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BACKGROUND

Remember the last major overlay
or rehabilitation project you designed?
Do you ever ponder if the final design
was better than the other alternatives
evaluated? Do you doubt the rehabili-
tated project will last as long as pre-
dicted? Do you wonder if the rehabili-
tation design methods you used were
compatible or related to your project?
If you have these concerns, you are
not alone.

INSIDE
Successful Void Detection ..................... 4
Epoxy-Coated Reinforcing Steel ........... v
TxDOT Incident Management
Efforts in Fort Worth............c..cvcenn. 8

Nondestructive Testing at Near-Highway
Speed Locates Pavement Problems .... 12
Intermodel Transportation Planning .. 13
Breakaway Timber Utility Poles.......... 16
GaDOT Surface-Tolerant Coatings ... 18

Fractal Analysis Assists
Aggregate Classification ..................... 19

As engineers and technicians, we
do our best measurements and calcu-
lations and follow the currently ac-
cepted design methodologies avail-
able. We investigate the history of the
project site. We sample and test the
existing site and the proposed new
materials. We measure current traffic
and predict future traffic. Often, we
consider the effects of environment.
Finally, we produce rehabilitation
strategies, and from them, we choose
the “better” one. Despite our greatest
efforts, we still are limited by the
tools and technology of our time.

Well, soon you will be able to
sleep better at night knowing the de-
sign option you chose is the best of
those investigated. You will also
know that it will survive a certain
number of predicted traffic loadings.
You will know this with great confi-
dence. Your confidence will not be
in the use of some recommended
method and strategy based on an out-
dated road test performed far from
your site having entirely different soil
and environmental conditions and ex-
trapolated to apply to your project.
Your confidence will be founded on
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FIGURE 1: Texas Mobile Load Simulator (TxMLS) preliminary structural system.
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cold, hard facts that you can see for
yourself. This will all be made pos-
sible by a new testing machine (Fig.
1) called the Texas Mobile Load
Simulator (TxMLS).

IxMLS DESIGN

The TxMLS will allow us to simu-
late 10 to 20 years of traffic and envi-
ronment in a few weeks (on a farm-
to-market road) to only a few months
(on a major highway). The TxMLS
will far exceed any existing acceler-
ated testing facility, not only in speed
of application of simulated traffic, but
also in the tremendous array of vari-
ables and problems we can test for
and evaluate due to the unique and
advanced design of the TxMLS. The
TxMLS will be used for both rigid
and flexible pavements as well as
short span bridge deck structures. In
addition, the TxMLS will provide im-
mediate relative evaluations of spe-
cially constructed test sections and
new pavement materials and should
prove to be a quantum leap in pave-
ment engineering knowledge.

TxMLS Compared to Other Load
Simulators

The TxMLS will be far advanced
relative to any existing device of its
kind (i.e., the HVS of South Africa
and the ALF of Australia used by
FHWA in the U.S.A)) in rate of traffic
simulation as well as use of off-the-

shelf truck components. The South
African HVS applies 1,200 coverages
per hour by traveling in both direc-
tions at a wheel speed of 8 mph. The
Australian ALF applies 380 coverages
per hour by traveling in one direction
at a wheel speed of 12 mph. The
TxMLS will apply approximately
10,500 coverages per hour by travel-
ing in one direction at an approximate
wheel speed of 20 mph. The HVS and
ALF use only the off-the-shelf wheels
and tires while all other components
are custom fabricated. The TxMLS
will use off-the-shelf wheels, tires, ax-
les, axle drive train, suspension sys-
tems, and chassis rails as well as an
off-the-shelf electric 200 Hp electric
motor to power the axles (Fig. 2).

The TxMLS in Action

The TxMLS will be a transportable
testing facility which applies full-
scale, legal axle loads (or can apply
up to 26 percent overload) with envi-
ronmental interaction to a section of
real pavement. The legal load will be
applied by actual truck single, tan-
dem, or tridem axle units. The weight
will be applied to the axles from a
load beam built into the structure of
the TXMLS and will make use of the
weight of the TxXMLS structure to ap-
ply the load through the load beam.
During the application of the simu-
lated traffic, the pavement will be
monitored and records of the pave-
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FIGURE 2: TxMLS bogie and chain arrangement.

ment response to the traffic loads will
be analyzed.

TxMLS Development

The TxMLS is currently being de-
veloped by the Center for Transporta-
tion Research (CTR) of The Univer-
sity of Texas at Austin in conjunction
with the Pavement Management Sec-
tion of the Division of Maintenance
and Operations of the Texas Depart-
ment of Transportation (D-18PM of
TxDOT).

Dr. Fred Hugo, P.E., and Dr. B.
Frank McCullough, P.E., are the CTR
principal investigators on the project.
Mike McNerney, a research engineer
and Ph.D. student at CTR, was
brought on board the project this Oc-
tober to assist Dr. Hugo. Mike
Murphy and Jeff Jackson are the D-
18PM representatives on the project.
Design is expected to be completed
by early spring 1992 and construction
by mid to late fall 1992.

IxMLS LONG-RANGE TEST
PLAN

Dr. McCullough and Dr. Hugo are
currently directing Jeff Jackson and
Mike Murphy in the development of a
long-range plan for the implementa-
tion and use of the TxMLS.

The long-range test plan maxi-
mizes the usefulness of knowledge
gained from each test by developing a
matrix composed of test types repre-
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senting the most critical areas of need
for pavement design and rehabilitation
information for the state. Key consid-
erations for identifying test types will
include (1) district needs, (2) coordi-
nation with on-going and completed
pavement research projects, and (3)
information required for use in the
states’ network and project level
pavement management systems.

DISTRICT USE OF TxMLS

The ultimate goal of the TxMLS
project is to build a machine which
can provide fast answers to district
pavement performance questions. In
line with this goal, it is extremely im-
portant that each district work interac-
tively with D-18 PM to identify spe-
cific pavement problem areas which
could become candidate tests for the
long-range test matrix. Jetf and Mike
invite the districts to contact them
personally to ask questions, give com-
ments and discuss specific pavement
problems which could be addressed
by the TxMLS.

Some examples of the types of
problems which could be addressed
by the TXxMLS include determination
of the life expectancy (axle loads to
failure) of new paving materials,
pavement designs or construction
techniques. These tests could be
performed on specially constructed or
in-service test sites in a district prior
to a major rehabilitation project. An-
other possible use of the TxMLS is
evaluating the remaining life of an ex-
isting pavement to aid in determining
the most economical rehabilitation
strategy.

A few examples of other types of
tests which could be performed are
(1) determination of the increase in
rate of damage to different types of
pavements due to overloaded trucks,
(2) the effects of new axle configura-
tions or tire designs on pavement per-
formance (for example the impact of
super-single (wide base) tires), and
(3) calibration of existing pavement
design models.

CONCLUSIONS
As with every project which the
department undertakes, the key fac-

tors which ensure success are team
work and a willingness to share ideas,
knowledge and experience at all lev-
els within the organization. The suc-
cess of the TxMLS project will de-
pend on input from many sources.
These sources include district person-
nel experienced in the design and
construction of pavements who are
willing to share their knowledge and
make recommendations on how the
TxMLS can best be utilized, division
personnel who will operate the
TxMLS and analyze the data gener-
ated during testing, and university re-
searchers whose specialized knowl-
edge in pavement materials, design
and construction will provide valuable

knowledge and guidance which will
aid in implementing the knowledge
gained through testing.

Again, Jeff and Mike invite the
districts to contact them at Tex-An
241-3684 (Jeff) or 241-3686 (Mike)
or FAX 241-3681 with ideas, com-
ments and suggestions on how best to
utilize the TxMLS. Working together,
we plan to make the TxMLS acceler-
ated testing program the best in the
world and an accomplishment that
Texas can be proud of.

A new video and brochure of
TxMLS are available on loan through
the Research Library. Contact Ms.
Dana Herring at (512) 465-7644 or
Tex-An 241-7644 to request a copy.

TXDOT REAPS BENEFITS OF HIGHER EDUCATION

Jeff Jackson and Mike Murphy are
in the interesting position of working
for the department and pursuing de-
partment-sponsored Ph.D.’s at the
same time. As in the department’s
Master of Science in Civil Engineer-
ing Graduate Program, the benefits
are threefold: the candidates receive
higher education; the university gets
qualified researchers who understand
department, particularly  district,
needs; and, in this case, the depart-
ment gets two highly educated engi-
neers who have been part of the de-
sign team of a sophisticated piece of
equipment and who can deliver their
expertise to others in the department.
Their suitability for their dual role is
shown by their biographies.

Jeff completed a bachelor’s and
master’s degree in Civil Engineering
at McNeese State University in Lake
Charles, Louisiana, and worked for
the Louisiana DOT for four years
prior to coming to work for the de-
partment in the Waco District in 1989.
Jeff worked in the Marlin Residency
for one year prior to transferring to
Austin to work in D-18 Pavement
Management (PM) and is currently
pursuing a Ph.D. in Civil Engineering
at the University of Texas in conjunc-
tion with his work on the TxMLS
project.

Mike completed a bachelor’s and
master’s degree in Civil Engineering

at Oklahoma State University and
worked for the Oklahoma DOT in the
Rural Roadway Design Section tor
eight years. He came on board with
the department in 1983 and worked
six and one-half years in the Wichita
Falls District Design Office prior to
transferring to the D-18PM Section in
1989. Mike is also pursuing a Ph.D.
in Civil Engineering, specializing in
pavement design.

Both Jeff and Mike currently per-
form structural evaluations of load-
zoned roadways and work with dis-
tricts, in conjunction with D-8
Pavement Design Section, in collect-
ing and analyzing deflection and vi-
sual distress data to determine the
causes for premature deterioration of
a given pavement section or rehabili-
tation strategy.

For more information on the
department’s Master of Science in
Civil Engineering Graduate Program,
call Deborah Morris, P. E., Division
of Human Resources (D-13), (512)
483-3623 or Tex-An 885-3623. For
information on the General Educa-
tion Assistance Program, call Mac
McAdams, D-13, (512) 483-3610 or
Tex-An 885-3610.

The TQ Reader’s Survey
is for YOU!
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SUCCESSFUL VOID DETECTION ON US 59 USING GPR

by Tom Scullion
Assistant Research Engineer
Texas Transportation Institute
Texas A&M University
and
Kathleen Jones
Research and Development Section
Division of Transportation Planning
Texas Department of Transportation

BACKGROUND

Where on the road should I spend
our limited amount of rehabilitation
money to get the best effect? This
was Sally Wegmann, Humble Resi-
dency Design Engineer’s, question
when she requested assistance from
the Division of Maintenance and Op-
erations’ Pavement Management Sec-
tion (D-18PM) to evaluate US 59
with the Automatic Road Analyzer
(ARAN) unit and the profilometer.
The Houston District residency faced
the well-known, unenviable problem:
how to detect voids beneath the con-
crete slabs before any major distresses
occur, and what amount of under-
sealing would be required. Although
many pavement problems can be de-
tected from the surface, others can
not. D-18PM staff recommended that
ground penetrating radar (GPR)
should also be utilized, since the con-
ditions were ideal to validate recent
advances in the reliability of GPR to
detect voids. The results were good
and of use to the residency.

The residency had budgeted
$250,000 for full-depth repairs in
1991 on US 59. The highway carries
upwards of 75,000 average daily traf-
fic (ADT), both directions, with a
large percentage of heavy trucks. Sev-
eral sections of the highway are in
bad condition. Major problems are
slabs with longitudinal cracking,
faulting, and poor ride quality. The
10-inch jointed concrete pavement on
a 6-inch cement-treated base is over
20 years old. The section to be reha-
bilitated is a four-lane divided high-
way 17.67 miles long.

Long-term plans call for upgrading
this highway to interstate standard
with complete replacement of the ex-
isting lanes. However, this work is not
scheduled to start until 1996, at the
earliest. The residency is gambling
that an effective undersealing program
using pressure grouting will slow
pavement deterioration and potentially
eliminate future full-depth repair
work.

FIGURE 1: The GPR system.

US 59 had been mudjacked around
1981, and voids had developed
around the cement used. When Ms.
Wegmann began searching for reha-
bilitation methods, the answer kept
coming up, “pressure grouting.” Even
though no one seemed to like the
technique much, no one offered any
plausible alternatives. Ms. Wegmann
needed to estimate the volume of the
voids in order to calculate reasonably
the amount of grout needed, as well
as the other rehabilitation costs in-
cluding slab replacements, grinding,
and joint sealing. Lacking X-ray vi-
sion to show her where and how big
the voids were, she turned to a high-
tech solution offered by research.

The Texas Department of Trans-
portation (TxDOT), through coopera-

tive research projects with the Texas
Transportation Institute (TTI), has
been experimenting for a number of
years with ground penetrating radar to
locate voids under portland cement
concrete pavements. A major advan-
tage to using GPR, rather than the
falling weight deflectometer (FWD),
in a lengthy, high-traffic section is
that GPR is a rapid rolling operation.
It would have taken approximately 3
months to do a void survey of 17
miles of four-lane roadway with the
FWD, which would have caused ma-
jor traffic control problems. Recent
advancements have increased the reli-
ability of GPR results when used in
this capacity.

TTI currently has a state-funded
research project (Research Study
1923), “Continued Development of
the Texas Ground Penetrating Radar
System,” which is aimed at determin-
ing when and where GPR technology
can be used by TxDOT. On the advice
of Bob Briggs from D-18PM, Weg-
mann contacted Tom Scullion of TTI
to see if GPR could be used to detect
these voids. Mr. Scullion thought that
the project on US 59 certainly fit
Study 1923’s needs.

To evaluate GPR’s ability to detect
voids, the district staff selected two
test areas (based on other surveys per-
formed by the ARAN and the Pro-
filometer), one northbound, the other
southbound. Both areas contained 24
test slabs. The district staff thought
that voids were present in both test ar-
eas. In one location, the asphalt shoul-
der had separated the width of a fist
from the portland concrete pavement.
This location exhibited longitudinal
cracking, base pumping, and failures.
Moisture was definitely sitting at the
slab/cement-treated base interface.

The researchers used the GPR for
void location detection. They also col-
lected FWD data on each joint in the
test area for correlation purposes. The
ARAN and Profilometer runs were
made to assist Ms. Wegmann in
planning slab replacement, grinding,
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FIGURE 2: Typical radar trace for US 59.

and shoulder sealing requirements.
Work got underway in September of
Rl

PRINCIPLES OF GPR

The TTI GPR system is shown in
Figure 1. The antenna is boom
mounted at the front of the vehicle
and sends an electromagnetic wave
into the pavement layers. A portion of

— Concrete Slab

the wave energy is reflected at each
pavement layer interface. These re-
flected waves are captured by a TTI-
developed data acquisition system in-
side the test vehicle.

The amount of energy which is re-
flected from each layer interface is a
function of the dielectric (nonconduc-
tive of direct electrical current) prop-
erties of the lower layer. The factor
that most influences these properties
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FIGURE 3: Amplitude analysis of GPR trace.

is the moisture content of the layer.
As the moisture content of the layer
increases, more energy will be re-
flected. This energy will be observed
as higher peak voltages in the radar
trace.

GPR TESTING ON US 59

Radar data was collected at 15
mph to get a radar trace for every foot
of each test section. A typical radar
trace for this highway is shown in
Figure 2. The large peak is from the
surface echo. A smaller peak is ob-
served at 11 nanoseconds; this peak is
from the concrete slab/cement-treated
base interface. This trace was taken in
a slab area where a moisture-filled
void was known to exist beneath the
slab. The dielectric properties of the
concrete and cement-treated base are
very similar. If good contact is
present, no peaks should be detected
at this interface. The researchers hy-
pothesized that the 0.22 volt peak is
caused by the presence of moisture
beneath the slab.

Using the 0.22 volts as a criterion,
the TTI researchers were able to pro-
cess rapidly all of the 500 radar traces
collected in this test section. Software
written by TTI allows the user to win-
dow into a portion of the GPR trace
and measure the amplitude of the
peaks in that window. The results of
this analysis (Fig. 3), show the ampli-
tude of the reflected wave from the
slab/cement-treated base interface for
all 24 slabs in the northbound direc-
tion. The first 11 joints in this section
have a low amplitude, indicating good
condition. Major reflections are
present for joints 12 through 18. The
worst section is around joint 12 where
an approximately 11 foot long void is
present.

VALIDATION

Five locations were selected for
additional testing to verify the accu-
racy of the GPR predictions. Three
were predicted to have voids, and two
were predicted to have no voids. Joint
6 was selected from the data shown in
Figure 3 as a no void location and
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FIGURE 4: Filling dry-drilled hole
with red epoxy.

joint 12 as the void location. To vali-
date the void predictions, the research
team made an epoxy core test at each
of the five locations. An epoxy core
test consists of dry drilling a one-inch
diameter hole through both the PCC
and the cement-treated base, then fill-
ing the hole with a fluid epoxy glue
(Fig. 4). Red food coloring was mixed
with the epoxy to highlight the void
location. The epoxy is left for two
days to cure fully, and then a standard
4-inch diameter core is taken with the

edge of the core being over the hole
containing the epoxy. Extracted cores
from two locations are shown in Fig-
ure 5. The core from slab 6 shows a
good contact between PCC and ce-
ment-treated base. However, the core
from slab O (southbound direction)
clearly shows the presence of a void
at the interface. For this core, void
thicknesses ranged from 1/8 inch to 1/
4 inch although in some places stone-
to-stone contact still existed. Larger
voids were found as predicted in the
other locations. The voids appear to
have been formed by the erosion of
the top of the cement-treated base. In
the field, these voids were all found
to be moisture filled. The validation
tests proved to be successful: voids
were found in all three void locations,
and no voids were found, as pre-
dicted, in the other two.

Having successfully completed the
pilot test, TTI performed a GPR sur-
vey of the worst stretches of this
highway in both northbound and
southbound directions (approximately
6 miles each way) in February. Analy-
sis of this second survey was com-
pleted, and void locations were identi-
fied and forwarded to the Humble
Residency. A video tape of the section
which includes DMI information was
also sent to assist the residency staff
in accurately locating problem areas.

SLAB 0

FIG. 5: Extracted cores: void indicated by dark (red) horizontal layer of epoxy.

CONCLUSIONS

Ms. Wegmann thinks that GPR can
be helpful in Humble Residency’s
pavement investigations. Not only
does GPR give her a scientifically
supportable way to estimate her mate-
rials needs for pressure grouting, it
also is a method of nondestructive
testing that does not require stopping
or lane closure. The radar testing is
performed at speeds of 15 to 20 mph.
Furthermore, GPR could be used
postconstruction to evaluate the suc-
cess of the undersealing.

The aim of the current TTI re-
search studies on ground penetrating
radar is to determine under what cir-
cumstances this technology can be
used by TxDOT. On US 59, with
moisture-filled voids between a port-
land concrete slab and cement-treated
base, the GPR predictions were very
successful. However, GPR may not
work for every set of pavement condi-
tions. The TTI researchers are cur-
rently performing a series of labora-
tory and theoretical modeling studies
which will give a better understanding
of when and how to use GPR.

For more uses of the GPR, see
page 12.

The mentioning of brand
names is strictly for informa-
tional purposes and does not
imply endorsement or advertise-
ment of a particular product by
the Texas Department of Trans-
portation.

DID YOU KNOW...

The U.S. Army Corps of Engineers,
Washington, D. C., and several industry
partners are launching a three-year
project to develop automated thermal-
spay technology for “rehabilitation and
maintenance of civil works infrastruc-
ture.” Another joint project in the Corps’
Construction Productivity Advancement
Research (CPAR) Program is focusing on
developing construction materials from
commingled waste plastics.

“Technical Bulletins,” Advanced Ma-
terials & Processes 140 (Nov. 1991):14.
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EPOXY-COATED REINFORCING STEEL

by Robert L. Sarcinella
Division of Materials and Tests
Texas Department of Transportation

The quantity of epoxy-coated rein-
forcing steel used by the Texas De-
partment of Transportation (TxDOT)
increases yearly. Epoxy coating of re-
inforcing steel has long been touted as
a deterrent to the corrosive actions of
chlorides. However, the available in-
formation concerning the effective-
ness and long-term durability of the
epoxy coating is incomplete.

TxDOT, in cooperation with the
Federal Highway Administration
(FHWA), is currently funding a re-
search project to determine some of
this “missing” information. Entitled
the Structural Integrity of Epoxy-
Coated Bars (CTR 1265), this project
is being conducted by the Center for
Transportation Research (CTR) of the
University of Texas at Austin. Lloyd
Wolf, PE., Division of Bridges and
Structures, is the project’s Technical
Panel Chairman (TC).

The most common use in the state
of Texas of this “coated” steel is in
the top mat reinforcement for bridge
decks. This part of the structure is one
of the most vulnerable areas to attack
from chloride corrosion (Fig. 1). The
most common source of this chloride
is salt. Whether in the form of road
salt or in coastal areas as sea salt, the
chloride can penetrate the concrete
and attack the reinforcing steel. The
resulting corrosion causes the rein-
forcing steel to expand, forcing the
surrounding concrete to spall. To date,
no reliable determination of the long-
term durability or cost effectiveness
of epoxy-coated reinforcing steel has
ever been completed.

Some of the aspects of epoxy rein-
forcing steel that are currently being
analyzed by CTR are:

1. The identification of durability
problems;

2. Types of damage found during
fabrication, handling, and

placement of the steel;

3. Experimental study of “as re-
ceived” and “induced” damage
under various conditions.

The department has already ben-
efited from information obtained from
the accelerated corrosion testing per-
formed by the researchers. This test
consisted of subjecting samples of ep-
oxy-coated reinforcing steel to wet
and dry cycling in a saltwater solu-
tion. The tested samples were pre-
pared with varying amounts of dam-
age, with and without repair (patch-
ing). At the end of numerous cycles,
the samples were evaluated for the
extent of the corrosion.

Preliminary results showed that
some of the minor damaged areas,
whether patched or unpatched, cor-
roded at a faster rate than the larger
damaged areas. In some cases, the
patch material appeared to offer little
or no protection (Fig. 2). However,
these are preliminary results and
should be viewed as such.

The Division of Materials and
Tests (D-9) has taken a closer look
into the way that inspections are pres-
ently performed at epoxy application
plants. Due to the early findings of
the research, more attention is being

FIG. 2: Corrosion under patching.

given by D-9 to the cleaning and
repair operations performed by the
applicator. In addition, a prequali-
fication procedure has been developed
and is currently being performed at all
epoxy applicators’ plants that furnish
material for TxDOT use. This proce-
dure has produced a list of “Approved
Epoxy Applicators” that meet all of
the requirements of the current
TxDOT specifications.

The new specification for the ep-
oxy coating of reinforcing steel (in-
cluded in Item 440 of the proposed
1992 Specification Book) has also

FIG. 1: Eastern Texas deck replacement due to severe corrosion of uncoated
rebar. Epoxy-coated steel, at a slightly higher initial cost, might have added 20
years of useful life.
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been modified. TxDOT is currently
using a “hybrid” version of the
AASHTO and ASTM specifications,
since they do not adequately address
all phases of the coating operation. A
tighter range for acceptable coating
thickness and steps for improved re-
pair procedures are among the
changes being offered to the TxDOT

Specification Committee.

The research study has recently
started the second year of its three
year contract. Additional information
as to the handling, repair, and place-
ment of epoxy-coated reinforcing
steel is planned for the future. The fi-
nal result will be to gain a better un-
derstanding of the strengths and

weaknesses of epoxy coating for rein-
forcing steel.

Your questions and comments on
this matter would be greatly appreci-
ated. Please contact Robert L.
Sarcinella (D-9) at (512) 465-7302
(Tex-An 241-7302) or Lloyd Wolf
(D-5) at (512) 416-2279 (Tex-An 249-

TxDOT INCIDENT MANAGEMENT EFFORTS IN FORT WORTH

by Wallace E. Ewell, P.E.
District Traffic Engineer
Fort Worth District
Texas Department of Transportation

THE PROBLEM

Traffic jams are a waste of time!
They are hard on our nerves, squander
costly fuel, poison the air we breathe,
and cost our nation billions of dollars
a year in lost productivity and in-
creased commercial transportation
costs. This problem is not just con-
fined to the big cities; it has been esti-
mated that a high percentage of our
nation’s rural interstate highways are
also congested during rush hours
[Ref. 1].

A disabled vehicle on the shoulder
of a freeway may result in only minor
traffic slowdowns during off-peak
hours, but the same occurrence during
rush hour, when the freeway is ap-
proaching capacity, may result in
lengthy backups. Research has shown
that an incident that results in closing
just one lane in one direction of a
three-lane freeway can reduce the ca-
pacity of the entire freeway section by
50 percent [Ref. 2].

We expect to find the roads
crowded during the times when ev-
eryone wants to use them at the same
time, such as traveling to and from
work or outside a ball park on game
day. If we know that a traffic problem
may exist, we can start our trip earlier
or try to avoid going through those ar-
eas. However, we are not able to fore-
see that a car will break a timing
chain in the middle of a busy intersec-

tion or that a loaded eighteen-wheeler
will turn over and block three lanes of
a four-lane highway for seven hours.
The only way for officials charged
with keeping the roads clear to deal
with this type of congestion is to find
problems as soon as possible and to
send someone out there to untangle
the vehicles and get traffic moving
again.

The job of handling traffic prob-
lems has traditionally fallen to local
law enforcement agencies. However,
rush hour is also a busy time for over-
worked, understaffed police depart-
ments. Many transportation agencies
have found that traffic delays can be
reduced significantly by supplement-
ing the police with motorist assistance
patrols and major incident manage-
ment teams. Good examples of these
programs are in the cities of Los An-
geles and Chicago. These cities have
had large, well-staffed motorist assis-
tance patrols and incident manage-
ment teams for years. These services
are expensive to operate and maintain,
but the efforts are definitely worth-
while. In Los Angeles, early detection
and rapid removal of unusual inci-
dents reduced nonrecurring conges-
tion by 65 percent [Ref. 2].

THE DISTRICT 2 COURTESY
PATROL

District 2 of the Texas Department
of Transportation is headquartered in
Fort Worth and is responsible for de-
partment activities in nine north cen-
tral Texas counties. In 1991, the
population of this area was estimated

to be 1,426,016. Tarrant County is
the largest county in the district, and
the two largest cities are Fort Worth
and Arlington [Ref. 4].

The district’s motorist assistance
patrol, or Courtesy Patrol as it is
called in Texas, began operations in
1973. The original purpose of the Pa-
trol was to keep the freeways clear
and running smoothly. It was charged
with monitoring collision damage to
state property and with providing a
quick response to occurrences, such
as objects in the roadway, that could
pose an immediate danger to the trav-
eling public. This program minimized
the need to call out district mainte-
nance forces to handle minor prob-
lems. Helping stranded motorists was
not the primary focus of the Patrol
when it was started, but it seems to be
now. The district’s senior Safety Of-
ficer and supervisor of the Courtesy
Patrol, Mr. Howard Hill, estimates
that the Patrol assists approximately
3,650 disabled vehicles per year. They
also help the local police direct traffic
at about 730 accidents a year. The Pa-
trol logged 336,000 miles on their
trucks in 1991.

The Courtesy Patrol trucks operate
twenty-four hours a day, seven days a
week. They patrol ITH 820 (the loop)
around Fort Worth and all the state-
maintained freeways within the loop.
Their usual schedule is as follows:

Monday through Friday —
2 trucks from midnight to 8:00 A.M.
1 truck from 8:00 A.M. to 3:30 PM.
2 trucks from 4:00 P.M. to midnight.
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Saturday, Sunday & holidays —
2 trucks on 12 hour shifts.

The Patrol consists of 16 person-
nel, including 3 radio dispatchers.
Two people are assigned to each truck
because it has been determined that
many incidents require at least two
people to handle them safely and
properly. For example, one person
may be setting out flares while the
other turns on the truck’s electronic
arrow board and starts to help a
stalled motorist or helps provide traf-
fic control at an accident scene. Train-
ing for new personnel is conducted on
the job. The usual practice is to assign
novices to work with an experienced
operator.

It costs approximately $100,000 to
purchase, equip, operate, and maintain
one Patrol pickup truck for a year.
The trucks have a two-way radio to
communicate with their dispatcher
and a citizen’s band radio to talk to
motorists and commercial truckers
with similar equipment. Some drivers
have purchased their own portable
cellular telephones and carry them on
patrol. The trucks have push-bumpers
and carry jumper cables, air tanks,
water cans, gasoline, tools, traffic
cones, and flares. The operators will
push a stalled vehicle to safety, give
motorists a gallon of gasoline, or try
to help them repair their vehicle. They
can use their two-way radio to call for
a wrecker of the motorist’s choice or
to call someone to come get them.

Motorists are not charged for these
services and the operators will not ac-
cept tips or donations. After helping a
stalled motorist, the Courtesy Patrol
operators will hand them a comment
card and invite them to fill it out and
mail it back to the district headquar-
ters. Approximately 75 percent of
these cards are returned and the re-
sponse is usually favorable.

HANDLING MAJOR INCIDENTS

The Courtesy Patrol is able to
handle most minor incidents, but spe-
cialized equipment and expertise are
needed to deal with more serious

problems. The district’s two Safety
Officers, Howard Hill and Jerry
Woolridge, work with the police to
clear major incidents, such as over-
turned trucks, spilled cargo, and haz-
ardous materials.

Mr. Hill was hired in 1971 and
started working major incidents in
1972. Mr. Woolridge joined him in
1982. Mr. J. R. Stone, the District En-
gineer, had become concerned about
the time that it took to remove major
incidents from the roadway and clean
up the mess. In the past, a roadway
may have been blocked for hours,
even days, while trucking companies
hand-picked spilled cargo. State law
seemed to imply that the department
had the authority to keep the road-
ways clear and to assist with the re-
moval of spilled cargo. Unfortunately,
some people in the department and
many local officials were so con-
cerned about the possible liability of
pushing valuable equipment and cargo
off the road with a front-end loader
that they were reluctant to get in-
volved. Mr. Stone felt that the author-
ity was clear enough and that it was
time to do something about the prob-
lem. He charged Mr. Hill with estab-
lishing a working relationship with
the local police and approved the use
of state forces to expedite the removal
of traffic obstructions.

The district, using the existing le-
gal authority interpretation, remained
actively involved in the removal of
wrecks and spilled cargo for almost
20 years. During that period, liability
for damages was never found to be a
problem. In 1991, the State Legisla-
ture clarified their intent in this matter
by passing specific supporting legisla-
tion. State Senate Bill 312 was signed
by Governor Ann Richards on May
22, 1991. This bill authorized the
Texas Department of Transportation
to remove spilled cargo and personal
property from the roadway or right-
of-way when the department deter-
mines that the spillage is blocking the
roadway or endangering the public
safety. It specifies that department
employees will not be held liable for
any damages or claims of damage to
removed cargo or personal property

unless the removal or disposal was
carried out recklessly or in a grossly
negligent manner.

The Safety Officers are on 24-hour
call. Mr. Hill has a white Dodge se-
dan and Mr. Woolridge has a large
yellow Suburban. These vehicles
bristle with antennas and emergency
lights. They are crammed with radio
equipment and cellular phones, link-
ing them to the Courtesy Patrol, the
district dispatcher, and various other
emergency agencies. The Safety Of-
ficers work directly with the local po-
lice and fire department personnel at
the scene of an accident. If required,
they will call in state personnel and
heavy equipment to push the wrecked
vehicles and spilled cargo off the
road.

Through the years, the district’s
Safety Officers have dealt with many
types of spilled cargo. Among these
have been hundreds of gallons of
sticky molasses, produce of all kinds,
terrified cattle, computers, soft drinks,
beer, and even a truckload of Bailey’s
Irish Cream. If hazardous materials,
such as gasoline or caustic chemicals,
are involved, they will call in local
experts and specialized equipment to
handle the cleanup. They also have
the option to call in heavy-duty
wreckers and airbag specialists to
upright and haul away overturned
trucks. An accident on IH 20 a few
years ago resulted in their enlisting
the equipment of a nearby roadway
contractor to remove a bridge that had
been knocked down by an errant wa-
ter wagon. The department bills the
trucking companies for the cost of re-
moval and cleanup of major incidents,
and Fort Worth District has an 80 per-
cent recovery rate [Ref. 3].

It costs the district approximately
$35,000 a year to support that portion
of the Safety Officers’ time and ve-
hicles used for incident management.
When they aren’t working wrecks, the
Safety Officers teach driver’s training
classes, monitor employee driving be-
havior, recommend remedial action
for poor driving performance, and pa-
trol the district’s highways looking for
unsafe conditions.
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havior, recommend remedial action
for poor driving performance, and pa-
trol the district’s highways looking for
unsafe conditions.

MANAGING TRAFFIC FOR
SPECIAL EVENTS

Congestion and traffic conflicts re-
sulting from special events, such as
boat races, sports, airshows, and local
festivals, are predictable and can be
better managed through advance plan-
ning and cooperation between agen-
cies. The Fort Worth District has
formed committees that work with the
police, event promoters, and other
agencies involved with or affected by
the event. These groups will hold a
series of planning meetings prior to

an event to discuss entry and exit
routes, parking, street closures, media
information, public transportation, and
traffic control. The Fort Worth Dis-
trict will sometimes support the traffic
control efforts by providing electronic
variable message signs and special
signing. The department tries not to
get involved with traffic control for
private events, such as store openings
and sales.

The Special Events Committee
evolved from a larger group called
The Fort Worth Area Traffic Manage-
ment Team. This group is made up of
the supervisors of the district’s traffic
operations, design, maintenance, pub-
lic affairs, and safety sections who
meet regularly with local police, city

FIGURE I: Overview of traffic management, Fort W

and county engineers, and a represen-
tative of the local bus company. The
committee members work on ongoing
traffic operations problems and other
items of interest to the group. The
personal relationships formed in these
informal meetings foster a spirit of
cooperation and mutual understanding
among the team members. The main
advantage is a reduction in bureau-
cratic red tape and quick solutions to
many problems on the highways.

IS IT WORTH THE EFFORT AND
WHERE DO WE GO FROM
HERE?

Operating and maintaining motorist
assistance patrols and major incident
management teams iS an expensive,
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time consuming undertaking. It re-
quires unique personnel, and the work
is inherently dangerous. The program
will not work if it is not supported by
top management, the police, and other
local emergency agencies. On the
other hand, the service is a lifesaver
for stranded motorists, especially at
night. It helps keep potentially bad
situations from getting worse and
quickly eliminates many causes of
traffic congestion. Our program is
small in comparison to those in Los
Angeles and Chicago, but we are con-
vinced that our efforts have saved
lives and reduced costly traffic delays
in the Fort Worth area. The taxpayers
get their money’s worth out of these
services, and the district is presently

trying to obtain funds to expand the
areas covered.

Presently, most incidents are re-
ported through calls from local police
or other motorists. The local radio sta-
tions and traffic reporting services
also do a good job of tracking and ad-
vising motorists of deteriorating traf-
fic conditions. These informal inci-
dent detection methods will soon be
supplemented by electronic remote
monitoring and motorist information
systems installed on the highways
(Figs. 1 and 2). This equipment in-
cludes closed-circuit television cam-
eras, vehicle detectors embedded in
the pavement, large variable message
signs, and special radio transmitters.
Motorists will be instructed to vacate

lanes in advance of an accident
through the use of lane signals
mounted over the roadway. Ramps
may be closed and opened by remote
control, and traffic signal timing on
the frontage roads can be adjusted to
accommodate traffic diverted from the
main lanes. However, no matter how
sophisticated the equipment is that is
used to locate and warn motorists of
incidents, it’s useless if there is no
one available to move them off the
road and clean up the mess. It’s reas-
suring to know that we already have
that service in operation.

REFERENCES

11 Payne, L. F., P.E., U.S. House of Repre-
sentatives. “Back on the Road Again.”
Engineering Times (NSPE) (January
1992).

2. Reiss, R. A., and Dunn, W. M. Free-
way Incident Management Handbook,
FHWA-SA-91-056, July 1991.

3. Hill, Howard, Fort Worth District Safety
Officer, TxDOT. Interviews with au-
thor.

4. North Central Texas Council of Govern-
ments. /99! Population Estimates.
Artlington, TX: North Centeral Texas
Council, 1991. (817) 640-3300.

FIG. 2: Changeable message sign
Ft. Worth District.
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NONDESTRUCTIVE TESTING AT NEAR-HIGHWAY SPEED
LOCATES PAVEMENT PROBLEMS ON IH 45

by Tom Scullion
Assistant Research Engineer
Texas Transportation Institute
and
Kathleen Jones
Research and Development Section
Division of Transportation Planning
Texas Department of Transportation

IH 45 just north of Loop 610 in
Houston has an average daily traffic
(ADT) of over 167,000. This section
of widened continuously ruinforced
concrete pavement (CRCP) has sev-
eral structures, a 4- to 6-inch asphalt
concrete overlay, and an HOV lane in
the middle. Its design included a
superelevation that was supposed to
keep the HOV lane drained. Unfortu-
nately, something was wrong. Ruts
stayed wet, and water would ooze
from the pavement well after a rain.
Maintenance forces reported severe
moisture damage to the asphalt layer
in places. Where was the water com-
ing from was what the Humble Resi-
dency staff wanted to know. Was it in
the asphalt overlay? Was it in the
base? Previous patching experience
seemed to indicate the water was
coming up from the base, but was it?
Ideally, the asphalt should be removed
and the slab beneath evaluated before
proceeding with major maintenance.
Reality made even doing this option
at night impossible. Houston District
policy requires that the same number
of lanes be provided for the motorists,
either by restriping for narrower lanes
or by providing an equivalent alterna-
tive route, during long-term mainte-
nance operations. This section of IH
45 has no reasonable alternative route,
and the bridge widths make squeezing
in more lanes by restriping dangerous.
In September 1991, pavement surveys
were performed for a 4-mile-long,
$800,000 maintenance contract to per-
form milling and to do slab under-
sealing on this section.

This portion of the project is due
to start in April or May 1992. Humble

Residency Design Engineer Sally
Wegmann was interested in determin-
ing if ground-penetrating radar (GPR)
could be used to locate areas of ex-
treme stripping, as well as subslab
moisture-filled voids which were be-
ing surveyed on US 59 (see article on
page 4). This information might pin-
point the source of the water and
speed up the maintenance project by
allowing it to concentrate on specific
problem areas.

A combined Texas Department of
Transportation (TxDOT) and Texas
Transportation Institute (TTI) research
team made the survey in November
1991. GPR data was collected at 40
mph, and the data acquisition system
was set up to collect one radar trace
every 4 feet. The worst lane in both
the northbound and the southbound
directions was surveyed. David Fink
of the Division of Maintenance and
Operations’ Pavement Management
Section (D-18PM) had performed an
ARAN survey earlier to determine the

worst lanes and to provide a visual
record of all the lanes.

Tom Scullion of TTI analyzed the
GPR data. The results (Fig. 1) indi-
cated that the worst conditions existed
in the last two sections of the north-
bound lane. These two areas had an
estimated 35 and 28 percent asphalt in
poor condition, respectively, with 33
and 41 potential void locations. The
findings confirmed the district’s suspi-
cions and agreed very closely with the
ARAN analysis. The GPR data was
then used to highlight the actual prob-
lem locations in the worst two sec-
tions. In this run, the majority of the
voids were found in three areas be-
tween two bridges (Fig. 2). The
ARAN analysis revealed that the first
and last locations are at the bottom of
the longitudinal grade changes. The
district forces plan to use this infor-
mation to direct their milling and
undersealing activities. For more in-
formation, contact Sally Wegmann,
PE., (713) 540-3425.
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FIGURE 1: Results of ground penetration radar survey on northbound IH 45.
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FIGURE 2: Pavement problems pinpointed with GPR.

INTERMODAL TRANSPORTATION PLANNING IN TEXAS

by John S. Robey, Ph.D.
Planning Section
Planning and Policy Division
and
Tom Griebel, Director
Planning and Policy Division
Texas Department of Transportation

INTERMODALISM—DEFINITION

Intermodal transportation is the
systematic use of two or more modes
of transportation to maximize the ef-
ficiency of the movement of people
and goods. The unique feature of in-
termodalism is the connectivity from

one mode — rail, air, highway, or wa-
ter — to another [Ref. 1, p. 2].
Intermodal transport includes the ca-
pability of interchanging freight con-
tainers among various transportation
modes, in a complete origin-to-desti-
nation movement. Usually, inter-
modalism will involve at least three
components: the two line-haul seg-
ments and the interconnection (port or
terminal) between the line-haul modes
[Ref. 3, pp. 8-9].

Multimodalism also involves the
use of two or more modes of trans-
portation. Many people use the terms
multimodal and intermodal inter-
changeably. However, the element of

connectivity, or linkage, is associated
with intermodal transportation, while
multimodal merely means that two or
more modes are in use [Ref. 2, p. 2].

A good example of an intermodal
system may be seen in the operation
of the Port of Houston Authority.
Other examples include high occu-
pancy vehicle lanes and park-and-ride
programs. Another example in Hous-
ton involves passenger connections to
airports which several taxi companies
and the Houston Metropolitan Transit
Authority provide; private helicopter
service is also available, and it is pos-
sible to use remote airport check-in
facilities at various locations.
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INTERMODALISM AND CRE-
ATION OF DEPARTMENTS OF
TRANSPORTATION

The concept of a comprehensive
department of transportation pursuing
intermodal planning is not a new one.
As far back as 1974, the Advisory
Commission on Intergovernmental
Relations published “Toward More
Balanced Transportation: New Inter-
governmental Proposals” in which it
was recommended that the states cre-
ate a broad intermodal Department of
Transportation and that the chief ex-
ecutive officer be “directly vested
with strong and effective intermodal
planning, policy making and budget-
ing capabilities...” [Ref. 6, p. 10]. The
Council also recommended that inde-
pendent transportation regulatory bod-
ies be consolidated and that the
Federal government revise its trans-
portation funding policies by provid-
ing for intrastate regions that “have a
strong multimodal department of
transportation” [Ref. 6, p. 10].

In 1977, the General Accounting
Office in a report to Congress, “Mak-
ing Future Transportation Decisions:
Intermodal Planning Needed,” recom-
mended that all modal programs be
consolidated into a single program
and that the Department of Transpor-
tation planning staffs be merged into a
single all-mode unit [Ref. 7, pp. i-ii].

By 1983, the National Council of
Physical Distribution Management
could state, “multi-modal megacarr-
iers are clearly on the way.” And in
1985 John Mahoney of the Eno Foun-
dation for Transportation wrote that
because of consumer and shipper de-
mand, advances in computerization,
and the “revolution” in methods and
equipment for transferring freight,
intermodalism would become the
wave of the future [Ref. 4, p. 171].

In 1989, the American Association
of State Highway and Transportation
Officials (AASHTO) published a re-
port, New Transportation Concepts
For a New Century. This report em-
phasized the need for intermodal con-
nectivity and recommended the con-
sideration of alternative modes when

developing transportation plans [Ref.
8, p E-4 and pp. 1-2].

In October 1990, the Texas State
Department of Highways and Public
Transportation formally committed it-
self to an intermodal future in the
department’s Strategic Plan ... Re-
sponding to the Transportation Chal-
lenge 1990-2010 and Beyond. The
department’s vision was stated as
“...one of promoting the develop-
ment, enhancement, and linkage of all
modes of transportation into a viable,
complementary network...” [Ref. 9 p.
1]. One of the goals for the depart-
ment in the Strategic Plan was to
“position the state to fully capitalize
upon air, rail, sea, and highway trans-
portation opportunities that maximize
mobility and encourage economic
growth in the most economical, effec-
tive, and efficient manner” [Ref. 9,
p- 2].

In 1991, the 72nd Texas Legisla-

ture brought some reality to these
forecasts and passed House Bill 9 cre-
ating the Texas Department of Trans-
portation (TxDOT). This legislation
brought under the responsibilities of
the department those of the former
Texas Department of Aviation. The
department retains responsibility for
highways and public transportation,
and could assume those required for
operation of the Texas Turnpike Au-
thority as well [Ref. 10]. In addition,
the Chair of the Texas Transportation
Commission sits on the governing
board of the High Speed Rail Author-
ity. These actions will bring a degree
of coordination among the various
transportation modes and foster the
concept of intermodalism. With the
creation of a Department of Transpor-
tation, Texas (and virtually every
other state) has taken a big step
toward making the concept of
intermodalism a reality.

\
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INTERMODALISM AND
DEREGULATION

The creation of a comprehensive
state department of transportation en-
compassing multiple modes of trans-
portation has been only one step in an
effort to achieve intermodalism. In
1975 the Secretary of Transportation
issued a statement of “National Trans-
portation Policy” in which it was rec-
ommended that unreasonable barriers
to intermodal cooperation be elimi-
nated [Ref. 2, p. 22]. The first indus-
try to tackle deregulation was the air-
lines. Almost all air freight is
intermodal in that it moves to and
from an airport by way of some form
of surface transportation. Deregulation
has given shippers a wider range of
combinations of transportation modes
to choose from.

The Motor Carrier Act of 1980
loosened entry requirements for the
trucking industry and the number of
new entries more than quadrupled.
Many restrictions on types and rout-
ing of cargo were eliminated. Also,
the trucking industry was allowed to
own more than one mode of transpor-
tation. The effect of this deregulation
has been to encourage intermodalism
[Ref. 2, p. 23].

The Staggers Rail Act of 1980 pro-
vides much of the same flexibility for
the railroads. Railroads can now aban-
don unprofitable lines, and a wider
choice of intermodal connections are
available. The railroads gained greater
freedom to merge with one another.
Perhaps most importantly, the Inter-
state Commerce Commission freed all
rail-piggyback carriers from restric-
tive regulations that had blunted the
development of intermodality [Ref. 2,
p- 23-24].

The Shipping Act of 1984 made it
easier for water carriers to engage in
collective rate making, enter into con-
tracts for the inland portion of an
intermodal rate, and allowed shippers
to enter into confidential contracts
with carriers [Ref. 11, pp. 175-176].

These deregulation efforts, and the
creation of comprehensive state de-
partments of transportation, have gone

a long way toward fostering the con-
cept of intermodalism.

INTERMODALISM AND THE
FUTURE

In December 1991, President Bush
signed the new transportation reautho-
rization bill, the Intermodal Surface
Transportation Efficiency Act of
1991. This legislation makes it clear
that future policy will provide for the
most cost effective split among the
various transportation modes. This op-
timization process is aimed at saving
taxpayer dollars by providing for a
system that “...shall consist of all
forms of transportation in a unified,
interconnected manner, including the
transportation systems of the future,
to reduce energy consumption and air
pollution while promoting economic
development and supporting the
Nation’s preeminent position in inter-
national commerce” [Ref. 12, p. 4].

The future for some companies in-
cludes the possibility of becoming a
full-service intermodal company with
the capacity for end-to-end traffic
movement under one management.
Deregulation of the various modes of
transportation could lead to the cre-
ation of “super companies.” These
companies could offer unique combi-
nations of the various modes of trans-
portation to their clients. “Hub and
spoke” intermodal systems may im-
prove service to smaller communities
[Ref. 2, pp. 25-26].

In Texas, intermodalism will have
an international aspect. The possibility
of a Free Trade Agreement may make
the concept of connectivity a bit more
complex as the regulations of two dif-
ferent countries must be merged as
well as the modes themselves. The
largest shipper is the US government
and it is not yet clear what the inter-
national role of intermodal transporta-
tion will be in an era of decreased
political tensions and constricting de-
fense outlays.

New modes, such as electronic
transmission of documents and em-
ployees who telecommute, will have
an impact on intermodalism. John
Mahoney writes in “Intermodal

Freight Transportation” that while it
“has much further to go” the day will
come when we will see the movement
of cargo through space [Ref. 4, p.
172]. Intelligent Vehicle Systems have
already been developed and are being
tested. The development of the
transatmospheric aerospace plane will
also add a new dimension to
intermodalism. In the near future,
crafts may be capable of flying at
speeds in excess of 25 times the speed
of sound, or approximately 18,750
miles per hour.

CONCLUSION

In their study on the status of
intermodalism in Texas in 1985, Pro-
fessors Boske and Walton of The Uni-
versity of Texas were forced to con-
clude that due to a lack of a unified
state department of transportation, co-
operative mechanisms, and funding
“....little intermodal planning exists”
[Ref. 2, p. 63]. This is no longer true.
The creation of TxDOT is the begin-
ning of the end for the single mode
planning and mind-set that has existed
in the past. As Executive Director
Arnold Oliver said in a recent meet-
ing of division directors and district
engineers, “... the department must
start multimodal and intermodal plan-
ning. We have the authority to be the
lead agency and this planning must be
done” [Ref. 13, p. 10].

We stand at the brink of a new and
exciting era in transportation in Texas.
Continued deregulation and careful
intermodal planning of coordinated
activities within the new Texas De-
partment of Transportation will help
ensure that transportation in Texas
reaches its maximum potential during
these exciting times.
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BREAKAWAY TIMBER UTILITY POLES UPDATE

BACKGROUND

Under a Federal Highway Adminis-
tration (FHWA) sponsored research
project with the Texas Department of
Transportation and the Texas Transpor-
tation Institute, a breakaway timber util-
ity pole design has been developed
(Fig. 1). This breakaway design is con-
sidered experimental and information
on its performance under actual field
conditions is now needed.

The Kentucky Utilities Company, in
cooperation with the Kentucky Trans-
portation Cabinet and the University of
Kentucky installed ten of the breakaway

Conductors

=

poles in Lexington. The Massachusetts
Electric Corporation and the New En-
gland Telephone Company installed
nineteen of the breakaway poles near
Boston. Whereas Kentucky retrofitted
existing poles with the breakaway de-
vice, Massachusetts replaced existing
poles with new poles that contained the
breakaway device when delivered to the
site. These poles were evaluated for
two years, starting in 1989. As of April
1992, poles in Massachusetts have been
hit by five errant vehicles. Drivers of
the vehicles (the only known occupants)
were uninjured; the wires were saved;
and service was uninterrupted (Table 1).

N

N Support
Cables

B
HH :

Impact

Slip Base Activates

G—p

B
o

Pole Rotates Clear of
Vehicle as Hinge Bends

No poles have been hit in Kentucky.

The FHWA is looking for other
states and utilities to install the break-
away poles so additional experience can
be gained on the operation of the
breakaway device. If this safety device
continues to perform satisfactorily in
these trial installations, the FHWA’s
goal is eventually to advance the device
to an “operational” status.

DESIGN RECOMMENDATIONS
Design recommendations for break-

away timber utility poles are set forth in
the FHWA research report titled “Safer

3
e

Pole Partially Suspended
Conductors Still in Position

FIGURE I: Breakaway timber utility pole design concept.
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TABLE 1: Accident data.

Location Vehicle Required Service
Accident Weather (State/ Model Personal Vehicle Time for Interruption
Number Time Date Conditions Route) and Year Injury Damage  Pole Repair Time
1 3:10 am 9/24/90 Normal MA/140 Chevy None* Severe 3 hours 0
Geo,
1990
Before
2 Sunrise  12/12/90 Wet MA/20 Toyota None** Severe 4 hours 0
Wagon,
1990
Severe
3 9:00 am 4/21/90 (Rain, MA/20*** Ford None Severe 2 hours 0
50 mph Aerostar,
wind) 1986
4 9:26 am 5/12/91 Normal MA/113 Toyota None Totaled 1/2 hour 0
Pickup,
1990
5 10:00 am 9/25/91 MA20*** Pontiac None Totaled 1 hour 0
Pheonix,
1981
* Assumed. Unidentified driver fled accident scene (car was a stolen vehicle).
** Driver appeared intoxicated.
*** Same pole as Accident #2.
:
Timber Utility Poles: Volume 1 - ground, or to relocate the existing & e 8
Summary Report” (FHWA/RD-86/ utility pole to a location away
154, September 1986). from the roadway where it is less
The recommended breakaway de- likely to be struck. \\
sign, as shown in Figure 2, consists of % s X Upper
a slip base, a hinge, and upper support ] bl 1y o s ke B Siitimen
cablgs £ pper supp available behind a breakaway tim- Cables
' ber utility pole to allow the pole bl

The breakaway timber utility pole
is designed to activate when an auto-
mobile hits the pole at speeds ranging
from 20-60 miles per hour. It is gen-
erally expected to be a reusable prod-
uct. Only the hinge’s four metal
straps, the slip base’s keeper plate,
and some bolts, nuts, and washers
should need to be replaced. The
middle section of the pole should be
in suitable condition to upright and
put back into service.

Locations

Selection of a location for a
breakaway timber utility pole should
include consideration of the follow-

ing:

e A breakaway timber utility pole
should not be installed at a loca-
tion where it is more feasible to
remove the existing utility pole,
to place the utility line under-

to swing free of objects which
may hinder its operation and to
allow an errant vehicle to come to
a safe stop without hitting a sec-
ondary object or going down a
steep embankment.

SUPPLIERS

The hardware (including the epoxy
compound) for all installations to date
has been purchased from:

Mr. Robert F. Shepherd,
Timber Products Consultant
Box 162-A

Rindge, New Hampshire 03461
Telephone (603) 899-2809

COSTS
The approximate installation costs

per breakaway timber utility pole
were as follows:

Hinge J {

/ Slip Base
B
U

FIG. 2: Breakaway hardware.
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Kentucky Retrofit Design

$1,300 Materials
1,700 Labor and Equipment
$3,000  Total Cost per Pole

The typical retrofit installation
took 6 to 8 hours.

Massachusetts New Pole Design

$4,500 Materials
3,200 Labor and Equipment
1,250  Insurance

$8,950  Total Cost per Pole

New pole installation also required
6 to 8 hours.

Massachusetts believed the addi-
tional cost of a new pole was justified
in order to eliminate the unknown
variables associated with an older ex-
isting pole. Also, unlike Kentucky,
Massachusetts was required to pro-
vide insurance on the poles. The in-
stallation times for Kentucky and
Massachusetts were comparable.

EVALUATION

The first timber utility pole in
Kentucky to be converted was retro-
fitted with breakaway hardware in
January 1988. The tenth and last pole
to be converted to date was retrofitted
with breakaway hardware in October
1989.

Retrofitted poles in Kentucky were
inspected quarterly for two years until
the end of the evaluation period in
September 1991. During that time, no
severe weather conditions occurred
and there were no accidents. No prob-
lems were observed, other than the
need to adjust some pole alignments
where they had leaned slightly at the
top. Bolts were checked and all were
of the specified torque.

The first installation in Massachu-
setts, where an existing timber utility
pole was replaced with a new
breakaway timber utility pole, occur-
red in October 1989. The nineteenth
and last breakaway pole to date in
Massachusetts was installed in Au-
gust 1990.

Breakaway poles in Massachusetts
have been inspected quarterly since
the first pole was installed in 1989
and will continue to be inspected until
the end of the evaluation period in
early 1992. They have withstood se-
vere wind loads (estimated 80 to 90
mph winds which snapped three non-
breakaway poles nearby) and five ac-
cidents. A final evaluation report is
being prepared and should be pub-
lished by late 1992.

OTHER STATE INSTALLATIONS

For further field evaluation, plans
are being finalized for the installation

of more breakaway utility poles in
Washington State. FHWA Technology
Application funds have been made
available to help pay for the installa-
tion of about 10 poles. The FHWA
will pay for the materials and a 2-year
evaluation. The state and/or utilities
will pay for the labor and equipment
necessary to make the installations.
Plans have not been finalized, but
Washington DOT is thinking about
ordering all the breakaway hardware,
installing the breakaway hardware on
new poles at the off-site location, and
installing the poles in a manner simi-
lar to that done in Massachusetts.

Texas and Virginia have also
expressed interest in installing and
evaluating breakaway timber utility
poles.

VIDEOTAPE

The FHWA has distributed a 15
minute videotape which depicts the
procedure used in Kentucky to retrofit
existing utility poles with a break-
away device. Copies of this videotape
may be borrowed from the D-10 Re-
search Library, Catalog # V-171.

Call Dana Herring, D-10
Research Librarian, (512) 465-
7644 or Tex-An 241-7644.

Janet Coleman
FHWA

400 7th Street, SW

Office of Technology Applications
State & Local Programs Branch, HTA-12

Washington, D. C. 20590
Phone (202) 366-9210

FHWA CONTACTS for additional information about breakaway utility poles:

Paul Scott

FHWA

Office of Engineering

Federal-Aid Program Branch, HNG-12
400 7th Street SW

Washington, D.D. 20590

Phone (202) 366-4104

GDOT SURFACE-TOLERANT COATINGS

This project was initiated in re-
sponse to the trend toward more strin-
gent environmental regulations affect-
ing steel surface preparations. Sand
blasting is potentially harmful to

workers and to the environment. If the
old paint which is blasted contains
lead, the blast residue may be charac-
terized as a hazardous waste, depend-
ing on the concentration of leachable

lead. Fourteen different surface toler-
ant systems are being evaluated under
this project [Georgia DOT Research
Project 8806]. Four of these systems
are “rust transformers” which react
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chemically with iron oxide (i.e. rust).
The other ten systems are surface tol-
erant coatings as in Table 1.

All of these systems were applied
onto used 4 by 6 by 3/16 inch test
panels which had been exposed in a
coastal environment for 10 years.
There were 12 duplicate panels pre-
pared for each of the 14 systems;
three surface preparations (hand,
brush blast and commercial blast) and
four different exposure conditions
(coastal, salt-fog, industrial and con-
trol). The coatings were applied by
conventional chamber at 70 degrees F
and 70 percent relative humidity.

After 16 months of marine and in-
dustrial exposure and one year of salt-
fog testing, the systems can be ranked
according to performance. The four
rust transformers are the worst per-
formers in industrial exposure. Sys-
tems 1, 2, 4 and 7 are the best per-
formers in industrial exposure. In
marine exposure, the best systems are
2, 4, and 7 and the worst systems are
5 and 6. In the salt-fog cabinet, sys-
tem 3 was the best and systems 5 and
8 were the worst.

The Georgia DOT standard lead-
free alkyd (system 1) was among the
best in industrial exposure. The stan-
dard alkyd system will tolerate a
poorly prepared surface as well as the
best surface tolerant coatings on the
market. The standard alkyd system is
also much less expensive than the sur-
face tolerant coatings.

For more information, contact Pam

King at (404) 363-7615.

Georgia DOT Research News 17 (Fall
1990): 1-2.

TQ information is experimental
in nature and is published for the
development of new ideas and tech-
nology only. Discrepancies with of-
ficial views or policies of the
TxDOT should be discussed with
the appropriate Austin Division

prior to implementation.

TABLE I: Surface tolerant-systems.

Number
System Generic Type of Coats
1  Georgia DOT lead-free alkyd 3
1 Alfilled moisture cure urethane primer-urethane topcoat 3
1 Zn filled moisture cure urethane primer-urethane topcoat 3
1 Al epoxy mastic primer-epoxy topcoat 3
1 Al epoxy (62% solids) 3
1 Alfilled asphaltic primer-alkyd topcoat 3
1  Combination of solvent-borne resins primer— 3
Georiga DOT alkyd topcoat
1  Surface tolerant water-borne primer— 3
Georgia DOT alkyd topcoat
1  2-component water-borne cementitious primer— 3
Georgia DOT alkyd topcoat
1 1-component water-bome cementitious primer— 3
Georgia DOT alkyd topcoat

FRACTAL ANALYSIS ASSISTS
AGGREGATE CLASSIFICATION

Medical technology is known for
solving countless problems. Thanks to
some help from the Mayo Clinic,
transportation researchers may soon
be able to add pavement rutting to the
list.

The problem of rutting in pave-
ments has been studied extensively
through cooperative research with the
Texas Department of Transportation
(TxDOT) and the Federal Highway
Administration (FHWA), at Texas
Transportation Institute (TTI). Recent
work focused on the influence that
aggregates have on rutting in asphalt
concrete pavements. Joe Button, asso-
ciate research engineer in TTI’s As-
phalt Materials Program, has headed
much of this work.

Several factors contribute to rutting
on driving surfaces. One factor is air
pressure in tires. Pavement design
procedures are usually based on truck
tire pressures of 75 to 90 pounds per
square inch, but trucks often run tire
pressures greater than 100 psi. An-
other factor is the content of the driv-
ing surface itself. The researchers

knew that angular (crushed) aggre-
gates are more resistant to rutting than
smooth-surfaced rounded aggregates,
but presently there is no convenient
and reliable method to quantify angu-
larity of aggregate particles. This is
where Bob Lytton, head of TTI’s Ma-
terials, Pavements and Construction
Division, and Professor Len Li step-
ped in.

Li, a visiting scholar at Texas A &
M University from mainland China,
had spent 1989 at the Mayo Clinic in
medical imaging research. Being
aware of both the rutting study and
Professor Li’s work and the connec-
tion the two might have, Lytton got
the researchers together.

Li suggested they photograph the
aggregate samples and send them to
the clinic in Rochester, Minnesota, for
analysis. Li believed the clinic could
help classify the aggregates by apply-
ing the same analysis they used to
study textures in human organs.

The Mayo researchers used a
mathematical process known as frac-
tal dimension analysis in their work
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for TTI. The test can provide a pre-
cise description of a textured image.
Stated another way, the fractal dimen-
sion of a surface corresponds close
with the quality of “roughness.”

In their experiment, TTI research-
ers used photographs of jagged-édged
crushed limestone for one example
and smooth river gravel for the other.
According to their hypothesis, the im-
ages of crushed limestone would have
a higher fractal dimension than those
of the river gravel, and the difference
between their fractal dimensions
would be significant. Going a step
further, the fractal analysis could actu-
ally measure the degree of angularity
in the aggregate.

The analysis was found to clearly
identify and quantify texture in the
aggregates and the researchers con-
cluded that fractal analysis holds a
great deal of promise as a simple and
practical technique for studying and
quantifying aggregate surface tex-
tures.

Although the Mayo Clinic’s assis-
tance was essential in the advance-
ment, TTI researchers believe the ex-
pertise may not be needed again
directly. They hope to develop the
necessary components for conducting
fractal dimension analysis at TTI
laboratories in the future.

Adapted from Texas Transporta-
tion Researcher 26 (Fall 1990):6.
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Our TEX-AN Exchange # is 241.

D-10 LIBRARIAN RECEIVES
GOVERNOR’S RECOGNITION

Alvin R. Luedecke, Jr, P. E., Division Director of Transportation Planning,
presents Dana Herring with Governor's letter.

Dana Herring, D-10 Research Librarian, received recognition from Governor
Ann Richards for her hard work and support of libraries in Texas. The recognition,
given in conjunction with the celebration of National Library Week (April 5-11,
1992), states:

I am proud of your work at the Texas Department of Transportation and
of the great contribution you make to the effectiveness of state government.
The organizing, storing, and disseminating of information is one of the most
crucial functions of government, and it is you and other library personnel
who help Texas succeed in this area.

Transportation Planning Division director Al Luedecke, Jr., PE., made the pre-
sentation to Ms. Herring on April 23, 1992.
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