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HOT MIX ASPHALT CENTER BEGINS
INSPECTOR EVALUATIONS

The newly created Hot Mix Asphalt
Center, administered by the Texas Hot
Mix Asphalt Paving Association, began
evaluating the first class of asphalt spe-
cialist inspectors on 11 January 1993.
[See TQ7-3, “Certification of Asphait
Inspectors: Questions and Answers.”]
The HMA Center is not a training facil-
ity; it is a performance and procedure
evaluating center.

In order to have workable Quality
Control/Quality Assurance (QC/QA)
specifications, the Texas Department
of Transportation (TxDOT) and the
construction industry need uniformity
and consistency of inspection and
testing. A primary focus in all the ses-
sions of the week-long class is:
“Don’t guess at it; use your manual.
Tests are revised over time. Don’t rely
on your memory.” The format is
hands-on, and the evaluations are
open book — after all, that best simu-
lates field conditions. You are evalu-
ated on how you perform the tests,
rather than what the individual results
are.

The facility is spacious and well
lighted. The laboratories are furnished
with new or reconditioned equipment
leased from TxDOT and conforming
to all TxDOT requirements. The
nuclear asphalt density gauges are the

newest, ultrasafe low radiation type.
A lot of thought and planning has
gone into lab layout to provide set-
tings that seem familiar and are acces-
sible to the participants so that the
setting does not interfere with the
individual’s performance.

The evaluators are all highly expe-
rienced laboratory personnel who
have gone through an extensive quali-
fying program devised by TxDOT.
The HMA Center evaluators do not

certify people. They recommend indi-
viduals for certification to the Divi-
sion of Materials and Tests (D-9)
based on the individual’s class perfor-
mance. D-9 then accepts or rejects the
recommendation.

The 24 people in this first Plant
Operations (Level 1A) class represent
20 TxDOT districts and D-9. You’ll
notice the names of people with
twenty and thirty years experience in
the sidebar. That’s because TxDOT
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FIGURE 1: Dale Foster (on left) reviews sieve analysis
with a distinquished set of candidates.
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policy requires that only certified per-
sonnel be allowed to perform tests on
hot mix projects let under the new
QC/QA specifications, while it disal-
lows “grandfathering.” This class will
be the only one made up entirely of
TxDOT employees. Future classes
will contain an even mix of state and
contractor personnel.

A survey of the districts showed
“that over 1,300 TxDOT employees
need to be certified, and at least that
many contractors’ personnel. The
HMA Center can handle about 1,000
people annually — provided the
people are scheduled in the summer
months, not just in slack time. Classes
are already scheduled and filled
through April. There’s a backlog of
people waiting for classes scheduled
after April.

The QC/QA specifications are not
just “out there” sometime in a nebu-
lous future. The first five contracts to
be let under the draft QC/QA specs
will be let in March and April (Table
1). All testing personnel on these jobs
must be recommended by the HMA
Center and certified by D-9. In all but
the El Paso job, a special provision in
the draft specs allow contractors the
option to work under the incentive/
‘disincentive clauses. In El Paso, the in-
centive/disincentive requirements are
mandatory.

Data collected on these projects
will be used to refine the QC/QA
specifications. In 1994, 10 to 15 con-
tracts will be let under the revised
specification with the incentive/disin-
centive requirements being manda-
tory. The specifications will be refined
again, if necessary, before full imple-.
mentation in 1995. The revisions will
not affect the contracts let under the
draft specifications.

Get signed up to certify as soon as
you can; 1995 is not that far away!

@

TQ's paper includes 20% post
consumer waste in the total
fiber content.

TABLE 1: QC/QA projects for 1993.

DISTRICT

Abilene
8

Lufkin
11

COUNTY HIGHWAY PROJECT CONTROL LETTING

Nolan IH 20 IM 20-2 6-2-83 March

(167) 228 1993

Polk USS9 CPM 176-4-62  176-4-62 April

1993




QUALITY ASSURANCE: TOP MANAGEMENT’S TOOL FOR
CONSTRUCTION QUALITY

by Dr. Robert P. Elliott
Arkansas Highway and Transportation
Research Center
University of Arkansas

ABSTRACT

The consistent achievement of
high-quality construction requires a
strong commitment throughout the
highway agency. It is most important
that top management be committed to
quality and that the commitment be
conveyed to and perceived by the
agency’s inspection staff. Under tradi-
tional highway specifications it is
very difficult, if not impossible, for
management to consistently project
this commitment. The use of quality
assurance (QA) specifications can al-
leviate these problems. QA specifica-
tions can be a tool that aids top man-
agement in promoting and achieving
construction quality.

INTRODUCTION

Since the early days of highway
construction there has been an almost
continual effort to achieve and im-
prove construction quality. Until the
1960s, the efforts for quality were al-
most universally centered on the use
of traditional, method-oriented speci-
fications. However, in the 1960s some
agencies began to experiment with the
use of specifications that included sta-
tistically based acceptance provisions.
These specifications are commonly
referred to as quality assurance (QA)
specifications within the highway
community.

Many highway agencies have tried
QA specifications, and some agencies
use them routinely. Other agencies ei-
ther have not used them at all or have
tried them and then abandoned them.
The potential benefits of QA specifi-
cations are described, especially from
the perspective of top management
support for construction quality, in the
hope that more agencies will try the
QA approach and reap the potential
benefits. -

The use of QA, however, does not
guarantee that benefits will be real-
ized. Unless the QA specifications are
properly developed and implemented.
they may be no better (and can be
worse) than the traditional specifica-
tions they replace. This has clearly
been demonstrated by some of the
agencies that have tried and aban-
doned QA specifications....

INCENTIVE — THE SOURCE OF
QUALITY

To understand the benefits of QA,
one must begin by examining the fac-
tors that control construction quality.
Discussions on achieving construction
quality usually center on inspection,
testing, and sampling. In fact, the QA
specification approach emphasizes in-
spection, testing, and sampling, but
the manner in which these activities
are handled differs significantly based
on the following two facts:

1. Quality cannot be inspected,
sampled, or tested into a product.
It must be built in by the builder.

2. Quality occurs only if people
want, expect, and insist on.

The traditional specification seems
to assume that the actions of inspec-
tion, sampling, and testing somehow
create construction quality. However,
it is easily recognized that final con-
trol over the quality rests with the
contractor. The contractor operates the
equipment, places the material, and
performs all of the actions that result
in the final product. The contractor
must build in the desired quality if it
is to exist.

For the contractor to achieve qual-
ity, there must be adequate incentive
to achieve it. The contractor must
want quality, expect quality, and insist
on quality. The true thrust of the QA
specification is to provide an appro-
priate level of incentive for the
contractor to want to achieve the
needed quality.

Nevertheless, incentive is impor-
tant not just for the contractor. The in-
centive for quality must begin with
the designer. The designer must have
a strong incentive to design and
specify the required quality. The de-
signer who has a strong incentive to
produce quality designs will keep
abreast of the latest developments in
design methodology, material behav-
ior, and specification preparation.

The inspector must also have an
incentive to achieve quality. The in-
spector’s job can be tough and de-
manding. Without the proper incen-

“tive, it is frequently easier to ignore

and overlook deficiencies than it is to
insist on their correction. The ultimate
source of incentive for quality rests
with top management of the highway
agency. If top management is truly
committed to quality, that commit-
ment will filter down through the or-
ganization and provide the incentive
for the designer and the inspector. The
highway agency commitment will in
turn instill an incentive for quality in
the contracting firms. If top manage-
ment of the contracting firm is also
committed to quality, the achievement
of quality is virtually assured.
Conversely, when the highway
agency’s top management gives only
lip service to the achievement of qual-
ity, this attitude too is rapidly re-
flected throughout the organization.
Relaxing requirements in one case or
permitting one contractor to violate
standards rapidly erodes the incentive
for others in the agency to insist on
quality achievement. An inspector
who has rejected inferior work only to
see it accepted later finds it difficult
to insist on quality in the future.
Consequently, top management must
want quality, expect quality, and, most
significantly, insist on quality. But
more than this, top management must
present and demonstrate an attitude
that is perceived as supporting quality.
The perception” of commitment and
support is more important than the
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actual commitment itself; it is that
perception that is aided by the QA
specification.

To project the needed image of
support for quality, top management
must give every contractor on every
project fair and evenhanded treatment.
Top management must also insist that
the contractors abide by the contract
quality requirements. With the tradi-
tional type of construction specifica-
tion a fair, evenhanded treatment is
often very difficult; the projection of
fair treatment so that it is perceived as
such by the resident inspection staff is
nearly impossible. The QA approach
to construction specifications provides
a means by which top management
can deal with quality more easily,
more evenly, and more fairly. An ex-
amination of the two approaches dem-
onstrates how the QA specification
aids top management .

TRADITIONAL SPECIFICATIONS

Traditional specifications are pri-
marily method-oriented. That is, con-
struction methods and construction
equipment are specified in consider-
able detail and some specific “end-re-
sult” quality requirements are stated.
The specified quality requirements are
generally stated in absolute terms
without acknowledging or making
provisions for construction variability.
In addition, the monitoring of the
quality is relegated to the highway
agency’s inspectors.

Because of the limitations imposed
by the equipment and method require-
ments and because the quality moni-
toring is performed by the agency, the
traditional specification leaves little
contractor responsibility for the end
result as long as the appropriate meth-
ods and equipment are used. For ex-
ample, an asphalt specification may
contain specific requirements for den-
sity and mix composition. However,
under the traditional specification, the
mix proportioning and density testing
are performed by the agency’s inspec-

tion staff. If the mix and density are

later found to not comply with the
specification requirements, it is quite
difficult to demonstrate that the con-

tractor is responsible for the “out-of-
specification” result.

In addition, because of the tradi-
tional specification’s absolute nature,
its lack of guidance for handling of
out-of-specification construction, and
the degree of judgment required in its
enforcement, a large burden is placed
on both the inspector and the top
management of the agency. By its na-
ture, the traditional specification cre-
ates an adversarial relationship be-
tween the contractor and inspector.
As a result, the two parties directly
involved in the construction may of-
ten find themselves working against
one another. Management is some-
times forced to intervene and arbi-
trate. When this occurs, management
must tread a delicate line between sup-
porting the inspection staff and being
fair to the contractor. Rarely can both
sides be satisfied; it is perhaps just as
rare that management can project the
desired image of full support for high
quality.

Nevertheless, the traditional speci-
fication can work well when the in-
spector is knowledgeable, experi-
enced. concerned, and fair. However,

- a tough inspector can create undue

hardship for a contractor, and a lax in-
spector can permit acceptance of
grossly inferior work. Similarly, the
inexperienced inspector finds it quite
difficult to “police” the traditional
specification. Unfortunately, most high-
way agencies today are faced with a
rapid loss of experienced personnel and
forced to rely more heavily on inex-
perienced inspectors.

The traditional specification places
a large burden on top management of
the highway agency when a decision
must be made about out-of-specifica-
tion construction. Some construction
is so bad that the only choice is to re-
move and replace.

The decision to remove and re-
place is not too serious unless the
contractor contends that all method
requirements and inspector instruc-
tions have been followed. In that case,
the contractor can justly contend that
the cost of removal and replacement
should be borne by the agency. Top

management, recognizing that such a
contention will frequently hold up in
court, may be forced to pay for the re-
moval and replacement. This action is
usually perceived by the inspection
staff as rewarding the contractor for
inferior work.

The similar burden to top manage-
ment comes in those instances when it
is more desirable to leave the work in
place. When this occurs, some pay
adjustment may be negotiated. The
negotiation is rarely resolved to
everyone’s satisfaction. Again, the in-
spection staff often views the negoti-
ated adjustment as being too lenient
and top management as being “soft”
on quality.

Thus, regardless of whether the un-
satisfactory work is removed or a pay
adjustment is sought, a dispute usu-
ally develops that is not easily re-
solved. Also, how it is resolved can
affect the attitude (and incentive) of
the inspection staff. If the inspectors
perceive that top management has
“caved in” to the contractor, morale
and the quality of future work will
suffer. Unfortunately, this perception
is received much more frequently
than top management usually realizes.

QUALITY ASSURANCE SPECIFI-
CATIONS

QA specifications are designed to

alleviate the problems discussed. They
eliminate (or at least greatly reduce)
the adversarial relationship between
the inspector and contractor. They
tend to create a team atmosphere with
both the inspector and the contractor
looking for and working for the de-
sired construction quality. Also, they
provide a specific and automatic
method for handling out-of-specifica-
tion construction.
"~ Two important and distinguishing
features of the QA specification are
the recognition of construction vari-
ability and the inclusion of provisions
for handling out-of-specification con-
struction. In recognition of variability,
the sampling, testing, and acceptance
provisions in QA specifications are
based on statistical principles.
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A key question that has been faced
and answered with the development
of QA specifications is “Who really
controls quality?”

Quite obviously, the one who actu-
ally is doing the construction has the
true control over quality. The highway
agency may test, but it does not oper-
ate the plant, run the pavers, saw the
joints, or do any of the many other
operations that actually instill quality.

This fact has always been recog-
nized but under traditional specifica-
tions it has become obscured. With
quality testing being performed by the
agency, the contractors have come to
rely on the test results for process
control. For example, highway agency
proportioning engineers typically tell
the contractor what the plant settings
should be. By this action, the control
of quality is largely (if not entirely)
usurped by the inspector. With this
situation, the contractor’s responsibil-
ity for inferior quality, can be quite
questionable unless it can be shown
that the contractor did not follow the
directions of the inspector .

Process control is and should be
the responsibility of the contractor. In
recognition of this, QA specifications
place responsibility for quality control
testing in the hands of the contractor.
For example, tests to determine the
amount of water to add to a concrete
mix or to determine the gate opening
for an aggregate bin at an asphalt mix
plant are left to the contractor. The
highway agency performs tests only
for the purpose of accepting (or re-
jecting) the construction. With this ap-
proach, the contractor is clearly re-
sponsible if the desired quality is not
achieved.

The placement of process control
and quality control testing in the
hands of the contractor has been
viewed by many as revolutionary and
as an abandonment of the inspector’s
traditional authority. However, in the
early days of road construction in this
country, process control and testing
was the responsibility of the contrac-
tor. In fact, many of today’s tests for
asphalt concrete mix design and qual-
ity control are the outgrowth of the

quality control testing by the early
contractor .

A common misconception regard-
ing QA specifications is that their use
precludes the use of inspectors. This
is not true. Even with QA, inspection
is required. Many activities and qual-
ity details can be ensured only by
vigilance and observation. For ex-
ample, a QA embankment density
program can be quite effective. How-
ever, inspection is needed to ensure
that unacceptable foreign matter (e.g.,
tree limbs, stumps) is not incorpo-
rated.

The use of QA specifications can
be viewed as an attempt to put all the
players in the quality process on the
same team. Under traditional specifi-
cations, the inspector performs the
tests and instructs the contractor. In

The

too many instances, an adversarial re-
lationship develops. The inspector.
tries to ‘“catch” the contractor who
may be trying to avoid following
those instructions.

By placing quality control in the
hands of the contractor and “after-the-
fact” acceptance testing in the hands
of the inspector, they both begin to
strive for the same goal — construc-
tion that meets the required quality
standard. Thus the designer, the in-
spector, and the contractor become
partners on what might be called the
quality team.

The magical ingredient in a good
QA specification is incentive. For
anything to be accomplished, one
must have incentive. If contractors
have sufficient incentive to provide
quality, they will provide quality. The

@ U.S. Department of Transportation,
Federal Highway Administration and
TEEX

will be hosting the

S O UTH|{WES. T

W ORKSHOZP

at the

Arlington Convention Center
1200 Convention Center Drive
Arlington, Texas

on
March 30 - 31, 1993

This workshop addresses technical guidance for proper design,
construction and application of crumb rubber modifier technology.
It is intended to assist transportation agencies and the asphalt paving
industry choose the best GRM application for their area.

Registration

Conference fee: $50.00
(Includes all conference materials, lunch and all breaks.)

Please direct all questions to Nelson Evans at:
In-state: 1-800-824-7303

Ve

~ Out-of-state: (409)845-2966
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QA specification is designed to pro-
vide that incentive. The incentive as-
pects of the QA specification also
provide the means for handling out-
of-specification construction.

The QA specification feature that
serves this dual purpose is the accep-
tance/rejection process, which in-
cludes a pay adjustment provision. A
minimum acceptable quality level is
specified. If the acceptance testing
shows that this level has been met or
exceeded, the contractor is paid the
full bid price for the work. However,
if the quality is below the minimum
but not so poor as to require removal
and replacement, the contractor is
paid a reduced amount commensurate
with the quality. The amount of pay
adjustment is established by the con-
tract. There is no need to negotiate
and no decision to be made. The ac-
tions are determined before the fact
by the contract provisions.

Also, there is no question of re-
sponsibility. The contractor has per-
formed the process control testing,
has made the decisions on process ad-
justment, and has issued any instruc-
tions on plant settings. If the required
quality is missing, it is clearly the re-
sponsibility of the contractor

Some QA specifications go a little
farther in providing incentive to the
contractor. These provisions may in-
clude a bonus for superior quality.
The bonus provision usually results in
a stronger incentive for good quality
than does the price reduction provi-
sion. The achieving of bonus pay can
instill in every worker involved in the
project a sense of pride that is greater
than the monetary reward. (The carrot
usually works better than the stick.)

SUMMARY

The traditional highway specifica-
tion tends to create a situation in
which it is difficult (sometimes im-
possible) for top management of the
highway agency to project an image
of complete support for high-quality
construction. The method-type provi-
sions and the use of the inspection
staff’s testing for quality control cre-
ate conditions in which inferior con-
struction cannot always be rejected.

When this happens, the inspection
staff does not always understand and
may view the acceptance of the work
as a sellout. Even the negotiation of
price reductions for inferior work that
is left in place does not convey the
image of support needed because the
negotiated reduction rarely, if ever, is
commensurate with the level of inferi-
ority. '

The traditional specification also
tends to create an adversarial relation-
ship between the contractor and the
inspection staff that sometimes esca-
lates to the point that management is
forced to intervene and arbitrate.
When this occurs, top management
must tread a delicate line between
supporting the inspection staff and be-
ing fair to the contractor. Rarely can
both sides be satisfied; it is perhaps
just as rare that management can
project the desired image of full sup-
port for high quality.

Use of QA specifications can alle-
viate these problems. Less reliance on
method-type requirements and placing
quality control in the hands of the
contractor makes the contractor

clearly responsible for the quality of
the end product. The agency is not
forced to accept inferior work because
of a question of responsibility. In ad-
dition, the QA pay adjustment sched-
ule provides the contractor specific in-
centives for achieving the desired
quality and eliminates the need to ne-
gotiate adjustments when inferior
quality work is encountered. The QA
approach also tends to remove the
adversarial relationship between the
contractor and inspection staff. Con-
struction quality becomes a specific
objective of both parties.
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DID YOU KNOW...

Scientists at Toshiba Corp., Tokyo, Japan, have built a miniature, magneti-
cally levitated “transport system” using high-temperature ceramic superconduc-
tors. A linear-motor carrier, which contains the ceramic superconductors, is
levitated 5 mm (0.2 in.) above a 2.2-m (7.2 ft) long magnetic test track and
propelled along it at a speed of 25 m/min (82 ft/min). The 180-mm long x 120-
mm wide x 45-mm high (7x5x2 in.) test vehicle can carry a load of about 3 kg
(7 1b), which is twice its own weight.

Credit: “Technical Bulletins,” Advanced Materials & Processes 140 (Nov.
1991):14.

AVOID NEGATIVES AND ABSOLUTES

Avoid negative and absolute statements when you communicate with em-
ployees. Examples:

* Negative: “Why can’t you . . .” Positive: “What if we ...”

* Negative: “I hate it when . . .” Positive: Wouldn’t it be better if ...”

* Absolute: “He always says . . .” Non-absolute: “I’ve heard him say ...”

* Absolute: “Nothing ever gets done right around here.”
Non-absolute: “At times, we’ve had problems getting things done
right.”

* Absolute: “We must do it this way.” Non-absolute: “Here’s a good idea
to consider.”

Source: The Little Black Book of Business Etiquette, by Michael C.
Thomsett, AMACOM Books, 135 W. 50th St., New York, NY 10020 , as seen
in Communication Briefings (Sept. 1992):3.
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ROBOT TO FLAG ACCIDENTS

The Japanese public highway au-
thority has developed an “accident de-
tection robot” that can alert police and
emergency crews to an expressway
accident within two seconds. Report-
edly the first of its kind, the robot is
designed to alert rescue teams to acci-
dents near sharp curves and accident-
prone “black spots” where visibility is
poor. The Hanshin Expressway Cor-
poration says the robot will be ready
for use on its tollways by 1993.

Hanshin says it developed the
robot’s ability to identify accidents by
using four cameras installed at a
troubleprone spot on an expressway

for a month videotaping the thousands
of vehicles that passed. During analy-
sis of the videotapes, Hanshin re-
searchers detected patterns in sudden
directional changes, interrupted speed
and momentary disorientation in ve-
hicle movement that they were able to
teach a computer to recognize.

By linking the system with cam-
eras and television monitors, accident
“replays” can be produced that start
four seconds before a recorded acci-
dent. By tracking each vehicle’s
movement, police will be assisted in
pinpointing accident causes. The sys-
tem is expected to reduce chain reac-

tion accidents and enable ambulance
crews and tow trucks to gauge the
scale of an accident before they arrive
on the scene. Clean-ups will be
quicker and traffic jams will also be
reduced. In the four month test run
that ended [in 1991], the robot spotted
a total of 36 incidents, including 20
collisions, six sudden stops and five
instances where vehicles spun out of
control.

Source: Public Innovation Abroad
(November 1991), as seen in Wyoming
T2 Newsletter 8 (Spring 1992): 7.

CAR WARS — THE ENVIRONMENT CANNOT STRIKE BACK

by the Texas Water Commission

Rainfall runoff flushes loose par-
ticles and liquids from the ground into
our water supplies. These substances
combine into a mixture called nonpoint
source pollution that contaminates the
rainfall runoff which replenishes the
water supply we use for drinking, rec-
reation and scenery. EPA estimates
that nonpoint sources account for
more than half of the pollution in our
water supplies today. These sources,
called “nonpoint” because of their dif-
fuse, cumulative nature, generally can
be traced to irresponsible use or dis-
posal of pesticides and fertilizers,
household chemicals, paints or any-
thing else humans leave on the
ground. One very significant nonpoint
source of pollution is the automobile.

Just think of all the automotive
products you use that you would not
want mixed in with your drinking wa-
ter. Gasoline, motor oil, brake and
transmission fluid, antifreeze, battery
acids, tire residue and a host of sol-
vents, waxes and cleaning chemicals
are common water pollutants. You
would not knowingly mix any of

these products with your drinking wa-
ter, but do you every inadvertently
rinse them from your driveway into
the street gutter, or otherwise leave
them on the ground for the rain to
wash into the nearest drainage ditch?

Used motor oil is estimated by
some experts to comprise at times as
much as 40 percent of the pollution in
American waterways. Leaking crank-
case plugs, defective valve cover gas-
kets and the illicit disposal of used oil
contribute an estimated annual aver-
age of 240 million gallons to the envi-
ronment nationwide. The answer: re-
pair leaks and dispose of used oil
properly by taking it to a service sta-
tion or other recycler.

Antifreeze is a toxin which serves
a legitimate function in the radiator,
but when spilled into the environment
(a particularly illegitimate use of anti-
freeze) its sweet taste attracts, and can
kill, animals. Simply hosing drained
radiator contents into the gutter rinses
poison into an environment that can
no longer dilute all the stuff we put
into it. Some radiator shops will ac-
cept waste antifreeze even though
they don’t like to advertise it (it costs
them money to have a recycler pick it

up from them). For our children’s
sake, locate a business that will accept
it or save it until a local or regional
hazardous waste collection day.

Consider also the engine solvents,
tar or grease removers and other tire
and upholstery cleaners used in
America’s driveways that often end
up in our water. It may be impossible
to collect the rinsewater after using
these products, but we must recognize
the connection between them and wa-
ter pollution, and learn to be frugal in
our use of these materials or use less
toxic products. The automobile is an
entrenched part of American culture,
and likely to remain so for many
years. As population and traffic both
increase at astronomical rates, so too
does our responsibility as motorists to
recognize how our use of the automo-
bile affects the very water we depend
on.
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DOES HOV LANE CONSTRUCTION REALLY

by Christopher K. Leman
Executive Director
The Institute for Transportation and
the Environment
(a nonprofit research and education
organization based in Seattle)

With the November 1992 deadline
for revision of state air quality plans
under the federal Clean Air Act of
1970, the air quality impacts of build-
ing new HOV lanes will be receiving
increasing attention. Many proponents
argue that HOV lane projects will
benefit air quality as the lanes attract
more people into carpools and transit,
thus reducing trips and miles traveled.

But will the new lanes be HOV for
long? Once a new facility is opened,
the pressure is on. Contrary to origi-
nal planning, Houston’s HOV lanes
were opened up to 2+ carpools. Only
the Katy Freeway has been returned
to 3+, and only in the peak hours. The
HOV lanes on IH-5 north and IH-90
east of Seattle are now operated at 2+,
even though funding and SIP approv-
als specified 3+. Lanes that were
originally constructed exclusively for
buses have been opened to HOVs in
Los Angeles and Northern Virginia.
New lanes on the San Diego Freeway
and the Ventura Freeway that were
originally proposed for HOVs were,
upon construction, opened to general-
purpose traffic. In approving a transit
or HOV facility without guarantees,
air quality regulators may eventually
get a general-purpose facility that they
would never have agreed to.

If the newly constructed lanes stay
HOV, will they improve air quality?
The California Air Resources Board
(CARB) believes that they will. The
CARB’s May 1991 report, High Oc-
cupancy Vehicle System Plans as Air
Pollution Control Measures, suggests
that if sufficient HOV lanes are built
to bring average vehicle occupancy
up to 1.5 by 2000, on-road motor ve-
hicle emissions in California cities

CLEAN THE AIR?

will decrease by 5 to 10 percent.
Emissions would go down because of
fewer miles traveled and reduced con-
gestion. (A critique of CARB’s May
1991 report is available from Robert
Johnston, Division of Environmental
Studies, UC-Davis, Davis, Calif.
95616.)

Others argue, however, that HOV
lane construction will degrade air
quality, especially if the horizon is 20
years or more. An added HOV lane
frees more space on general-purpose
lanes for latent demand from solo
drivers, who also — despite the best
enforcement efforts — illegally use
the HOV lanes in significant numbers.
Unlike a transit lane, an HOV lane
can actually weaken transit by attract-
ing its riders into carpools, as
Boston’s Southeast Expressway HOV

lane study and Oakland’s HOV lane

master plan study warn.

Some respond that the increase in
SOV travel on a highway newly
served by an HOV facility is less than
the resulting decrease in SOV travel
on nearby arterials and other streets.

- Obviously, the SOV and air quality

impacts of each HOV project must be
analyzed carefully. According to
EPA’s Transportation Control Mea-

sure Information Documents (1992), ’

the high emissions typical of short
trips mean that HOV trips' fed by
park-and-rides do not benefit air qual-
ity. The advantage assumed for high
speeds in HOV lanes may also not
withstand recent CARB findings that
emissions are actually higher at such
speeds than at 30 to 40 MPH.

There is a way to create HOV
lanes without promoting more SOV
travel. Converting an existing general-
purpose lane to HOV creates the
greatest incentive to switch from solo
driving and is far cheaper to imple-
ment. Short-term carbon monoxide
problems (which are likely because of
increased congestion on the remaining
general-purpose lanes) are sometimes

held against this alternative, even
though it would almost certainly do
the most in the long run to reduce car-
bon monoxide, ozone, and other air
pollutants.

Many in the HOV field believe
that drivers would fight conversion, as
they did Caltrans’s abortive 20-week
conversion of lanes on the Santa
Monica freeway. But that effort was
poorly managed and marketed. It oc-
curred more than 15 years ago, before
many drivers had even heard of HOV
lanes. And southern California drivers
are hardly typical of those in other

_parts of the country. In fact, in north-

ern California, other states, and
Canada, some ramps and arterial and
highway lanes have been converted to
HOV from general-purpose lanes
without incident. It does not appear to
be the place of engineers and planners
to make judgments about what alter-
natives to exclude from the public
agenda. Elected leaders and the public
need to be given all the options and
comparisons of their long-run im-
pacts.

Air quality regulators will need to
be cautious about proposals that HOV
lane construction be favored as a
transportation control measure in state
air quality plans. The stakes are high.
HOV construction could be a key to
cleaner air. Or, in the name of air
quality, could lead us farther from that
goal.

For more information, contact Chris-
topher Leman, Institute for Transporta-
tion and the Environment, 85 East
Roanoke, Seattle, WA 98102, (206) 322-
5463.

Reprinted with permission from
TRB Newsline 18 (Sept. 1992):3,
Transportation Research Board, Na-
tional Research Council, Washington,
D.C.

)
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FLASHING PADDLE GETS DRIVERS’ ATTENTION

Flaggers often have trouble getting
the attention of drivers as they ap-
proach a work zone. Naturally, work-
ers depend on the flagger to prevent
disastrous accidents.

The new Flashing Stop/Slow Paddle
developed by SHRP has two high-inten-
sity, quartz halogen lamps that drivers
can see from as far as 1,000 feet
away. If cars don’t appear to be slow-
ing, the flagger operates the lights by
pressing a button on the side of the
paddle pole. The lights flash alter-
nately 10 times, and then the sign au-
tomatically resets. Ten rechargeable
D-cell batteries in the handle of the
paddle provide all the needed power.

The Flashing Stop/Slow Paddle is
larger than the standard paddle: 24 by
24 inches, rather than 18 by 18. It is
mounted on a 5-foot staff so the
flagger’s arm is not fatigued by the
extra weight.

SHRP-sponsored closed-track and
open-road tests of the new Stop/Slow

N1 7

Paddle showed that the sign was not
only more visible to drivers, but also
resulted in quicker reactions and ear-
lier braking. Texas Department of
Transportation’s San Antonio and
Austin Districts participated in the
field tests. They used the new device

in routine daily maintenance situa-
tions for up to two months with excel-
lent results. Both districts reported
that cars reduced their approach
speeds significantly without increas-
ing traffic conflict due to sudden
braking actions.

The Federal Highway Administra-
tion (FHWA) still considers the Flash-
ing Stop/Slow Paddle to be experi-
mental. TxXDOT is awaiting FHWA's
approval for general use of the device
before purchasing large numbers. Un-
til the approval comes through, dis-
tricts might consider using a larger
plain paddle (24 by 24 inch) on a 5-
foot staff as a means to improve
driver awareness. For more informa-
tion, contact Mr. Lewis Rhodes PE.,
D-18TS, (512) 416-3330, Tex-An
249-3330.

The bulk of the article was ex-
cerpted from SHRP Product Alert 8
(July 1992): 1-2.

TRUCK-MOUNTED ATTENUATORS (TMAs):
A RESEARCH SUCCESS STORY

by Mohanan Achen
Center for Transportation Research
The University of Texas at Austin

INTRODUCTION

Originally, impact attenuators or
crash cushions were developed to re-
duce hazards associated with fixed
roadside objects. The success of fixed-
site crash cushions was followed by
the development of mobile systems.
These systems were attached in a va-
riety of designs to work vehicles to
protect department personnel, equip-
ment, and the public from injury and
damage caused when errant vehicles
crash into highway operations equip-
ment. Truck-mounted attenuators
(TMAs) refer to portable crash cush-
ions which can be suspended or canti-
levered from the rear of work ve-
hicles.

The motivation for the develop-
ment of these portable cushions was
the high rate of accidents during high-
way work or in work zone areas. Ac-
cident rates for maintenance workers
on slow-moving, on-the-road opera-
tions are three times greater than other
work settings and between 1982 and
1987, the number of construction zone
fatalities increased 43 percent nation-
ally [Ref. 1].

There are significant benefits in us-
ing TMAs. A 1985 report on highway
safety devices by TxDOT estimated a
savings of $23,000 per accident in in-
jury and damages for a vehicle hitting
a TMA instead of an unprotected ve-
hicle [Ref. 3].

The forerunner of today’s TMA
was a crash cushion trailer developed
in 1972 by Texas Transportation Insti-
tute (TTI). It absorbed energy using
thirty 20-gauge, 55-gallon steel drums,

three drums wide and ten drums long.
The TTI crash cushion trailer was
22.5 feet long and 5.8 feet wide and
weighed 2,010 pounds [Ref. 2]. Like
many first attempts, it wasn’t entirely
successful.

WHICH ONE IS BEST?

Many other systems have been de-
veloped through various research pro-
grams since the TTI crash cushion
trailer. In comparison with the origi-
nal TMAs, the newer models are
lighter and are more maneuverable.
Newer models mount and unmount
from trucks more easily. Improve-
ments like the tilt-up option with a
manual or hydraulically operated
locking devices are common. Manu-
facturers claim their devices provide

Continued on page 20.
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MIDLAND BRIDGE YIELDS VALUABLE INFORMATION ON

by Kathleen M. Jones
Research Section
Division of Transportation Planning
Texas Department of Transportation
and Gregg A. Freeby, P.E.
Associate Design Engineer
Division of Bridges and Structures
Texas Department of Transportation

INTRODUCTION

Fatigue cracks in a multigirder (4
or more closely spaced girders) steel
bridge are a serious maintenance
problem, though not usually one that
should panic people into closing the
bridge immediately without further in-
vestigation. Plain multigirder bridges,
after all, are not fracture critical struc-
tures. Fatigue cracks take stress and
time to propagate. The crack you
found during today’s inspection did
not occur last night, in all likelihood,
and probably won’t be measurably
longer tomorrow. This fact does not
mean you can ignore fatigue cracks.
They are a serious problem, and they
do need to be repaired, but in most
cases the bridge does not need to be
closed.

In order to successfully repair a fa-
tigue crack, a structural engineer must
determine what initiated it. If the

FATIGUE CRACKING

FIGURE 2: Example of fatigue cracking around connection plates and the welds
on the bridges.

originating stress is not relieved, the
welded repair detail will crack like its
predecessor. Constantly repairing a
chronic cracking problem drains
maintenance funds. Two related Texas
research studies attacked evaluating
and successfully repairing chronic fa-
tigue cracking in existing bridges.
This article presents some useful re-
sults from both studies.

FIGURE 1: Researchers and TxDOT staff prepare the IH-20 Midland County
bridges for testing.

SCOPE OF RESEARCH

The IH-20 Midland County bridges
(Fig. 1) in Odessa District (District 6)
have experienced repeated fatigue-re-
lated problems (Figs. 2 and 3). Distor-
tion caused these problems — the re-
sult of unintended interaction between
the longitudinal girders and the cross-
frame diaphragms (Fig. 4). The bridge
was in no immediate danger of col-
lapse, however. So, the Texas Depart-
ment of Transportation (TxDOT) con-
tracted with Texas Transportation
Institute (TTI) to investigate the
source of the cracking and devise a
permanent repair in Research Study
1313, Evaluation and Repair of Fa-
tigue Damage to Midland County
Bridges. A follow-up study, Repair
Procedures for Fatigue Damage in
Steel Highway Bridges (TTI 1360) is
reviewing and categorizing fatigue
cracking in Texas bridges, developing
repair procedures tailored for TxDOT,
and providing a means of identifying
potential fatigue problem areas so
they can be remedied before fatigue
damage occurs.

10
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CONSTRUCTION DETAILS

The 1H-20 Midland County bridges
are east- and westbound multiple steel
girder spans on a 60 degree right-
hand skew located at the junction of

Connection Plate

Diaphragm
Lower

y
/
7
/
’
/
/
/
’
/
A
;
v
A
’
/
7

IH-20 with US 80 and the Missouri
Pacific Railroad. Built of four 48 inch
deep plate girders in 1966, the struc-
tures were widened with a fifth girder

on the shoulder side of each span in
i
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FIGURE 3: Schematic of crack development at unstiffened web gap.
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FIG. 4: Web gap distortion.

Web —

1983. Transverse web stiffeners were
placed at 5-foot intervals with cross-
frame diaphragms at 15-foot. intervals.

Problems

Original construction included two
types of diaphragms, B and C (Figs. 5
and 6). The ends of the diaphragm
diagonals were welded to either the
upper or the lower struts without the
use of a gusset plate. Also, the ends
of the connection plates were not rig-
idly attached to the girder tension

. flanges. Instead, they were a tight-fit

detail — a common corstruction
practice in the 1960s.

- The diaphragms used in the 1983
widening were Type Bs with the top
strut eliminated. Again, the ends of
the connection plate were not con-
nected rigidly to the tension flange.
This time they were provided with a
l-inch web gap. The total of 400 dia-
phragms in this pair of bridges means
that 800 connection plates existed
without rigid attachment to tension
ﬂ’anges. Additionally, due to girder
misalignment and other 1983 con-
stguction imperfections, many dia-
phragm connections are offset be-
tween girders 4 and 5.

PROBLEM ID

In July 1990, an inspection report
inventoried 109 cracks on the girder
webs and the web-to-flange welds, as
well as failures of diaphragm-to-dia-
phragm stiffener connections (Fig. 7).
The cracking was related to the num-
ber of live loads the bridges had expe-
rienced, the three-dimensional out-of-
plane bending these loadings caused
in the unstiffened web, and the high
local bending stresses in the offset,
eccentrically loaded diaphragms. This

TQ8-1
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FIGURE 6: Schematic of existing type C diaphragm.
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FIG. 7: Detail of failed diaphragm

connection.

sort of distress seems to be common
in many heavily skewed steel bridges.

Dynamic Load Testing

TxDOT personnel fitted strain
gauges in suspect areas (Table 1 and
Fig. 8). A TxDOT truck of known
weight and axle configuration pro-
vided the known load condition. The
driver isolated himself from normal
traffic, maintained a constant speed of
50 MPH, and remained in a desig-
nated lane for each specific pass.

The most significant lane position
was the center of the driving lane.
This lane is the predominate truck po-

sition for the bridges and the one the
field analysis of the strain gauges
showed to have caused the distortion
problems. The other truck positions
shed light on the overall bridge be-
havior, however.

In addition, strains were recorded
for several tractor semitrailers for
Gage Groups 4 and 6. While the
weights of these vehicle are unknown,
researchers were able to observe the
bridge’s behavior under normal truck -
traffic.

Dynamic Load Testing Results

The recorded stress ranges indi-
cated that the eccentric diagonal con-
nections induced high local bending
stresses into both the upper and lower
diaphragm struts. The magnitude of
the stress are high enough to cause fa-
tigue cracking of the type observed in
the diaphragm members. The stress
measurements also indicated that the
upper strut was nonload bearing under
service conditions. (This fact was used
in the redesign of the diaphragms.)

Finite Element Analysis

Finite - element analysis models
provide a theoretical way to assess
various parameters, in this case, ones
contributing to distortion-induced fa-
tigue such as girder spacing, dia-
phragm spacing, and severity of the
skew.

Researchers developed a three-di-
mensional finite element model of the
tested span and correlated it with the
field measurements. From this “as-
built” model, they developed three
others: one with all type B dia-
phragms removed, one with all the
diaphragms removed, and one with a
staggered pattern that attempted to
maintain the original load distribution
of the structure, while reducing the
number of repairs necessary. For all
four finite element models evaluated,
researchers passed a unit axle loading
of 10 kips over the structure in the
driving lane and developed influence
lines.

Finite Element Results
The largest deviation in flange
stress occurred in the “all diaphragms

12
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the concrete deck because the actual
slab stress values are low.

Based on the load testing and the
finite element analysis, the research-
ers recommended that all the dia-
phragms be removed and replaced
with a modified diaphragm (Fig. 9)
placed in a staggered pattern that
would eliminate the bending stresses

removed” model. The “type B dia-
phragms removal” and the staggered
pattern models showed less deviation
of stress, and therefore, researchers
considered these two models more ac-
ceptable solutions. However, the finite
element analysis showed that dia-
phragm removal should not have a
harmful effect on the serviceability of

TABLE 1: Summary of gage group locations.

GAGE GROUP NUMBER DESCRIPTION OF GAGE GROUP LOCATION

1 Type C' diaphragm members, diaphragm number 40, bay D,
positive moment region.

3 Type C diaphragm members, diaphragm number 43, bay C,
negative moment region.

5 Bottom flanges and diaphragm lower struts at diaphragm Line 40
EASTBOUND
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FIG. 8: Schematic of gage placement.
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FIGURE 9: Schematic of modified interior diaphragm designed during 1313.

that had started the fatigue cracking.
The repair job was designed and let
on that plan.

REMOVE ALL THE DIAPHRAGMS?

Was the finite element analysis too
conservative or too liberal? Could all
the diaphragms be removed perma-
nently on other similar bridges with-
out affecting the lateral stability of the
bridge? Certainly diaphragm removal
solves the two major types of fatigue
cracking afflicting these structures:
web gap cracking and diaphragm
member cracking. Also, removal with-
out replacement is less costly.

One unquestionable way existed to
prove whether or not bridge types
similar to the Midland County bridges
needed any diaphragms at all: a full-
scale field test. When the contractor
removed all the diaphragms on the
eastbound bridge, the researchers re-
tested the bridge’s behavior. Prelimi-
nary results from this field data indi-
cate that it might be possible to
remove the diaphragms entirely from
a similar structure. Early results on

.the behavior of the modified dia-

phragm also look good.

IMPLEMENTATION OF REPAIRS

Types of Repairs

Once the contractor removed the
old diaphragms, the crews began to
repair cracks in the girder webs and
flanges. The researchers recom-
mended that three types of repairs be
used (Table 2). Twelve locations with
similar crack patterns were repaired.
Four locations used type 1, four used
type 2 and four used type 3. All
cracked flange-to-web welds had 1-
inch holes drilled from the frontside
with the holes centered on the crack

~ tip. The long-term performance of

these repairs will be monitored under
Research Study 1360 as well as rou-
tine inspections.

Construction

The following series of photos
show how the repairs were carried out
and what they looked like when fin-
ished (Figs. 10 to 16).

TOg-1
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TYPE DESCRIPTION

TABLE 2: Three types of repairs.

TYPICAL DETAIL

CONSIDERATIONS

‘I Air arc gouge and reweld. -1 e Difficult to do well in the field

Gouge entire length of crack and weld. * May induce new, uncalculated stresses

Grind flush. ® Cracks that extend completely through

the web must be backgouged
* Replaces lost cross section
) S » /
> Flange ——
FRONTSIDE e T

2 Flame cut. F/L * Fairly easy

Flame cut shaded area of web plate from e Effective

the backside. Grind edges smooth.

Limits of
/ Flame Cut

{

* May remove too much cross section in
rare cases

e When cracks are associated with a
stiffener, as they were here, a portion
of the stiffener must be removed from
the frontside. (See example.)

— Flange
FRONTSIDE M
3 Drill crack tips. v * Easy ‘
Drilt holes at crack tips. Grind smooth * Effective
any overlaps to form slots. _A portion of * When cracks are associated with
the stiffener stiffener, a portion of the stiffener
on the frontside must be removed from the frontside.
must also be
Ny removed Example:
S - Z Cut diaphragm
(\ :x:/\ Stiffener—._ lower strut
B £ Web '|-
Asreq'd.—
FRONTSIDE i
. Flange — ﬂ
.
] [ 1=
Backside I Fronside

SLOT DETAIL

Grind off
Overlap

Finished Slot

4N\ Nn—Pp
(.

For locations repaired by flame cutting or
hole drilling, shaded portion of stiffener
shall be removed and ground smooth.
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FIG. 10: Both ends of toe weld cracks FIG. 12: Typical finished type 1
were drilled in all three types of welding equipment for air arc gouging repair.
repairs. and flame cutting respectively.

FIGURE 15: Smoothing overlapping drill holes to form slots. FIGURE 16: Typical finished type 3 repair.
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WHAT HAPPENS NEXT?

Currently TxDOT and TTI person-
nel are in the middle of cataloging
and categorizing fatigue-prone details
in Texas steel bridges. They will iden-
tify suitable (preferably nondestruc-
tive) crack detection methods for fa-
tigue-prone connection details. Also,
they will develop guidelines for struc-
tural engineers detailing economical
comprehensive repair procedures for
the common types of fatigue damage
found in Texas.

A laboratory test program will
evaluate repair procedures for details
unique to Texas or details that have
not been adequately tested to date.
Various welded repair schemes will
be made at the laboratory under simu-
lated field connections. Each speci-
men will be subjected to constant
cycle loading to ensure the design has
adequate fatigue strength.

BENEFITS

The most obvious immediate ben-
efit of Research Studies 1313 and
1360 is the repair of the Midland
bridges and the design of a modified
cross-frame diaphragm with a stag-
gered placement that should not
reinitiate fatigue cracking.

Future benefits will include:

* Guidelines for comprehensive
identification and repair proce-
dures of fatigue-proning photo-
graphs and sketches for clearer
understanding, to be used by
both TxDOT and contract engi-
neers.

¢ New method for estimating re-
maining fatigue life. While
Texas has already developed a
practical piece of equipment for
field testing remaining life of
existing structures, the math-
ematical models used need im-
provement. The current proce-
dures, developed in NCHRP
299, Fatigue Evaluation Proce-
dures for Steel Bridges, often
yield negative remaining fatigue
life, even when field test data is
used, for details that are not
showing any signs of distress.
The finite model analysis cali-
brated to actual bridge stress

data will be used, in part, to im-
prove the fatigue life models.

Fatigue life extension proce-
dures for preventive mainte-
nance. Used before significant
fatigue damage has occurred on
details whose estimated fatigue

damage exceeds its fatigue

strength, these procedures are

often less complicated and more
economical than the repairs re-
quired for fatigue cracking. Pos-
sible procedures include toe
weld peening or grinding.

CALL

FOR
PROBLEM
STATEMENTS

The Research Section of the Division of
Transportation Planning (D-10R) is
soliciting problem statements for possible
study under the department's cooperative
research program.

Input is needed from employees whose
transportation-related problem could be
solved if professionals were able to devote
enough time to its study. Employees are
invited to submit a short description of
their problems (one page or less) to D-10R
by May 3, 1993.

Problem statements will be evaluated by
subject-area committees and by the
department's Research and Development
Committee. Selected problem statements
will be sent to universities for conversion
into research proposals, which are again
reviewed by the Research and Development
Committee. Those approved by the
committee will become research studies on
September 1, 1994. Problem statements
should be submitted by May 3, 1993 to:
Mr. Alvin R. Luedecke, Jr., P.E., Director of
Assistant Transportation Planning, TxDOT, Division
Research Administrator  of Transportation Planning, Attn: D-10R,
P.O. Box 5051, Austin, Texas 78763.
Questions may be directed to Ms. Lana
Ashley or Ms. Sylvia R. Medina at

TxDOT (512)465-7404 or TxAn 241-7404.

by Lana Ashley

Research Section
Transportation
Planning Division

1£
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SUMMARY

Fatigue cracking in multigirder
steel bridges is a serious problem,
even though it usually does not mean
the bridge is in immediate danger of
collapse.

Research Study 1313 provide a
much-needed answer to the problem
of out-of-plane distortion fatigue crack-
ing in the webs of heavily skewed
multigirder steel bridges. Odessa dis-
trict implemented the three types of
crack repairs and the staggered dia-
phragm pattern using the modified
diaphragms developed in the study.

Research Study 1360 will:

* monitor the long-term per-
formance of the Midland bridge
repairs, develop a catalogue of
fatigue-prone details along with
guidelines on how to identify
and repair them in cost-effec-
tive, practical ways,

* develop and test new welded
retrofit details,

* improve methods of estimat-
ing remaining fatigue life,
and

e examine methods to extend
fatigue life in details prior to
fatigue damage.

DOCUMENTATION

I. Bloschock, M. J. “Implementation Plan,
Project 2-5-91-1313.” Memo to Re-
search Section, 31 January 1992.

2. Design Section, Division of Bridges and
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portation (TxDOT). “Activity 302,
Funds for Interagency Contract Bridge
Repair of Eastbound and Westbound
Structures, Midland County, CSIJ:
0005-15-003, 1H-20.” Memo to Byron
C. Blaschke, P. E., 23 May 1991.
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Midland County Bridges (Draft), Tx-
92/1313-1.
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Contract 2-5-93-1360, Repair Proce-
dures for Fatigue Damage in Steel
Highway Bridges.
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FIRST SMA EXPERIENCE IN TEXAS

by Paul E. Krugler, P. E.
Asphalt Pavement Engineer
Division of Materials and Tests
Texas Department of Transportation

OVERVIEW

The Texas Department of Trans-
portation has considerable interest in
the stone matrix asphalt (SMA) con-
cept primarily for its rutting resistant
potential. After viewing the placement
of SMA in Michigan and Maryland,
the Fort Worth District finalized
plans, prepared the mix design, and
constructed the first SMA project in
Texas.

The project planning required
SMA placement on two existing
pavements. The first is the 2.2-mile
Business Loop to IH-35 through the
small city of Alvarado. One inch of
the existing pavement was milled and
approximately 1 1/4 inches of SMA
was placed on both the single north-
and southbound lanes. The traffic
level is between 3,000 and 4,000
ADT (annual average daily traffic)
through Alvarado. The second place-
ment location is a 3.9-mile section of
State Highway 171 running northwest
just outside of Cleburne. This is a
two-lane rural roadway ecarrying be-
tween 2,000 and 3,000 ADT. Approxi-

mately 1 1/4 inches of SMA was
placed on both lanes and shoulders.
Both existing pavements were aged to
the point that they were generally de-

teriorating. The Alvarado section was

distressed to the point that it was
milled both to remove existing mate-
rial and to improve ride quality.

MIX DESIGN

The mixture was composed of a
blend of three limestone coarse aggre-
gate stockpiles, a limestone dust min-
eral filler, an AC-20 asphalt cement,
Wetfix 300 antistrip, and Arbocel cel-
lulose-fiber/asphalt pellets (0.3 per-
cent fiber by weight of the mixture).
The coarse aggregate was a relatively
hard limestone, having a-Los Angeles
Abrasion loss of 25 percent, and it
had a good angular, blocky shape.

The optimum asphalt content was

found to be 6.0 percent by weight us-

ing 50-blow Marshall compaction.
The Texas gyratory compactor
seemed to overdensify and also de-
grade aggregate in the specimens. The
Marshall hammer was used for this
reason. While fiber/asphalt pellets
were used for plant production, a cor-
responding amount of loose fiber was
used in making the laboratory design
mixtures. This change facilitated the

mixing and fiber dispersion processes.
Otherwise, standard mixing and test-
ing procedures were used.

CONSTRUCTION

Plant Operations

The contractor for the project was
Duininck Bros., Inc. He used a Bar-
ber-Greene drum plant which in-
cluded a mid-drum RAP collar. The
fiber/asphalt pellets were metered
onto a belt which introduced them
through the RAP collar. The mineral
filler was stored in a lime silo; the ad-
dition rate was controlled through
continuous weighing of the weigh pod
below the primary storage silo. The
filler was blown into the drum 13 feet
from the discharge end and 1 foot af-
ter the addition of the asphalt cement.
This system was successful in keep-
ing the majority of the filler in the
mixture, although some was lost and
ended up in the wet scrubber settling
pond.

Plant production began on August
26, 1992, with one truckload of trial
mixture. Besides laboratory testing,
the contractor placed the mixture with
a paver in his plant yard to get a look
at how it would handle on the road.
This is recommended for any contrac-
tor doing first work with SMA. No
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job-mix formula adjustments were
thought necessary based on the trial
mixture.

Project production began the next
day with 1,333 tons being placed. The
plant operated at 260 TPH. Eight days
of production were necessary to com-
plete the project. Only one adjustment
to the job-mix formula was required.
That was to raise the asphalt content
by 0.2 percent. The only significant
cold feed adjustment was made at the
beginning of the second day. The min-
eral -filler feed rate was increased to
get the desired quantity of passing No.
200 material into the mix. The effec-
tiveness of that adjustment and the

relative consistency of fines in later
production can be noted in Table 1.

Testing

The produced mixture was fully
tested at the plant laboratory. All daily
field test results may be found in
Table 1. Production testing found the
mixture to generally be in close com-
pliance with the mixture design. The
exception was the asphalt content.
The rather erratic nature of these re-
sults cannot be fully explained. Nei-
ther the appearance of the mixture nor
other test results indicated that the as-
phalt content was actually varying to
the extent shown. The asphalt content

TABLE 1: SMA ﬁeld testing results.

was determined by centrifuge extrac-
tion using SC-150 solvent.

Additional specimens were com-
pacted each day using 50-blow
Marshall compaction. These were
shipped to the Division of Materials
and Tests for additional testing. This
testing included:

o density,

. Hveem stability,

. Marshall stability and flow,

e - indirect tensile strength, and

. static creep.

The static creep test was performed
at 104°F with a load of 10 psi for 60
minutes and a relaxation period of 10
minutes. Creep stiffnesses, permanent

103 121 9.2
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TABLE 2: SMA Central Lab testing results, US 377 Johnson Co. CSJ 80-4-67, etc.

Design Laboratory Marshall Marshall Tensile Creei) Permanent Slope of Recovery
Production Asphalt  Density  Hveem  Stability Flow Strength ~ Stiffness Strain ~ SS. Curve Efficviency
Stability (Ibs) (in/100) (psi) [Ibs/in(2)] (in/in)  (in/in/sec) (%)

Date (%) (%)

8/28/92 6.0 95.7 28 1,008 14 193 9,05’{ 3.0E-04 1.8E-08 71.3
8/31/92 6.0 94.0 31 817 13 126 8,14 2.8E-04 1.9E-08 76.8

9/10/92 6.2 93.9

6.2

strains, slopes of the curves and re-
covery efficiencies were determined
from the creep test results. The results
of all of these tests are shown in
Table 2. :

The average Hveem stability of 28
— compared to the rather promising
results from the other tests — is evi-
dence that Hveem stability is not a re-
liable indicator of rutting resistance
for SMA mixtures. Frictional charac-
teristics of the fine aggregate fraction
may play a significant role in Hveem
stability. The absence of much of
these fines may cause lower test val-
ues, yet rut resistance may be good
because of the coarse aggregate skel-
eton.

Roadway Operations

The mixture was hauled to the

27

laydown sites in bobtail and live-bot- -

tom trucks. All trucks were required
to have insulated haul beds and use
covers during transit to preserve heat.
The mix temperature in the truck at
the plant ranged in the area of 275°F
to 315°F. The farthest laydown site
was a 36-mile haul. Temperature loss
during the haul was minimal; no as-
phalt migration was noted; and the

803 17 128

mixture came out of the trucks
cleanly.

The surface to be overlaid was
tacked with 0.018 to 0.020 gal/SY of
diluted, polymerized SS-1 emulsion.
The dilution was 60/40 emulsion/
water. )

Placement was accomplished with
standard paving equipment. Although
it handled well through the paver,
handwork and raking were very diffi-
cult. Handworked areas were fre-
quently obvious.

Compaction was easily accom-
plished with 2 to 3 passes of a steel
wheeled roller. Rolldown of the mat
was quite minimal as the aggregate
was simply being “seated.” In-place
densities, or field air void levels, were
generally good, averaging 7.8 percent
air voids for the entire project. The
daily air void levels may be found in
Table 1. The 13.4 percent air voids
found on the second day of placement
was believed to be related to cooler
mixtures arriving at the laydown site,
higher passing No. 200, and perhaps
slightly lower asphalt content.

The fresh mat could be opened to
traffic within 15 to 30 minutes of the
completion of rolling. A dilute

10,637 3.2E-04 2.4E-08 67.5

7,691

3.5E-04 1.8E-08 72.4

solution of lime water was sprayed on
the pavement to speed cooling, al-
though this was probably unnecessary.
The addition of the dilute lime water
may have had the added benefit of
slightly killing asphalt tackiness on
the surface. No mixture pickup, ravel-
lirig, or displacement was observed
when the fresh mat was placed under
traffic. No distress has been observed
on either SMA pavement section after
four months of service.

CONCLUSIONS AND
RECOMMENDATIONS

1. Based on only one project, the
. TxDOT remains optimistic about
\i the potential of SMA as a highly
rut resistant, dense pavement
layer. At least four additional
. projects are in the planning stages
for next construction season.
2. Hveem stability does not appear
to be a properly discriminating
. test for rutting resistance of
| mixtures containing approxi-
\ mately 80 percent aggregate re-
. tained on the No. 10 sieve. The
static creep test should be fur-
ther investigated to fill this role
for SMA mixtures.

TQ8-1
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3. Further investigation into labo-
ratory compaction procedures is
warranted to determine the most
suitable equipment and method
for SMA.

4. The gravimetric system of me-
tering mineral filler employed
on this project was effective in
obtaining a rather uniform
amount of passing No. 200 ma-
terial in the produced paving
mixture.
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r TMAs from page 9...

— e e ]
for consistently safe cushioning for
both light and heavy automobiles over
a range of impact speeds. With so
many models and features to select
and with very little information on
how TMAs held up to weather expo-
sure and road vibrations, department
personnel were hard pressed to deter-
mine which of the TMA designs gave
the most protection. That’s where
TxDOT’s research program comes
back into the picture.

PERFORMANCE CRITERIA

In June 1989, TTI was hired by
TxDOT to assess the performance of
several TMAs. Under Research Study
991, Development of Performance
Specifications for Truck-Mounted
Attenuators, TTI was given the task
of defining an “acceptable” TMA.
TxDOT is using the results of this
study to set minimum performance re-
quirements for TMAs.

RETREADS SAVE BUCKS AND
ENVIRONMENT

Local governments looking for
ways to stretch their tax dollars have
discovered what commercial truckers
have known for better than two de-
cades: retreading tires saves big dol-
lars without sacrificing quality, de-
pendability, or length of service. A
retread can be purchased for a frac-
tion of the price of a new tire. For ex-
ample: a new bias ply grader tire
costs around $240. That same tire can
be retreaded for half the amount. Sav-
ings are even more substantial with
radial tires.

While slashing your tire budget,
there are ecological benefits in using
retreaded tires as well. A quality truck
tire casing has the potential of up to
four lives as a retread, somewhat

reducing the waste disposal problems
that tires can present. Since tires are
basically petrochemical products, it
requires 22 gallons of oil to manufac-
ture one new truck tire. Most of that
oil can be found in the casing, which
is reused in retreading. Therefore, 15
gallons of oil are saved each time a
truck tire is retreaded. On a national
basis, over 400 million gallons of oil
are saved annually by retreading. In
addition to the oil savings, a potential
trip to the land fill can be avoided if
the casing is retreaded rather than dis-
carded. A substantial amount of land-
fill space can be saved as the result of
retreading.

From Oklahoma Local Govern-
ment News (Winter 91-92).

The mentioning of brand names is strictly for informational purposes and
does not imply endorsement or advertisement of a particular product by the
Texas Department of Transportation.

Researchers used three basic per-
formance criteria for this study:

¢ Crashworthiness — the amount
of protection afforded to the driv-
ers of vehicles that impact TMAs
and to the drivers of the vehicles
to which the TMAs are attached;

e Fatigue — the endurance of the
TMA under real-world opera-
tions; and

* Moisture resistance — the sus-
ceptibility of the TMA to col-
lection of moisture during in-
clement weather.

TTI experimented with seven dif-
ferent TMA models (see Table 1)
[Ref. 2]. Six out of the seven TMAs
used vermiculite concrete, aluminwm
honeycomb, or related materials as
their shock absorbing core. The Con-

necticut Department of Transportation

(ConDOT) TMA consisted of four, 2-
foot diameter open-ended steel pipes
mounted in a cantilevered, telescoping
box-beam frame.

TEST PROGRAMS

In keeping with three basic criteria,
researchers conducted three different
test programs: ‘crash testing, vibration
testing, and moisture testing. The
ConDOT TMA model did not un-
dergo the moisture or vibration tests.
The vibration test apparatus was not
designed to accommodate this type of
TMA, and moisture was judged not to
affect the performance of this TMA
due to its design and construction ma-
terials.

Crash Testing

The twin objectives of the crash
testing program were to assess the
overall benefit of TMAs relative to
control tests where no TMA was used
and to compare the performance of
individual makes and models of
TMAs with respect to one another.
Researchers conducted twenty-one
different crash tests in four test series.
Each test series involved striking ve-
hicles of different weights at different

20
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TABLE 1: TMA physical data.

Length Width Mounts
Type (in.) (in.)

Approx.
Weight
with Road Crush
Clearance Distance
(Ibs.) (in.) (ft.)

Energy Absorption
Hexfoam Model

85.75 96.00

1200 12 6

; Hexcel 4000

82.25 92.25

880 12 -

Markings &
Equipment
Corporation

83.00 93.25

890 12 -

_impact speeds. All collisions were
conducted head-on with no offset.
Three types of passenger cars weigh-
ing 1,800 Ib, 3,500 1b and 4,500 1lb
(and a 4,500 1b pickup truck) were
used [Ref. 2]. The TMAs being evalu-
ated were mounted on a dump truck
that had been ballasted to 14,000 1bs
prior to the attachment of the TMA
[Ref. 2].

Researchers evaluated the TMAs
using the performance criteria stipu-
lated in NCHRP Report 230 and TRB
Circular 191 (see sidebars). Test series
1, head-on impact into a TMA by a
4,500-pound passenger car traveling
at 45 mph, was the baseline test. Any
commercially available TMA should
be able to pass this NCHRP 230 stan-
dard test. All the current models
passed the NCHRP 230 requirements.

Very few cars today are 4,500
pounds. Test series 2 yielded data on
how TMAs decelerate 1,800-pound
cars traveling at 45 mph.

Very few cars travel at 45 mph,
even (or especially) through work
zones. Researchers structured test se-
ries 3 to gain information on what is

more real-world representative: a
3,500-pound car impacting at 55 mph.
From the outset, researchers expected
that none of the makes or models of
TMAs in the study could meet NCHRP
230 or TRB Circular 191 performance

criteria under the severe conditions of
test series 3. The purpose was to de-
termine the relative standing of sev-
eral TMAs — to determine which one
inflicted the least impact velocities
and the lowest accelerations to the oc-
cupants. The TMAs completed 40
hours of vibration testing and 24
hours of moisture testing before they
were crash tested in series 3.

Vibration Testing

The TMAs were mounted on to a
vertical half-inch steel plate and oscil-
lated vertically at a frequency of 7 Hz
through 0.6 inches for a duration of
40 hours (approximately 1,000,000
§ycles) [Ref. 2]. The 40-hour vibra-
tion test typically occured for 8 to 10
hours per day for 4 to 5 days [Ref. 2].
The horizontally positioned TMAs
were initially vibrated for a few min-
utes on the TTI test fixture to elimi-
nate any slack in the system. With the
help of reference points on the left
and right rear corners of the TMA
cushion, sagging, if it occured, was
determined by periodically measuring
the height of these reference points
relative to the ground. A TMA failed
this test if sagging exceeded 0.5
inches during the 40-hour test period
[Ref. 2]. The TMA could also be dis-
qualified if severe damage like

TQ8-1
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TABLE 2: Summary of TMA test program data.

% weight
gain of
TMAs
Car Car Car PU Truck Inches sag over time. passing
4,500 lbs - 45 1,800 lbs - 45 3,500 1bs - 55 4,500 lbs - 45 > 0.5"/40.0 hrs vibration
MPH MPH MPH MPH fails test. test.
TEST SERIES 1 TEST SERIES 2 TEST SERIES 3 TEST SERIES 4 VIBRATION TEST MOIFSETSL%RE

LOR MAX MAX
LOIV. A 50 LOIV LOR 50
1 2 3 1) A2 3

MAX

LOIV LORA 50 LOIV LOR 50 RT LT x>5.0% Fails
A (2 3

Energy

Abso! non 5.0/16.1 5.0/16.1
Hexfoam

Hexcel
(Developmental)

Markings & !
Equipment Corp. - .125/40.0 .125/40.0 54.7%

(1) LOIV = Longitudinal occupant impact velocity, adjusted for impact speed differences. Acceptable (A) < 40 feet per second;
Unacceptable (U) > 40 fps. NCHRP 230 criterion

(2) LORA = Longitudinal occupant ride down acceleration, adjusted for impact speed differences. Acceptable (A) < 20 gravitational units
(absolute value); Unacceptable (U) > 29 g's (absolute value). NCHRP 230 criterion.

(3) MAX 50 = 50 millisecond average longitudinal acceleration. Acceptable (A) < 12 g's (absolute value), Unacceptable (U) > 12 g's

(absolute value). M = Marginally acceptable. TRB Circular 191 criterion.

* Unacceptable occupant compartment penetration.

T Unacceptable vehicle underide.

71 Aluminum skin cracked and buckled; therefore, only marginally acceptable.
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popped rivets, cracks and distortions
resulted from the vibration tests. Only
those TMAs that passed the vibration
test underwent the moisture test.

Moisture Testing

Real-world TMAs are exposed to
rain. A TMA’s capacity to absorb en-
ergy can be degraded if it retains wa-
ter. Researchers simulated rain in a 12
foot x 12 foot x 12 inch water-recir-
culating chamber. After weighing a
TMA, the chamber sprayed the TMA
continuously with water for 24 hours
to simulate a 6-inch-per-hour rain
[Ref. 2]. At the end of spraying, the
TMAs drained for one hour, and then
were reweighed. The weight gain is
the difference between both measure-
ments. If the weight gain exceeded 5
percent, the TMA was deemed unac-
ceptable [Ref. 2].

Results of Experimentation

Based on crash testing results, ac-
ceptable TMAs were the Energy
Absorption (Alpha Model), Hexcel
TMCC and the Connecticut DOT.
The three TMAs that passed the 40
hour vibration test were the Energy
Absorption (Alpha Model), Hexcel
TMCC, and Markings and Equip-
ment Corporation. The Energy Ab-
sorption (Alpha Model) was the only
one that passed the moisture test.
Table 2 is a summary of test data.

Researchers decided that the test pro-
gram could successfully distinguish
desirable/undesirable TMA characteris-
tics.

TMA PERFORMANCE
SPECIFICATIONS

The performance specifications
adopted clearly show their relation-
ship to the research test program.
Most of Research Study 991's
sample specification was used verba-
tim including a note that an eccentric
crash test, rather than head-on only,
may soon be required. The sidebar
contains excerpts from TxDOT
specifications, Attenuator, Crash,
Truck Mounted, as an example.

RESULTS

The Division of Equipment and
Procurement (D-4) and the Division

of Maintenance and Operations (D-
18) adopted most of TTI’s recommen-
dations as soon as the resport was
published. Over 200 TMAs have been
purchased under the new specifica-
tions.

Research Report 991-1’s sample
specification proposed that TxDOT
encourage “the market to move to-
ward units capable of providing the
same level of protection and meeting
the referenced criteria and require-
ments for vehicles weighing  up
through 3,500 lbs, while traveling at
speeds up through 55 MPH.” Manu-
facturers, having seen the results of
the research, have improved all-as-
pects of their products. Several are on
the verge of marketing a true 60 MPH
truck-mounted attenuator.

TxDOT’s sponsored research and
adoption of TMA performance speci-
fications has generated interest and
positive comment from other state
DOTs. This study is a good example
of appropriate research carried out in

a timely manner and implemented
swiftly and willingly — in other
words, a research success story.

For more information on the TMA
performance specifications, contact
the project’s technical coordinator,
Mr. Glenn Hagler of D-4 at (512)
416-2082, Tex-An 249-2072.
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IS IT OKAY TO COPY MY COLLEAGUE’S SOFTWARE?

No, it’s not okay to copy your
colleague’s software. Software is
protected by federal copyright law,
which says that you can’t make such
additional copies without the permis-
sion of the copyright holder. By pro-
tecting the investment of computer
software companies in software de-
velopment, the copyright law serves
the cause of promoting broad public
availability of new, creative, and in-
novative products. These companies
devote large portions of their earn-
ings to the creation of new software
products and they deserve a fair re-
turn on their investment. The cre-
ative teams who develop the soft-
ware — programmers, writers,
graphic artists and others — also de-
serve fair compensation for their ef-
forts. Without the protection given
by our copyright laws, they would
be unable to produce the valuable
programs that have become so im-
portant in our daily lives: educa-
tional software that teaches us much
needed skills; business software that
allows us to save time, effort and
money; and entertainment and per-
sonal productivity software that en-
hances leisure time.

That makes sense, but what do
I get out of purchasing my own

software?

Il When you purchase authorized
ML copies of software programs,
you receive user guides and tutorials,
quick reference cards, the opportunity
to purchase upgrades, and technical
support from the software publishers.

~For most software programs, you can
read about user benefits in the regis-
tration brochure or upgrade flyer in
the product box. .

Il What exactly does the law say
about copying software?

[ 1) The law says that anyone who
purchases a copy of software

has the right to load that copy onto a
single computer and to make another

copy “for archival purposes only.” It
is illegal to use that software on more
than one computer or to make or dis-
tribute copies of that software for any
other purpose unless specific permis-
sion has been obtained from the copy-
right owner. If you pirate software,
you may face not only a civil suit for
damages and other relief, but criminal
liability as well, including fines and
jail terms of up to one year.

So I'm never allowed to copy
software for any other reason?

LIl That’s correct. Other than copy-
A ing the software you purchase
onto a single computer and making
another copy “for archival purposes
only,” the copyright law prohibits you
from making additional copies of the
software for any other reason unless
you obtain the permission of the soft-
ware company.

LIl At my company, we pass disks
B around all the time. We all as-
sume that this must be okay since it
was the company that purchases the
software in the first place.

[ 1] Many employees don’t realize
BP.Y that corporations are bound by
the copyright laws, just like everyone
else. Such conduct exposes the com-
pany (and possibly the persons in-
volved) to liability for copyright in-
fringement. Consequently, more and
more corporations concerned about
their liability have written policies
against such “softlifting”. Employees
may face disciplinary action if they
make extra copies of the company’s
software for use at home or on addi-
tional computers within the office. A
good rule to remember is that there
must be one authorized copy of a
software product for every computer
upon which it is run.

Do the same rules apply to bul-

letin boards and user groups? |
always thought that the reason they
got together was to share software.

LIl Yes. Bulletin boards and user
. A groups are bound by the copy-
right law just as’individuals and cor-
porations. However, to the extent they
offer shareware or public domain soft-
ware, this is a perfectly acceptable
practice. Similarly, some software
companies offer bulletin boards and
user groups special demonstration
versions of their products, which in
some instances may be copied. In any
event, it is the responsibility of the
bulletin board operator or user group
to respect copyright law and to ensure
that it is not used as a vehicle for un-
authorized copying or distribution.

What about schools and profes-
sional training organizations?

[ il The same copyright responsi-
WP\ bilities that apply to individuals
and corporations apply to schools and
professional training organizations.
No one is exempt from the copyright
law.

I’ll bet most of the people who
copy software don’t even know
that they’re breaking the law.

[ 1l Because the software industry is
relatively new, and because
copying software is so easy, many
people are either unaware of the laws
governing software use or choose to
ignore them. It is the responsibility of
each and every software user to un- .
derstand and adhere to copyright law.
Ignorance of the law is no excuse. If
you are part of an organization, see
what you can do to initiate a policy
statement that everyone respects.
Also, suggest that your management
consider conducting a software audit.
Finally, as an individual, help spread
the word that the users should be
“software legal.”

Reprinted by permission of Soft-
ware Publishers Association, 1730 M
Street, NW, Suite 700, Washington,
D. C. 20036, (800) 388-7478.
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COMPUTER TIP:

Wipe your computer screen
with a used fabric softener
sheet to reduce static.

Source: Ricki Letowt, Letowt
on Computing, 22 Nostrum
Road, Norwalk, CT 06850, as
seen in Communication Brief-
ings 11 (Oct. 1992):1.

DID YOU KNOW...
A near-frictionless magnetic bearing
has been built from a high-temperature,
Y-Ba-Cu-O superconductor by scientists

at United Technologies Research Center,"

East Hartford, Conn., and the U.S. De-
partment of Energy’s Argonne Na-
tional Laboratory, Argonne, Ill. A per-
fected version could be a key
component of highly efficient fly-
wheels capable of storing 50 to 500
M]J of energy. Superconducting bear-
ings reportedly can have 25 times less
friction than conventional magnetic
bearings and about 1,000 times less
friction than car and truck bearings.

Source: “Technical Bulletins,”
Advanced Materials & Processes 140
(Nov. 1991):14.

SUBTERRANEAN PLANE ON
DRAWING BOARD

Soaring beyond magnetic levitation
as a transport mode, the Fujita Corpora-
tion hopes to revolutionize the future of
interurban transport with a plane that
will fly underground. Dubbed the
“geoplane,” the $230 billion proposal
calls for the development of a passenger
aircraft that would fly in a huge tunnel
between Tokyo and Osaka, about 150
feet below ground level. The tunnel,
about 180 feet wide, would be divided
into three levels. Two of the levels
would be reserved for incoming and
outgoing geoplane flights, and the third
for linear motor cars and commuter
transport services. The outer wall of the
tunnel would house optic fiber and
power cables.

The ambitious plan would tackle
the above-ground congestion and land
shortage head on. As envisioned
by Fujita, one of Japan’s leading

construction companies, the stub-
winged plane would run on turboprop
engines and cover the 400-km stretch
between Tokyo and Osaka in about 50
minutes. At lower speeds, the geo-
plane would hug the surface of the
runway, at its cruising speed of 600
km/h, and would fly 1 meter above
the runway surface. The company de-
scribes the projected 400-passenger
geoplane as superior to the linear mo-
tor car. The hitch is the $230 billion
price tag of the system. The planes
are estimated at $380 million a copy.
Fujita has joined with the Nagare Re-
search Corporation to draw up in-
depth studies of the projected system.

From AASHTO’s International
Transportation Observer, as seen in
The Virginia Eclectric (Sept. 1992): 7.

DID YOU KNOW...
Research has shown that improvements to traffic sign systems have one
of the highest benefit-to-cost ratio of all highway improvements.
Source: Moving Forward 11 (Jan. 1993): 1.

WHAT DOES THAT SIGN MEAN?

by David Dennis
Communications Specialist
Texas Transportation Institute
Texas A&M University

Transportation needs evolve and so
do the devices that control transporta-
tion. After you’ve passed driver’s
education, how well have you, the av-
erage citizen, coped with the evolving
transportation system? This question
is one transportation professionals
needed to have answered.

A study conducted for TxDOT by
the Texas Transportation Institute
(TTI) at Texas A&M University en-
titled “Assessment and Improvement
of Motorist Understanding of Traffic
Control Devices” (TTI 1261) is a de-

tailed examination of motorists’ com-
prehension of signs, signals and lane
markings. While not complete, pre-
liminary results indicate that some
Texas drivers may need to improve
their understanding of certain signs,
markings, and signal indications.

TTI researchers John Mounce,
Katie Womack and Gene Hawkins
have reached the halfway point of
their three-year TxDOT-sponsored
study. They are currently analyzing
survey data gleaned from answers to

questionnaires obtained in 12 cities

across Texas.

Much of the study focuses on hu-
man factors. Researcher Hawkins
summed up the purpose of the study
by saying, “We want to determine if

. messages are understood as they

are intended to be. Are there changes
that can be made to the devices to
make them do a better job? Or should
we do a better job of educating Texas
drivers?”

Driver reaction to traffic control
devices can be broken down into
three areas: (1) Do drivers see the de-
vice and is the device legible? (2) Do
drivers understand the message? (3) If
seen and comprehended, do drivers
comply with the message? “Our study
addresses the second area, driver
comprehension of the message,” said
Hawkins.

THE SUSPECT DEVICES

This is not the first survey of mo-
torist comprehension of traffic control
devices. In 1979 and 1980, the Ameri-
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can Automobile Association con-
ducted studies. However, neither
study produced conclusive informa-
tion that pointed to specific problem-
atic devices. The Texas Transportation
Institute also conducted surveys in
1978 and 1981. These TTI studies
were used to assemble the first list of
suspect signs, markings and signals.

Other factors considered in the se-
lection of devices for the survey were:
devices that had never been surveyed;
the consequence of misunderstanding
the message; whether the device is in-
cluded in the Texas Drivers Hand-
book; the frequency of usage of the
device itself; opinions of transporta-
tion professionals within TxDOT and
elsewhere; and any special interests of
the project’s technical panel. While
many traffic control devices are the
result of experiments and research,
some represent a solution based on
engineering judgment. Based on these
criteria, the research team initially. se-
lected 60 messages or devices for the
survey. Preliminary survey results in-
dicated that 14 of these were clearly
understood, leaving 46 devices to be
used in the final survey.

THE SURVEY

The survey consisted of a 15-minute
video tape that featured these 46 differ-
ent traffic control devices. This tape was
viewed and a questionnaire administered
at driver’s license offices in Tyler, Paris,
Houston, Lufkin, San Antonio, Bee-
ville, El Paso, Eagle Pass, Amarillo,
Levelland, Temple and Athens. Ques-
tions developed for the survey were
worded in order to identify what prob-
lems exist, for whom these problems
exist, and the pervasiveness of such
problems. Each question was multiple
choice with one desirable response, two
responses within the realm of possibili-
ties and one ‘“not sure.” The survey was
given to a statistically valid representa-
tion of 1,754 Texas drivers based on
sex, age, ethnicity, and language spoken.

The data will allow TTI research-
ers to develop alternatives for misin-
terpreted devices and test their effec-
tiveness on a smaller sample to see if

REDUCED SPEED AHEAD
sign (R2-5A), TMUTCD Section 2B-14
What does this sign mean?

4)  1.1% Not Sure.
ROUGH ROAD

sign (W8-8), TMUTCD Section 2C-30.2
What is the purpose of this sign?

4) 1.7% Not Sure.

No-Passing Zone markings
TMUTCD Section 3B-3

statements is true about the center line?

lanes.
4)  3.0% Not Sure.

Stop Ahead sign (W-31a)

TMUTCD Section 2C-15

What is this sign telling you to do?

1) 2.1% Stop when you see this sign.

4)  2.9% Not Sure.

WATCH FOR ICE ON BRIDGE
sign (W19-2), TMUTCD Section 2C-41

the bridge.

on the bridge.
4)  2.1% Not Sure.

1)  1.9% The speed limit will be higher ahead.
2)  3.7% The speed limit ahead will be strictly enforced by the police.
3)* 93.2% The speed limit will be lower ahead.

1)  7.2% To let motocyclists know they should use caution.
2)  2.5% To let motorists know the road will be noisier ahead.
3)* 88.7% To let motorists know the pavement is in poor condition.

If you are traveling in the right lane, which of the following

1) 5.8% This is a two-way road where you are allowed to pass.
2)* 88.0% This is a two-way road where you are not allowed to pass.
3) 3.2% This is a one-way road where you are allowed to change

2)* 87.4% Be prepared for a STOP sign ahead.
3) 7.6% At the next STOP sign you should go straight after you stop.

When you see this sign, what should you do?
1)  2.5% Don't drive on the bridge if there is ice on it.
2) 11.5% Slow down and gently apply the brakes while you are on

3%) 84.0% Slow down, don't brake or make sudden turning movements

REDUCED
SPEED
AHEAD

ROUGH
ROAD

Stripes are
yellow in survey

WATCH
FOR ICE oN
BRIDGE

FIGURE 1: Five devices with good driver response.

the changes increase understanding of
the message or device.

PRELIMINARY RESULTS

A quick glance at early survey re-
sults show an ‘average correct re-
sponse rate of 64%, with older drivers
exhibiting a possible comprehension
problem. “This may be due to
changes in signs over the years or a
lack of driver’s education programs

when these drivers obtained a li-
cense,” noted Hawkins.

Of the 46 devices surveyed, the
five devices with the highest rates of
comprehension are depicted in Figure
1. Actual survey questions are also in-
cluded. Asterisks denote correct an-
SWers.

The five devices with the lowest
rates of comprehension are depicted
in Figure 2.
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PROTECTED LEFT ON GREEN
sign (R10-9a), TMUTCD Section 2B-37

what should you do?

4) 23% Not Sure.
GROOVED PAVEMENT AHEAD

sign (W-812), TMUTCD Section 2C-30.5
What is the purpose of this sign?

4) 14.7% Not Sure.
Turn sign (W1-1R)

TMUTCD Section 2C-4
What does this sign mean?

next turn.
4) 12.2% Not Sure.
Curve sign (W1-2L)

TMUTCD Section 2C-5
How should you respond to this sign?

should slow down.
4) 0.9% Not sure.

Two-Way Left Turn Lane sign (R3-9B)
TMUTCD Section 2B-19

intersection.

right turns.
4) 5.0% Not Sure.

If you want to turn left at this intersection and the green light is on,

1) 34.7% Yield to oncoming traffic. They will have a green light also.
2) 47.5% Wait for a green arrow. Then turn left.
3)*15.5% Turn left. Oncoming traffic will have a red light.

1) 16.5% To let motorists know the road will be slippery when wet.
2) 39.5% To let motorists know the road will be noisier ahead.
3)*29.2% To let motorcyclists know they should use caution.

Which one of the following statements is true when you see this sign?
1)*44.6% The center lane is to be used only for making left turns.
2) 6.7% You will be able to make only left turns at the next

3) 43.7% The center lane is to be used only for making left and ONLY

PROTECTED
LEFT ON
GREEN

GROOVED
PAVEMENT
AHEAD

1) 10.7% There is an intersecting road to the right ahead.
2)*31.9% You should drive 30 miles per hour or less to make the

3) 45.2% You should turn right at the next intersection.

1) 65.0% The road will curve to the left a short distance ahead and
you should slow down before reaching the curve.

2)*32.4% The road will curve to the left a short distance ahead, but
you may drive the curve at the speed limit.

3) 1.7% The next mile of highway has several curves and you

CENTER
LANE

-

FIGURE 2: Five devices with poor driver response.

POSSIBLE OUTCOMES

Once the results of this survey are
complete, several measures can be
taken to improve the comprehension
of roadway messages surveyed.
Changes being considered include re-
designing the devices themselves, bet-
ter explanation of the devices in the
Texas Drivers Handbook, and placing
more effort on traffic control devices

in driver’s education classes to in-
crease understanding. Several of the
lowest rated devices are not illustrated
or explained in the current Texas
Drivers Handbook, or in driver train-
ing classes.

A new national Manual of Uniform
Traffic Control Devices (MUTCD) is
scheduled to be published in 1996. A
new edition of the Texas MUTCD

may follow the national manual. The
TTI researchers hope that their results
will have a positive impact on both
publications.

Additionally, TxDOT is consider-
ing proposals for public education
programs aimed at increasing the
awareness of traffic control devices.
These efforts should help raise aware-
ness of traffic control devices used on
Texas roads and highways.

An informed driver is a safer
driver. This joint research project be-
tween TTI and TxDOT should pro-
duce better traffic control devices and
a safer driving experience for all Tex-
ans.
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