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INTRODUCTION 
r 

Guardrails are an integral and 
necessary part of the roadway. They 
provide protection both to the motor­
ist and to highway structures. How­
ever, most maintenance personnel 
know they are a costly maintenance 
problem. Grass and weeds can be­
come thick enough to obscure the 
guardrail or at least to become a real 
eyesore. A portion of a landscape 
project site in Austin at Loop 1 
(Mopac) and US 183 was utilized to 
conduct a field study of two prod­
ucts designed to control plant 
growth. The goal of this study (origi­
nally started as part of Research 
Project 7 -944, Construction Land­
scape Program, now continuing as 
an interagency agreement) is to iden­
tify promising alternatives to con­
trolling vegetation under guardrails. 

CURRENT PRACTICE 

Currently, there are three prac­
tices used to deal with this problem. 
They are: 

* using hand-operated trimmers 

* paving under the guardrail 

* applying herbicides. 

Each of these methods has 
p oved adequate, but each has draw­
b cks. The use of hand-held trim­
mers is costly in the long run be­
c use the operation must be repeated 
a regular intervals in order to keep 
~egetation under control. The most 
serious drawback, however, is safety. 
In many cases, it requires placing a 
person very close to high-speed traf­
fic. Also, string trimmers have a 
reputation for throwing small bits of 
gravel or other debris into the adja­
ent traffic, with the possibility of 
ntering an ope~ car window. 

Concrete or asphalt paving is a 
low-maintenance option that is 
widely used in some urban areas. 
The major disadvantage is that repair 
to guardrail is more costly. Also, 
both paving types present joints that 
will eventually become repositories 
of wind-blown seeds. When these 
germinate, it is necessary to trim 
or spray. 

Herbicide is easily applied, but 
nfavorable public reaction is grow­

ing in response to the use of chemi­
cals in the environment. However, 
since the most widely used herbi­
cides become inert very quickly, 
seeds present in the soil germinate 
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quickly. These will be seeds of the 
most opportunistic plants - weeds. 
This pattern of herbicide breakdown 
and weed germination creates a 
cycle of spraying that has no end. 

STUDY BACKGROUND 

The concept behind the use of the 
two products is to reduce the amount 
of soil available for plant rooting. 
The key determinant regarding the 
type of plant that will grow in a par­
ticular place is the amount of soil 
available. The soil amount deter­
mines how much water can be stored 
and how many nutrients are available 
to support growth. Deep soils sup­
port large plants, while shallow soils 
generally support much smaller 
plants. A good example of this is 
found throughout the Texas hill 
country where soils of only 25.4 to 
76.2 mm (1 to 3 inches) overlaying 
limestone bedrock support a variety 
of short, native grasses but nothing 
else. Can this same concept be 
adapted to this application? Would it 
be possible to establish a soil depth 
that would promote a plant growth 
habit that would be acceptable under 
guardrails? These are some of the 
questions this project was meant to 
explore. 

PRODUCT DESCRIPTIONS 

The first product is called Bio­
Barrier®. It is manufactured by Ree­
may Incorporated in Old Hickory, 
Tennessee. The product consists of a 
geotextile fabric similar to common 
weed barriers that is studded with 
9.5 mm (3/8-inch) nodules of carbon­
black. These nodules are spaced in a 
50.S mm (2-inch) grid over the tex­
tile and are impregnated with the 
herbicide Trifluralin. It is commonly 
used in agricultural herbicides such 
as Treflan®. Triflurian has an EPA 
toxicity rating of class IV (acute 
oral: LD50 (rats) >10,000 mg/kg), 
practically nontoxic. The vapor emit­
ted from the nodules degrades in the 
soil in 1 to 6 months. The product 

works by preventing root-tip cell di­
vision in roots. No herbicide enters 
the plant and no plant parts are dam­
aged by the herbicide. The chemical 
is released from the nodules as a va­
por and adheres to soil particles. It is 
effective in the soil for a radius of 
about 25 mm (1 inch) from the nod­
ule. The estimated, effective life of 
the product in the ground is over ten 
years, but this is dependent upon soil 
factors such as heat, moisture, and 
soil texture. The cost of the material 
is about SO¢ per square foot. 

The other product studied is 
called Weed Blocker. It is manufac­
tured by Progressive Polymetrics, 
Inc. in Van Nuys, California. It is a 
polypropylene panel, similar in con­
struction to corrugated cardboard, 
approximately 3.2 mm (US inch) 
thick. Designed to be installed on 
the surface of the ground around 
guardrails and posts, it is supposed 
to eliminate trimming. It is environ­
mentally safe, impact resistant, and 
UV stable. The cost of this material 
is approximately 25¢ per square 
foot. This product has some obvious 
drawbacks when installed as it was 
designed, which is on the ground 
surface. It does not present what the 
researchers consider an acceptable 
visual character. Also, joints between 
the material and structures may fill 
with weeds. However, if it were in­
stalled under the soil, it might have 
the effect of creating a "red uced 
rooting zone." 

LAYOUT OF STUDY PLOTS 

The study plots were estab­
lished with two soil types, crushed 
limestone road base and the native 
soils (a black, sticky-when-wet clay) 
found on the site. The materials be­
ing studied were installed at depths 
of 50.S mm (2 inches) and 101.6 
mm (4 inches) under each of these 
soils. The materials were installed 
both singly and in a combination of 
the two. This last combination was 
explored to see if effective control 
could be attained at a lower overall 
material cost and to see if grass 

could be maintained at a consistently 
lower height. The study plots were 
located under selected guardrails on 
the site. After installation, the plots 
were compacted with a plate vibra­
tor. The plots were not seeded. 

STUDY RESULTS 

Bio-Barrier Plots 
As can be seen from the table of 

observations and in the photos, the 
most effective control with Bio-Bar­
rier is being attained under crushed 
limestone, both at the 50.S mm (2­
inch) and 101.6 mm (4-inch) depth 
(Fig. 1). In each case, there are some 
runners of Bermudagrass over the 
plots, but no rooting. In the 101.6 
mm (4-inch) plots, there are occa­
sional, single, weedy herbaceous 
plants, but these appear to be ran­
dom. This outgrowth may be a case 
of a species that is not affected by 
the material. Bio-Barrier in both the 
50.S mm (2-inch) and 10 1.6 mm (4­
inch) clay plots shows complete con­
trol of grasses, but not all herba­
ceous weeds. This effect is identical 
to the preliminary findings of the 
studies currently being conducted at 
the TTl Proving Grounds at the Riv­
erside campus at Texas A&M. 

The Bio-Barrier results are con­
sistent with the research being con-

FIG. 1: Bio-Barrier under 50.8 mm 
(2 inches) of limestone base. 
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ducted at the field test lab at the TTl 
Proving Grounds. The results are 
sufficiently significant to warrant the 
consideration of extending the use of 
this material within the roadway. 
The researchers think that the best 
use would be in areas where access 
by mowers or trimmers is difficult 
or unsafe, particularly along stretches 
of high-speed roadways. The flex­
ibility of the fabric will allow it to 
conform to the footings around light­
ing bases and sign posts. Also, a 
strip of the material under construc­
tion joints in riprap would help pre­
vent weed invasion. Inquires re­
garding Bio-Barrier should be 
directed to Reemay Inc., 70 Old 
Hickory, TN, 37138-3651. (615) 
847-7267. 

Weed Blocker Plots 
Grass in all Weed Blocker plots 

shows significantly shorter height 
than the adjacent grasses. This in­
dicates that the material is having 
the effect anticipated in that it is ef­
fectively limiting the resources the 
plant needs for growth, thereby re­

ducing the size of the plants (Fig. 2). 
The notable exception is found in 
plot 6, (50.8 mm [2-inch] clay) 
where very few grasses · or weeds 
are found. Researchers expected that 
at least the same results would occur 
where the two products are used to­
gether, but this was not the case. 
Where Bio-barrier and Weed Blocker 
were used jointly in 50.8 mm (2­
inch) clay, researchers found numer­
ous herbaceous weeds. They think 
part of the reason for the difference 
may be that the species of weeds 
near the other plots were not present 
near this plot to seed it. However, 
the results are interesting and bear 
further monitoring. 

Weed Blocker is proving effective 
in reducing the height of grasses 
growing over it in limestone gravel. 
Only the 50.8 mm (2-inch) depth 
was tested because it was felt that 
101.6 mm (4 inches) of soil would 
provide ample soil for taller grass 
growth. The advantage of this mate­
rial would be that the areas under the 
guardrail would be vegetated rather 
than bare gravel. If the grasses were 

to stay in the 203.2 to 254.0 mm (8 
to 10-inch) range or lower, this 
would provide a more attractive 
guardrail, without the normal degree 
of trimming. Two possible disadvan­
tages present themselves. First, the 
gr ss may send runners over the 
curb. Second, there is much variabil­
ity in the grass heights. This varia­
tion suggests that the plots have not 
reached a steady state. More time 
wlil help explain both these condi­
tions. Inquires regarding Weed 
B ocker should be directed to Pro­
gfessive Polymetrics, Inc., 5715 
L mona Ave., Van Nuys, CA, 91411, 
(r 8) 9020549. 

Combination Plots 
The plots with the combination of 

Bio-Barrier and Weed Blocker show 
b Her control than just Weed Blocker 
alone, except for plot 6, and worse 
results than Bio-Barrier alone (Fig. 
3). The plots all show a clear line of 
change in vegetation height and spe­
cies. If these grasses get thicker, 
they may create enough shade to 
prevent excessive evaporation from 

FIG. 2: Weed Blocker under 50.8 mm (2 inches) of lime­
stone base. Dotted line indicates the approximate edge of 

the material. 

FIG. 3: Bio-Barrier and Weed Blocker under 50.8 mm (2 
inches) of limestone base. Note clipboardJo.r scale. 
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the plots, and the grasses may get 
too large. More time is needed to de­ CONDITION OF PLOTS 
termine if these combinations are vi­
able for the long term. 

CONCLUSIONS 

The following chart summarizes 
the observations of all the plots. Re­
searchers suspected that there might 
have been some herbicide spraying 
in the area. Also, the plots had dif­
ferent amounts and types of grasses 
growing near them when they were 
installed. This probably created an 
unequal beginning point among the 
plots. For these reasons, monitoring 
of the plots will continue to see how 
they each respond to encroaching 
vegetation. While statistical analysis 
was not employed to quantify the de­
gree of differences caused by the ad­
dition of these products, the visual 
differences were readily apparent. 
These approaches offer new options 
in the method of dealing with un­
wanted vegetation around guardrails. 
The best application will be in those 
areas where access by equipment or 
personnel is difficult or unsafe or 
where herbicide application is not 
feasible. 

Plot Material 

Bio-Barrier; 

limestone gravel; 50.8 mm 

(2") depth. 


5 Weed Blocker; limestone gravel; 
50.8 mm (2") depth. 

Remarks 

Very clean plot. No grass growing. 
Isolated individual weed invasions 
at some posts, but these are not 

Grass over Weed Blocker shows 
overall reduced height though the 
heights are highly variable. Heights 
range from 24.5-50.8 mm (1-2") in 
some places to 203.2-254.0 mm 
(8-10") In others. Grass adjacent to 
the plot is 304.8-381.0 mm (12-15") 
tall. 

7 Weed Blocker with Bio-Barrier Grass is definitely shorter over Weed 
strips; limestone gravel; 50.8 mm Blocker wiBio-Barrier strips. Grass Is 
(2") depth. 101.6-152.4 mm (4-6") tall compared 

to 304.8-355.6 mm (12-14") adjacent 
to plot. 

BACK TO THE FUTURE OF MOTORLESS TRAVEL 

Reprinted with permission from the 
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It's great for reducing auto traffic, 
pollution, and stress. Studies show 
that a growing number of people are 
taking a bicycle for more than just a 
Sunday ride. TTl's Assistant Re­
search Specialist Danise Hauser, in a 
joint project with Texas A&M 
International's Dr. Pedro Hurtado, is 
creating a document that will make 
it easier for the Texas Department of 
Transportation (TxDOT) to accom­
modate those who bike or walk for 
transportation or recreation, provid­
ing a safer traveling environment for 
all roadway users - cars included. 

"We are responding to a TxDOT 
directive to all district staff," says 
Hauser. In this document, TxDOT 
Executive Director Bill Burnett 
stated that "accommodation for both 
bicycle and pedestrian traffic must 
be considered on all projects, includ­
ing those under construction, where 
reasonably possible." 

Even before 1991 ISTEA legisla­
tion mandated support of multimodal 
transportation, bicycles were rec­
ognized in the state of Texas as ve­
hicles legally entitled to operate 
on all roadways and shoulders, ex­
cept controlled-access freeways. 
Currently, however, districts do not 
have a consolidated document that 
provides the decision-making frame­

work needed to determine when and 
where bicycle and pedestrian facili­
ties are appropriate, the type of facil­
ity that should be provided at those 
locations, and the design characteris­
tics of the facility. Successful com­
munication of this information will 
provide TxDOT with comprehensive 
guidance on how to plan, design, and 
implement facilities that enhance 
mobility and safety for all roadway 
users as they adhere to standard traf­
fic operations, known to many as our 
"rules of the road." 

Through extensive review of leg­
islation and literature, and by con­
ducting surveys, interviews, and re­
gional panel discussions, researchers 
have established the state of the art 
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in bicycle and pedestrian facilities. 
"Several states have constructed bi­
cycle and pedestrian facility guide­
lines, using the Oregon, Florida, and 
North Carolina guidelines as mod­
els," says Hauser. "Our task is to 
create a document which is based on 
the best practices and is also appro­
priate for Texas conditions." 

One of the key steps in this pro­
cess is TAMU's development of a 
simplified assessment procedure ­
one that TxDOT personnel can use 
to determine the economic feasibil­
ity of different types of bicycle fa­
cilities under varying roadway 
conditions. Dr. Pedro Hurtado, a 
recognized expert on interrelation­
ships between transportation and 
economics, is completing this por­
tion of the study and has presented 
preliminary findings to project di­
rector Paul Douglas, in TxDOT's 
Multimodal Operations Office, and 
the study 's technical panel. 

"We need to know what factors, 
besides the cost of the concrete, 
should go into the selection of a bik­
ing facility," says Douglas. How 
many cyclists are likely to travel the 
facility? Is the road leading to an el­
ementary school or to a strip shop­
ping center? What is the cost of the 
right-of-way necessary to build a 
separate facility? How can we cost­
efficiently incorporate a bike accom­
modation in a project that is already 
underway, one that didn't have those 
elements built into the original de­
sign plans? 

According to Douglas, it's quanti­
fying the "when reasonable" part of 
the decision that is difficult, and this 
usually must be done on a project­
by-project basis. "We're happy with 
the direction Dr. Hurtado is going ­
his preliminary concepts of the costJ 
benefit analysis are right on track 
with what we had envisioned," says 
Douglas. 

While the findings from all these 
research activities are important in 
creating a usable document, also rel­
evant is the incorporation of final 
technology transfer work. Research­
ers will present a preliminary draft 
of the guide to TxDOT district per-

TQ 10-2 

sonnel in a series of workshops . 
Hauser points to the necessity of this 
task: "We hope that an informal re­
view environment will allow for a 
wide variety of comments - the 
kind needed to 'fine-tune' the 
guidelines - so that they are as 
user friendly as they are accurate." 

So as we move closer and closer 
to the 21 st century, Texans can rest 

assured that when they choose that 
good old 19th-century motorless 
mode to work or school, they will be 
enjoying the state of the art in alter­
native transportation facilities. 

For more information on Pro­
je t 0-1449, contact Danise Hauser; 
(409) 845-4352, E-mail: d-hauser 
@tamu.edu. Guidelines will be 
available next year. 

http:tamu.edu


REINFORCED SAND DUNES 

MAY STANCH COASTAL EROSION 


Reprinted by permission of ASCE 
from Emerging Technology 

2(June/July 1995): 8 

When mixed with sand, an adhe­
sive gel often found in food products 
may create an erosion-proof sand 
dune that can help stabilize shore­
lines. New York-based Pfizer, Inc. 
has donated the undeveloped tech­
nology to the Texas Engineering Ex­
periment Station (TEES), a state 
agency for engineering research that 
is affiliated with Texas A&M Uni­
versity. 

"Coastal erosion, a natural pro­
cess complicated by rising sea lev­
els, has created a multimillion-dollar 
problem for coastal property owners. 
The market for cost-effective, envi­
ronmentally acceptable solutions is 
ready and waiting," says Billy Edge, 
head of the ocean engineering pro­
gram at Texas A&M and a researcher 
for TEES. 

The Biodune composite consists 
an aqueous polymer gel added to 
97% beach sand and water. The 
composite is sprayed with a truck­
mounted pneumatic gun into the 
sloping surface of a threatened dune 
that has been covered with a bio­
degradable mat. The resulting sur­
face is firm but resilient, natural in 
appearance, and resistant to erosion 
from waves and tides. The polymer 
gel is made of nontoxic chemicals 
that are found in nature and used as 
food additives. 

Reportedly, recent tests of Bio­
dune in Florida and North Carolina 
indicate that the product is compat­
ible with the natural ecology of veg­
etation growth and marine life . 
Sea-turtle nesting and hatching in 
Florida were monitored daily for two 
years with no adverse effects. The 
gel biodegrades in four to five years, 
long enough for vegetation to estab­
lish erosion control. 

The U.S. has more than [6437 m] 
4,000 miles of shoreline with criti­
cal erosion, and the problem in­

creases every year. Studies show that 
spending on erosion control costs 
government and private agencies 
more than $100 million annually. 

"Biodune is more permanent and 
effective than beach renourishment," 
says Michael H. Auerbach, senior as­
sociate director for safety and regu­
latory affairs with the Pfizer food­
science group. "The technology is 
more environmentally acceptable 
than seaways and other artificial 
structures. It doesn't damage the 
beach, it allows vegetation to grow, 
it looks natural and it's biodegrad­
able." Auerbach is coinventor of Bio­
dune and holds the patent with 
Wayne Borden, director of process 
research and development for the 
food-science group. 

"Many states no longer allow sea­
walls, because vertical structures di­
rect wave energy straight down and 
accelerate beach destruction, even if 
the buildings are protected," Auerbach 
says. He believes that most states 
will allow the use of Biodune, how­
ever, because it is environmentally 
benign. 

In 1989, a Biodune prototype near 
Wilmington, N.C., stood firm against 

Hurricane Hugo despite significant 
losses to surrounding dunes . A con­
dominium property lost [4 .6 m] 15 
feet of its natural dunes compared 
with only negligible losses where the 
Biodune prototype met natural sand. 

Researchers say Biodune costs 
about $200 per [304.8 mm] foot. The 
price tag on seaways can range from 
$250 to $500 per [304.8 mm] foot. 
Beach nourishment costs $300-$600 
per [304.8 mm] foot and requires a 
longer stretch of beach than most 
owners possess. In severe cases, de­
velopers may use both beach nour­
ishment and Biodune, since the 
former replenishes the beach and the 
latter then protects the dunes that lie 
behind the beach. 

TEES will seek a licensee for the 
Biodune technology. With modifica­
tion, the technology has the potential 
to be applied not only to erosion 
problems in coastal zones but also to 
inland waterways. 

For more information contact 
Billy Edge, Texas Engineering Ex­
periment Station, 332 Wisenbaker 
Engineering Research Center, Col­
lege Station, TX 77843-3134; (409) 
845-5510. 

Biodune allows vegetation to grow, looks natural and is biodegradable, say re­
searchers. It will work better tfum beach renourishment, sandbag sills, and permanent 
structures such as seaways, groins, and bulkheads. Photo by Jack Lewis courtesy of 

TRV Photo Library. 
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SHRP 

BACKGROUND 

Although it may be considered 
something new and is listed as a 
SHRP product, ground-penetrating 
radar (GPR) has been used by 
TxDOT since 1993. The Texas De­
partment of Transportation 's (TxDOT) 
Pavements Section of the Design Di­
vision is using radar to determine 
pavement layer thicknesses and to 
detect voids or moisture that may be 
hidden under or within a pavement. 
TxDOT has blazed ahead into the 
implementation of this technology 
and is drawing its own conclusions 
about the value of GPR. 

A GPR unit consists of a spe­
cially equipped van, which has an 
antenna mounted on the front di­
rected at the pavement surface. This 
radar unit is one of the newer 1 gi­
gahertz, air-launched systems that 
can collect data at speeds of up to 80 
km/h (50 mph). A pulse of electro­
magnetic energy, a radar wave, is 
transmitted by the antenna into the 
pavement. The transmitted wave is 
partially reflected at each layer inter­
face. The reflected waves are cap­
tured by the antenna and displayed 
on a screen in the van as a series of 
peaks (amplitudes) at different ar­
rival times. Each amplitude repre­
sents a reflection from the surface of 
each distinct pavement layer. The 
time delay between these peaks is 
the time required for the radar wave 
to travel through the layer to the top 
of the next layer and back. There­
fore, this time of travel is related to 
the thickness of the upper layer. 
Each material making up a pavement 
layer has its own dielectric (noncon­
ductive to direct electrical current) 

c:::: 
LLJ 

TXDOT EVALUATES GROUND­

Z PENETRATING RADAR AS PAVEMENT 


STUDY TOOL 
by Gerald Freytag, P.E. 


Pavement Engineer 

Yoakum District 


Texas Department of Transportation 


properties. The amplitude of reflec­
tion at each interface is a function of 
the change in dielectric from one 
layer to the next. With highway ma­
terials, the property that mostly in­
fluences the dielectric of a layer is 
the moisture content. The thick­
nesses of each layer are essentially 
measured and recorded with each 
pulse sent from the antenna as the 
unit moves along the roadway. The 
GPR can penetrate up to about 355.6 
mm (14 inches) of pavement. 

WHAT IT CAN DO 

GPR has been used successfully 
to identify section breaks, layer 

thicknesses, and material defects. 
p )vement layer thicknesses are ac­
q ired in project- and network-level 
s rveys . Having knowledge of the 
thicknesses within a project helps 
the engineer determine quantities of 
material to be removed or manipu­
lated during construction. The net­
work-level pavement management ef­
fort needs thicknesses for use with 
falling weight deflectometer (FWD) 
data so that parameters related to the 
load capacity of the pavement can be 
calculated. Layer thickness infonna­
tion is usually part of the roadway 
inventory log, and GPR could be 
used to obtain the thickness values 
quickly and accurately. 

Layer thickness has usually been 

........ .. ,/' 

f GROUND' \ ' 
/PENEtRATION\' . 
J ' 

. ASPHALT---",.......J 

CONCRETE ---' 

SUB-BASE MATERIAL 

SUBGRADE MATERIAL 

FiG. i: A schematic of air-launched, ground-penetrating radar. 

TQ 10-2 7 



determined by obtaining cores from 
the pavement. This method is slow, 
expensive, and often hazardous to 
the person coring and to passing 
traffic. Because the vehicle-mounted 
OPR can operate at speeds of 80 kml 
h (50 mph), traffic flow is not dis­
rupted. A profile of layer depths re­
sults from a OPR survey, which 
equates to hundreds if not thousands 
of individual core depths. Besides 
gaining layer thicknesses, a trained 
operator can detect voids under con­
crete pavements, delaminations of 
concrete in bridge decks, and mois­
ture that is trapped within asphaltic 
concrete pavement (ACP) . 

TxDOT began its experience with 
OPR in 1989 when it funded a re­
search project with the Texas Trans­
portation Institute (TTl). In 1994, 
TxDOT bought its own unit and, 
along with TTl, currently has OPR 
available for pavement investigation 
needs statewide. 

OPR-related products from SHRP 
include a signal processing software 
package that produces a plot of the 
layer thicknesses after receiving 
information from the antenna. TTl, 
however, has developed its own soft­
ware to process the signal and has 
been using it successfully for the 
past two years. This software re­
quires less expertise in identifying 
radar signals than the SHRP product 

and is considered more suitable for 
TxDOT's use. 

SUCCESSFUL FIELD TRIALS 

TxDOT districts have been seeing 
firsthand the benefits of using 
ground-penetrating radar in pave­
ment failure investigations. A survey 
performed in the Yoakum District 
helped assure that the correct reha­
bilitation strategy was chosen for a 
portion of Interstate lOin Colorado 
County. Visible failures, believed to 
be caused by stripping, were not 
widespread but were steadily in­
creasing in number. The survey 
helped the district verify that mois­
ture was present in the lower portion 
of a thick ACP overlay. With water 
present, stripping of the asphalt from 
the aggregate within the ACP would 
be likely to occur. The district was 
able to determine that the potential 
for stripping existed throughout the 
area as evidenced by the plots gener­
ated during the OPR survey. A total 
removal and replacement of the old 
overlay would be necessary, but the 
district could do so with confidence 
that the correct alternative was taken. 

Houston District also has used 
OPR successfully to locate both 
voids and problem stripping areas. 

(See TQ7·1, "Successful Void Detec­
tion on US 59 Using OPR" and 
"Nondestructive Testing at Near­
Highway Speed Locates Pavement 
Problems on IH 45.") 

OPR antennas may be ground 
coupled, instead of air launched, 
which means that they must remain 
in contact with the ground and be 
moved at a slow speed. This 25-to­
30-year-old radar technology oper­
ates at low frequencies and achieves 
deep ground penetration. Small, por­
table units have been used by TTl to 
locate unmarked graves during a 
route survey for a relocated highway. 
Also, they have been used for detect­
ing buried pipes and storage tanks. 

CONCULSION 

TxDOT pavement engineers have 
not waited for a cue from SHRP to 
begin using this tool of nondestruc­
tive testing. Forward thinking in 
TxDOT has provided ground-pen­
etrating radar ready for widespread 
use across the state soon. If you 
think that you may have an applica­
tion for OPR or if you need more in­
formation on this topic, call Carl 
Bertrand of the Design Division 
(Pavements Section) at (512) 465­
3675. 

AIR TRANSPORTATION _. OPPORTUNITIES FOR 

INTERMODALISM IN THE ITS ERA 


Reprinted by permission of 

Dr. Adib Kanafani 


University of California, Berkeley, 

ITS InternuJtlal News (Fall 1995): 4-6 


INTRODUCTION 

It can be said that most transpor­
tation is intermodal, for there are a 
few cases where a trip can be made 
exclusively on one mode. Of all 
modes of transportation, aviation 
is probably the most dependent on 
intermodal interface. In fact, aviation 
functions only in an intermodal con­

text, since it is not possible to en­
gage in flight without interfacing 
with other means of ground transpor­
tation. Airport access interface is 
certainly a most important element 
of intermodalism in aviation. But 
there are other less obvious, but no 
less important, aspects of intermo­
dalism associated with it. This es­
say attempts to define the context 
for intermodalism in aviation and to 
identify some of the opportunities 
that Intelligent Transportation Sys­
tems (ITS) offer for enhancing 
intermodal interface. 

Using the analogy of economic 

linkages, we can identify two types 
of intermodal effects, forward and 
backward effects. The first, or the 
forward effect, results when engag­
ing in air transportation results in 
demand for ground transportation ac­
tivities primarily associated with the 
interface with airports. It is domi­
nated by the airport access activities 
of travelers and shippers. The sec­
ond, or backward effect, results from 
the ground transportation activities 
necessary to support the aviation 
sector. The transportation demand of 

Continued on page 12 
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I 
SIGN CREWS, WE NEED YOUR INPUT! 

THE ORIGINAL PROBLEM 

Texas Department of Transporta­
tion sign crews have to rely upon the 
Texas Manual on Uniform Traffic 
Control Devices (MUTCD), the 
TxDOT Traffic Control Standard 
Sheets, or instructions from supervi­
sors to determine the most effective 
placement of guide signs on conven­
tional (not access-controlled) high­
ways. However, these documents ad­
dress only a few signing situations. 
Many others are not addressed. Be­
cause of this lack, districts treat 
many signing situations differently 
throughout the state. These differ­
ences can confuse motorists. 

The signing principles and illus­
trations provided in the MUTCD 
typically treat a single type of sign 
(regulatory, warning, conventional 
guide, freeway guide) and not situa­
tions where sign crews need to in-

U.S. 259 &; 281.. 
2 -15 m 
(6 - 50 ft) 

lOO-150m 
(330 . 500 ft) 

200 - 250 m 
(660 - 800 ft) 

300 - 350 m 
(1000 - 1150 ft) 

400-450m 
(1300 - 1475 ft) 

500- 550 m 
(1650 - 1800 ft) 

600 - 650 m 
(1975 - 2150 ft) 

Note: 	 S« Table 4-1 ror placement d.Jstances 
when speed Umlt Is < 45 mph 

staIl more than one type of sign near 
another type. In addition, the MUTCD 
is primarily a text document in­
tended for traffic engineers. It con­
tains limited illustrations addressing 
placement and other issues that are 
of greatest concern to field crews. 

THE SOLUTION 

The research team of Project 0­
1373, Evaluation of Rural Guide 
Signing, is working on a draft of a 
field book of guide signing practices 
for conventional highways. This 
guide, Conventional Guide Sign 
Field Book, provides field personnel 
with information beyond that con­
tained in the Texas MUTCD or the 
standard sheets. The field book ad­
dresses types and uses of conven­
tional guide signs, height and lateral 
placement, placement on intersection 
approaches, placement on intersec­
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tion departures, and special signing 
applications. It also covers situations 
wh1re sign crews may need to use 
regulatory or warning signs in the 
same area as conventional guide 
signs. It emphasizes illustrations 
over text and focuses primarily on 
placement considerations. Figure 1 is 
an example. 

THE CURRENT PROBLEM 

he research team has been de­
veloping the field book for over a 
year, working closely with a panel of 
TxDOT engineers. Now they need 
inRut from the intended users of the 
document - sign crews. The re­
search team wants to know what in­
formation is useful, what subjects 
should be improved upon, and what 
should be added or eliminated. 

Copies of this draft field book 
have been sent to every district. Cur­
rently, individuals in several districts 
are reviewing the draft. The research 
team originally had planned to hold 
a series of three regional meetings to 
discuss the field book directly with 
sign crews. Unfortunately, those 
meetings have been canceled due to 
a ack of research travel money. 
Project 0-1373 ends this fiscal year, 
so the research team needs your 
c mments quickly. 

I 
Wt 	 AT YOU CAN DO 

District personnel - particularly 
si n crews - interested in signing 
should review a copy of the Conven­
tional Guide Sign Field Book. To 
get one, call research supervisor 
Gene Hawkins, P.E., of the Texas 
Transportation Institute at (409) 845­
9946. Read the field book. Then, 
send your comments by mail or 
by fax to Gene Hawkins, P.E., TTl, 
TAMU, College Station, 77843­
3135; fax (512) 416-3161 - soon. 
To make this book useful to you, 

FIG. J: Example of approach lane and stop control where the approach route the research team needs your opin­
goes through and left (Fig. 4-16 from the Conventional Guide Sign Field Book ions and ideas! 

draft, page 4-29). 
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SWELLING SOILS: NEW FIELD TEST PROCEDURE TO 

PREDICT PAVEMENT DAMAGE 


Reprinted, with minor editing, from 
TTl's Researcher 31 (Fall 1995) 

INTRODUCTION 

Lime ... Sulfate ... Heave ... Elec­
trical conductivity ... . 

What do these four things have in 
common? The answer is soil -- but 
a complete explanation of how and 
why it matters is a little more in­
vol ved. Recently pu blished Texas 
Transportation Institute (TTl) Re­
search Report 1994-5, Reduction of 
Sulfate Swell in Expansive Clay 
Subgrades in the Dallas District, 
contains a thoroughly researched, 
detailed explanation, along with 
some innovative solutions to an ac­
knowledged problem with Texas clay 
soils. 

THE PROBLEM WITH LIME AND 
SULFATE 

Before a pavement structure is 
placed, the soils underneath must be 
stabilized to improve mechanical sta­
bility and durability. Compaction is 
the most conunon form of soil treat­
ment, but for soils high in clay, com­
paction alone is not enough. Lime is 

added to the clay in order to make it 
strong enough to carry construction 
traffic during wet weather. Adding 
lime greatly reduces downtime due 
to muddy conditions during con­
struction . This process, known as 
lime stabilization, can double or 
even quadruple the long-term strength 
of the soil. 

When clay soils are high in sul­
fates, however, the lime may react 
with the clay and the sulfates to 
form an expandable mineral called 
ettringite, which can increase to 200 
percent of its original size . The re­
sulting expansion can crack road­
ways, causing great structural and 
economic problems. The damage, 
called heave, often looks as if ago­
pher has tunneled right through 
the road. 

To help solve this problem, Sanet 
Bredenkamp and TTl Research Engi­
neer Dr. Robert Lytton completed a 
sub task of Study 7-1994, Highway 
Planning and Operation for Dallas 
District Phase Ill. Sponsored by 
the Texas Department of Transporta­
tion (TxDOT), this portion of the 
project resulted in a key field testing 
device and procedure that measure 
the sulfate content of soils, allow­
ing for easier identification of sites 
with a high potential for expansion 

due to reaction with lime . The re­
searchers also recommend for high­
sulfate soils some alternative meth­
ods of soil stabilization using fly 
ash, an industrial waste material. 
Figures I and 2 show the expan­
sion of the Dallas soil samples with 
and without lime. 

ESTIMATING SULFATE IN THE 
FIELD 

The field test procedure uses a 
permIttivity probe and regression 
equation models to determine 
whether a clay soil is likely to suffer 
from sulfate-induced heave. "We 
based the test on parameters of elec­
trical conductivity because it's easy 
to measure. Ours and other studies 
have demonstrated a direct correla­
tion between electrical conductivity 
and sulfate content in soils," says 
Lytton, the research supervisor on 
the subtask. High electrical conduc­
tivity generally points to a sulfate­
rich soil. 

The reconunended seven-step pro­
cedure avoids the expense of labora­
tory equipment and time-consuming 
analyses with a simple measurement 
device in a plastic box the size of a 
regular tool kit. Developed as part of 
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FIG. 1: Expansion of soil samples containing 6% lime 
versus sulfate content. 
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FIG. 2: Expansion of soil samples containing no lime 
versus sulfate content. 
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the study, the field testing kit con­
sists of a portable probe, a scale for 
weighing, distiIled water, and a bowl 
attached for mixing and measuring 
the soil sample. 

First, use the kit to determine 
the moisture weight of the soil 
sample. Then, after mixing a care­
fully measured 1:0.5-ratio slurry of 
soil and water, use the probe to 
measure the electrical conductivity 
of the soil-water paste. Estimate the 
amount of sulfates in the soil using 
a graph that relates electrical con­
ductivity to sulfate content. This 
value can also be entered in one or 
both of the equation models, which 
provide an estimate of the amount 
of sulfate-related swell likely to 
occur both before and after lime sta­
bilization. Research Report 1994-5 
explains in depth both the procedure 
and the equations. 

FLY ASH ALTERNATIVES TO 
HYDRATED LIME STABILIZERS 

Left with the question of what to 
do once it has been determined that 
a soil is likely to expand with lime 
stabilizer, the research team investi­
gated several alternative stabilizers. 
The most commonly used lime stabi­
lizers contain hydrated calcium 
limes. According to Lytton, "Be­
cause it is the calcium that reacts 
with sulfates to form ettringites, we 
have proposed the use of locally 
available low-calcium fly ashes -
Sandow, Montecello and Big Brown 
- as alternative stabilizing agents 
for sulfate-bearing soils." The labo­
ratory expansion test results showed 
that high-sulfate soil taken from the 
field test site at FM 1382 in South­
west Dallas County performed better 

if stabilized with a low-calcium fly 
ash. Big Brown did not perform as 
well as Sandow or Montecello. 

"We plan to use this field testing 
device and the fly ash alternative be­
cause it's a low cost, viable solution 
to a problem that has been around 
since the 1950s," says BiB Hale, 
Southeast Dallas County Area Engi­
ne and an active project advisor. 
"This is a good example of research 
results that will really provide the 
deBartment some benefits in terms of 
both the low-cost testing device and 
the taxpayer savings from prevention 
of favement damage." 

For more information, order TTl 
Research Report 1994-5 from RTT 
Librarian Dana Herring at (512) 
465-7644 or call RTT Implementa­
tion Engineer Moon Won, P.E. , at 
(512) 465-7648. 

LATERAL AND ROTATIONAL STIFFNESS 


DESCRIPTION 

This project, part of the Federal 
Highway Administration's Demon­
stration Project 83, Structure Foun­
dations, is a multistage effort to im­
prove the state of the practice for 
designing bridges for extreme 

OF HIGHWAY BRIDGES 
BACKGROUND 

A bridge design method consists 
of a design process coupled with an 
appropriate analysis model. Current 
design methods for bridge substruc­
tures and superstructures for special 
events are not well defined in exist­

to select the best current methods, 
outline critical R&D needs, and de­
fine the format and objectives of the 
national conference scheduled for 
November 1996 in Atlanta, Georgia. 

Source: USDOT WorldWide Web 
site. 

events, such as ship impacts, scour, 
and seismic events. It will: 

* 	Identify and evaluate contempo­
rary design methods, then select a 
currently recommended design 
method and publish an FHWA 
Technical Advisory describing the 
method 

* 	Outline a comprehensive R&D 
program to develop an improved 
design method 

* 	Conduct a national conference 
and several smaller workshops to 
disseminate technical information 
about the best current method(s) 
and status of the R&D program

* 	Initiate further technology trans­
fer activities to implement the 
new methods 

ing design specifications and techni­
cal references. As a result, designs 
vary widely from very conservative 
and costly to extreme and unsafe. 
AASHTO specifications provide 
little guidance for special design 
event loading combinations or for 
the load magnitudes when combina­
tions are applied. 

PROJECT MANAGER 

Chris Dumas, HNG-31, (202) 366­
8080. 

STATUS 

The 2nd Technical Working Group 
meeting was held September 26-29, 
1994, in San Francisco, California, 

You 

mi66ed 
the TxDOT 


Bridge Designers'
II 
Conference?! 

(Feb. 6-8, 1996) 

Don't despair. The video­
tapes are in and available 
from the RTT Library. Call 

Dana Herring at (512) 
465-7644. 

Editor's note: 

This was the best one yet! 
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AIR TRANSPORTATION - OPPORTUNITIES 

FOR INTERMODALISM ... continued from page 8 


technologies by focusing on the 
word intelligent. In this context, 
transportation technologies are intel­
ligent if they have the capability to 

this major economic sector repre­
sents a nontrivial proportion of the 
total transportation picture in the 
economy. Both of these intermodal 
effects stand to gain significantly 
from the opportunities brought about 
by ITS. To appreciate the importance 
of those intermodal effects, it is 
helpful to look at some indicators of 
their magnitude. 

The magnitude of the forward ef­
fects of air transportation can be 
measured by the traffic volume 
handled by the system. In the U.S., 
there are currently about 500 million 
annual enplanements. A rough esti­
mate is that this generates about 40 
billion passenger miles or 20 billion 
vehicle miles annually in travel to 
and from airports. While this is a 
small fraction of the total urban 
transportation volume, its signifi ­
cance increases when one considers 
that it occurs during high volume pe­
riods and on the more congested ur­
ban corridors. A single major airport, 
such as San Francisco, serves over 
30 million passengers annually, who 
generate close to 400 million ve­
hicle-miles on an already congested 
freeway network. Forward inter­
modal effects of aviation do not 
stop with passenger access to ma­
jor airports. Of over 60 million an­
nual aircraft operations in the U.S., 
nearly 40 million are general avia­
tion operations. These too have a 
significant intermodal effect. Nor 
can we overlook the fact the U.S. 
airports enplane about 15 million 
tons of cargo each year, which must 
generate close to a billion ton-miles 
of truck traffic to and from these air­
ports. 

The backward intermodal effects, 
although less obvious, are likely to 
be far more significant. As a major 
sector of the economy, aviation gen­
erates a huge demand for goods and 
services, which in turn generates a 
demand for transportation, most of 
which is probably on the ground. 
While it is difficult to estimate the 

Of all the modes of transportation. aviation is probably the most dependent on 
intermodal inteiface. Air transportation has led other transportation modes in 

the use of information technology and automation - two major elements of 
ITS. New opportunities exist in the intermodal connection of the two. 

precise magnitude of the aviation 
sector in the U.S. economy, it is not 
difficult to see that it is in the hun­
dreds of billions of dollars. Consider 
as an illustration that airline rev­

enues alone amount to about $80 bil­
lion annually and that the value of 
aircraft production is estimated at 
about $40 billion annually. 

Air transportation is clearly an 
important sector of the economy, and 
one that places significant intermo­
dal demands on transportation. It is 
probably fair to say that most of the 
transportation activity generated by 
air transportation is in fact on the 
surface transportation system. 

OPPORTUNITIES IN ITS 

There are many opportunities in 
the emerging area of ITS for enhanc­
ing the productivity of the air trans­
portation system by improving the 
intermodal connections on which it 
is so dependent. For the purposes of 
this discussion, we characterize ITS 

use internally built features in order 
to sustain a high level of efficiency 
in the face of changing exogenous 
influences. Thus, a traffic control 
system that automatically adjusts its 

internal parameters in response to 
changing exogenous traffic condi­
tions can be considered intelligent. 
An information system that advises 
travelers in real time of changes in 
traffic conditions, thereby permitting 
them to respond accordingly, can be 
considered intelligent. A highway 
link on which vehicles automatically 
adjust their longitudinal and lateral 
positions to respond to exogenous 
factors in such a way as to maintain 
a high level of efficiency and safety 
can be considered intelligent. In 
their current evolutions, ITS tech­
nologies rely on two ingredients to 
achieve this intelligence: information 
technology and automation. These 
two ingredients channel into the 
transportation system a vast array of 
new technologies in areas such as 
computation, control , sensing and 
automotive design. The introduction 
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of these two ingredients into surface 
transportation is moving at a rapid 
pace . Air transportation has in fact 
led in its use of these elements of 
ITS. Both automation and informa­
tion technologies are fairly common 
in aviation. The new opportunities 
are in the intermodal connection be­
tween the two. 

INFORMATION TECHNOLOGY 

One of the important features of 
information technology as it is ap­
plied in ITS is its ability to integrate 
transportation systems spatially and 
temporally. This will permit the opti­
mization of systems across physical 
elements, geographical and political 
jurisdictions and over periods of 
time. This same capability can be 
used to integrate systems across 
modes, thereby permitting optimiza­
tion over larger domains of the trans­
portation system. For example, the 
same information systems that pro­
vide travelers realtime feedback 
about highway congestion could be 
providing relevant information about 
airport congestion for those in the 
airport access system. 

Another feature of information 
technology as used in ITS is that it 
permits the operators access to 
knowledge useful in optimizing op­
erations in the economic sense. This 
means the ability to implement so­
phisticated pricing mechanisms that 
better match established public poli­
cies, or to implement regulatory pro­
cedures that are tailormade to actual 
situations. Here too, this feature can 
be extended to encompass all rel­
evant modes, permitting better eco­
nomic optimization. For example, a 
pricing mechanism can combine tolls 
for highway use with parking fees at 
or in the vicinity of an airport. In an 
era of increasing interest in airport 
passenger facility charges, a road 
and parking toll could be bundled 
with such airport use charges or, in­
deed, with the price of air travel as a 
whole. Bundling can have advan­
tages to both producers and consum­
ers of services. There are many such 
opportunities in information technol­

ogy. Below is a short list of ideas 
that appear from preliminary analy­
sis to have potential. There are cer­
tainly many others. 

Integrated ATMIS and Airport 
Ground Information System 

Advanced traffic management and 
information systems ATMIS, repre­
sent an important component of ITS. 
Important developments are taking 
place, and ATMIS technologies are 
being implemented in urban trans­
portation networks at an accelerating 
rate. On the other side, airport 
ground information systems are to­
day fairly advanced versions of 
ATMIS in which ground transporta­
tion information is made readily 
available to airport users. But these 
two systems remain disjointed. Ur­
ban ATMIS systems rarely include 
information about airport conditions. 
Airport information systems are 
static and do not reflect actual traffic 
conditions on the access system. In­
tegrating these two systems would 
result in a significant increase in the 
value of information in each of 
them. 

Integrated ATMIS and Flight 
Information System 

As a next step beyond the above, 
one would want to integrate flight 
information into urban ATMIS infor­
mation bases. This would add a sig­
nificant capability for urban users of 
air transportation. Most efficiency 
gains would probably occur in the 
pretrip planning stage for passengers 
and in air freight distribution man­
agement. 

Integrated Air and Ground Freight 
Management Systems 

In the freight area, the next step 
would be the complete integration of 
air and ground freight management 
systems. This would encompass the 
integration of flight and ATMIS in­
formation systems at both the origin 
and the destination. Allowing opti­
mal allocation of resources in freight 
and flight systems in a realtime envi­
ronment would permit significant 
efficiency gains. 

Butidled Service and Pricing for Air 
and Ground Transportation 

lIT'S technologies can be used to 
enhance the economics of transporta­
tion systems. Automated billing and 
toll collection have become possible 
with the advances in AVI and AVL 
tec~nologies. Indeed these are in op­
era~on at a number of airports in the 
U .S . including DFW, IAH, and 
DEN. With the integrations possible 
with information technologies, it be­
comes possible to bundle urban and 
air transportation services for the 
pu oses of billing and toll collec­
tion. The economic advantages of 
bundles prices for service can accrue 
to oth users and suppliers of ser­
ViCr S. ITS technologies can also per­
mi integration that has not been 
possible due to institutional barriers. 

En/Jancing Prediction of Systems 
De'mand 

nasmuch as travel and shipping 
activities are intermodal in nature, it 
would enhance the predictive ability 
of system planners and operators to 
be able to predict demand across 
modes. For example, an urban ATMIS 
system in an area that includes a ma­
jo airport would benefit from the 
ab lity to predict air traffic flows as 
th y materialize in the air transporta­
tion system. Conversely, airport op­
erators would benefit from being 
able to predict flows into the system 
as they may evolve · over the ground 
a ess system. 

proved Airport Distribution 
Mrnagement 

Some of the ATMIS capabilities 
being developed for urban transpor­
9 tion or for commercial vehicle op­
erations would yield significant op­
erational benefits to large airports. 
These airports have an extensive and 
complex network of service road­
ways that often suffer from conges­
tion . Better management of con­
gested interface systems such as 
airport garages or curbside facilities 
can be achieved by applying ATMIS 
technologies, and by integrating the 
airport system with the rest of urban 
networks. , 
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However, for this potential to ma­
terialize, it will be necessary to ex­
pand the perspective of current ITS 
efforts and to broaden their scope 
into a multimodal one. Current ITS 
efforts reflect a mode-centered para­
digm, as reflected by the customary 
functional classification of programs. 
There are ATMIS activities that are 
centered on highway traffic; CVO 
activities that are focused on truck 
operations; and APTS activities that 
are concerned primarily with bus 
transit. At the same time, efforts to 
deploy ITS technologies at airports 
proceed with little or no interface 
with these other programs. What is 
needed to make the intermodal at­
tention go beyond lip service? Here 
are some suggestions that represent a 
partial list of what might be done: 

Institutional Commitment: The in­
stitutions involved in ITS must make 
substantive moves toward intermo­
dalism. This applies to public and to 
private sector agencies, but the brunt 
of that responsibility must fall on the 
government in this early stage of 
ITS development. Despite all inten­
tions and proclamations, it is fair to 
say that modal fragmentation per­
sists. For example, aviation and sur­
face transportation institutions are 
still widely separated, working in 
different arenas and with different 
paradigms. At the national level, in­
tergovernmental, multi modal efforts 
require substantive political commit­
ment attention and will depend ulti­
mately on budgeting procedures that 
facilitate multi modal programming. 

At the local level , public agencies 
must integrate their efforts to dem­
onstrate intermodal ITS technolo­
gies. At this level, institutional in­
congruities among the different modes 
need to be overcome. Metropolitan 
planning organizations or urban con­
gestion management agencies typi­
cally have little to do with airport 
authorities. Recent history suggests 
that coordination at the most basic 
level in areas such as airport access 
planning is lacking. Industry com­
mitment is also essential for a suc­
cessful development of an intermo­
dal effort. Industry is an important 

partner in research and development 
and in testing and demonstration. 

Technical Integration 
Intermodalism should be inte­

grated in the R&D efforts of ITS as 
early as possible. While ITS devel­
opments have been underway for 
nearly a decade now, important foun­
dation work is still being laid out. 
The integration of intermodal aspects 
at this early stage is important to en­
sure success in eventual deployment. 
Two areas come to mind as requiring 
immediate attention. The first is the 
area of system architecture, where 
important work is underway that lays 
the foundation of the technology 
configuration, integration and imple­
mentation. Current architecture ef­
forts are focusing on highway trans­
portation with some attention being 
paid to integrating automobile and 
bus transit technologies. Taking in­
termodal requirements into account 
may result in changes in the system 
architecture that are possible to 
make now, but virtually impossible 
to implement later on. 

The second area is that of stan­
dards. It is clear that system integra­
tion across modes is going to require 
compatibility of components and 
protocols. Advanced communications 
and control devices are being devel­
oped for many ITS technologies. 
AVI stands out as an important ex­
ample where different standards may 
be emerging for different transporta­
tion systems. Currently there are de­
velopments in AVI on the highway 
system, the rail system and at many 
airports . In order for these compo­
nent AVI systems to contribute to a 
seamless intermodal application, 
they need to be compatible. Without 
coordinated standards, development 
is only a matter of luck if these sys­
tems end up being compatible. 

AUTOMATION TECHNOLOGIES 

This is an area where aviation is 
far more advanced than surface 
transportation. Nonetheless, benefits 
from integration will accrue to all 
systems. The advanced navigation 
and communication technologies 
used in flight operations can be com­
bined with the emerging technolo­
gies of AHS to provide a capability 
for automating integrated systems 
that carry large volumes of traffic. 
For example, one of the more prom­
ising advances in air traffic control 
technology is the concept of free 
flight. This complex system would 
permit aircraft to cooperatively gen­
erate user optimal flight paths. Simi- · 
lar control architectures are being 
developed and tested for the AHS 
system. The synergies from a techni­
cal exchange between the two sys­
tems are very promising indeed. Two 
other intermodal applications of au­
tomation technology that come to 
mind are: 

Airport Ground Interface Systems 
Increasingly complex systems for 

interfacing between the airport and 
its access tributaries are inevitable as 
volumes continue to increase. Auto­
mation can play an important role in 
streamlining this interface. Large 
scale distribution can be serviced via 
automated traffic systems that pro­
vide access to terminal facilities and 
that optimize the utilization of scarce 
airport space. 

Service Traffic Automation 
Efficiency and safety can be en­

hanced by automating the vehicular 
traffic on the air fields . Some of the 
technologies developed for urban 
ATMS systems can be used to man­
age the complex patterns of flow of 
service vehicles on a large airfield. 
At the same time, developments in 
the use of GPS in the management 
of airfield flows can be extended for 
use in surface transportation. 

Suggestions for the ITS effort 
It is evident that there is a signifi­

cant intermodal potential in ITS . 

The mentioning of brand names is 

strictly for informational purposes and 

does not imply endorsement or adver­

tisement of a particular product by the 

Texas Department of Transportation. 
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IMPLEMENTING TXDOT'S ROADWAY 

SMOOTHNESS SPECIFICATION 


Reprinted, with editing, from TTl's 
Researcher 31(Winter 95-96): 

Staying in tune with driver needs 
includes maintaining smooth high­
ways. Smooth road profiles offer 
lower user costs and favorable per­
ceptions of ride quality, not to men­
tion longer-lasting roads with lower 
repair costs. Through its work on 
Research Project 0-1378, Develop­
ment of Ride Quality Specification 
Criteria for ACP Overlays, the Texas 
Transportation Institute (TTl) is 
helping the Texas Department of 
Transportation (TxDOT) implement 
the specification it has set on road­
way smoothness. 

"We initially evaluated the appli­
cability of the existing specification 
for asphalt concrete," says Emmanuel 
Fernando, research supervisor of the 
project, "and found that, used in 
conjunction with guidelines to estab­
lish when surface preparation is ap­
propriate, it may be used success­
fully on asphalt overlay projects." 

The research team evaluated a 
number of automated profilograph 
models that can be used for accep­
tance testing of the final pavement 
surface. They also evaluated Pro­
Scan, a hardware/software package 
used to analyze data from manual 
profilographs. 

Developed by Dr. John Devore of 
Kansas State University, the entire 
ProScan system consists of a paper 
transport unit, a hand scanner, a 
computer, the ProScan software, and 
a user's guide. During the scanning 
process, ProScan divides a profiJo­

profilograph data, ProScan has 
proven to be significantly faster and 
more consistent. 

"In our evaluation, it took our rat­
ers, on average, four hours to manu­
ally reduce 3.54 km of profilograph 
data. We were able to reduce the 
same data in ten minutes with 
ProScan," says Fernando. "The faster 
the acceptance tests can be done, the 
earlier the roadway can be opened to 
traffic ." 

In the next phase of this project, 
researchers will shift their emphasis 
to the long-term goal: developing a 
smoothness specification based on 
true roadway profile, rather than the 
profilograph. 

The construction profiler, a new 
instrument currently under develop­
ment by TxDOT, will supersede the 
profilograph by producing a true 
profile measurement of final surface 
smoothness. TTl researchers expect 
to have a prototype of this instru­
ment ready early next year. 

"The construction profiler will 
provide a more accurate profile mea­
surement of the final surface when 
compared to the present manual sys­
tem and automated profilographs," 
Fernando says. "We're working with 
TxDOT toward revolutionizing the 
measurement and specification of 
roadway smoothness to improve the 
riding quality of our highways." 

For more information on project 
specifics, contact project director 
Ken Fults at (512) 465-7741. To or­
der TTl Research Report 1378-1, 
contact Dana Herring, RTT Librar­
ian, at (512) 465-7644. 

gram - the output or "trace" pro­
duced by the manual profilograph - . 
into 0.16 km segments and saves the 
reduced data to the computer's hard 
disk. The resulting printed report 
gives the profile index for the scan­
ned roadway segment and shows the 
precise location of surface defects. 

Compared with the time-consum­
ing and subjective manual analysis 
method traditionally used to evaluate 

TQ information is experimental in 

nature and is published for the devel­

opment of new ideas and technology 

only. Discrepancies with official views 

or policies of TxDOT should be dis­

cussed with the appropriate Austin Di­

vision prior to implementation. TQ ar­
ticles are not intended for construction, 

bidding or permit purposes. 
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