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INTRODUCTION 

The nozzles on asphalt distribu
tors need to be cleaned and cali 
brated during any paving operation. 
You have to run asphalt or emulsion 
through the nozzles to check the 
spray patterns and run diesel through 
nozzles that are clogging. How do 
you calibrate the nozzles without 
harming the environment, and what 
do you do with the asphalt or diesel 
when you're done? You can't leave it 
on the roadside, and proper disposal 
of waste oils costs anywhere from 
$285 to $450 per 55-gallon barrel. 

El Paso District has developed an 
innovative way of reclaiming these 
materials by modifying an existing 
Cimline crack sealing melting pot. 
By adapting additional fittings and 
hoses to the Cimline pot (Fig. I), 
Hondo Pass Maintenance Yard per
sonnel created an independent oil 
reclaimer that will collect and dis

tribute emulsion or AC oils either 
back into the distributor or into the 
Cimline reservoir, with no hazard to 
the environment. Hondo Pass person-

FIGURE I: View o/modified 

Cimline distribution area 


nel have performed several tests with 
this equipment and have had good 
results . The modifications cost ap
proximately $300 and require about 
17 hours' labor. Using this reclaim
ing system, the department could 
save an average of $120.00 per day 
on reclaimed oils and diesel.. 

HOW DOES IT WORK? 

To use the reclamation system, work
ers position the flush tank (Fig. 2) be
neath the asphalt distributor's nozzles. 
AC or emulsion is released into the flush 
tank until the nozzles are spraying prop
erly. The redaimer operator puts the 
suction hose of the reclaimer into the 
flush tank and starts the pump. The 
pump is capable of distributing twenty 
gallons a minute of emulsion at 90 de
grees Fahrenheit. Depending on the re
quirements of the job, the material in the 
flush tank can be pumped straight . back 
into the distributor or sent to the 
Cimline's tank by opening or closing the 
various discharge and suction valves. 
T,he reclaimer is also equipped with a 5
gallon diesel tank that is used to flush 
out the pump and hoses. Of course, cau
tion must be taken when flushing any 
ACoils. 
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FIGURE 2: The flush tank, made 
from 16-gallon barrels, has hook 

grabs on each end for lifting off and 
on the trailer. 

WHAT DO YOU NEED TO MAKE 
THE MODIFICATIONS? 

Figures 3 through 7 show locations 
of the major modifications needed to 
make a Cimline pot into an asphalt 
reclaimer. Table I shows the type, 
cost, and order number (if appli
cable) of the items used in pump 
modification. The pump modification 
required about 5 hours of labor. 
Table 2 shows the type, cost, and or
der number (if applicable) of the 
items used to build the flush tank. 
Building the flush tank required 
about 12 hours of labor. 

CONCLUSIONS 

This system, used properly, is 
thoroughly safe and can save the de
partment a considerable amount of 
money by reclaiming hundreds of 
gallons of emulsions or AC oils that 
would otherwise be wasted. By in-

FIGURE 3: Discharge valve (red) - sends material back into distributor or 
emulsion tank. 

FIGURE 4: Suction valve (white) - valve in open position transfers material 
from flush tank to reservoir or back to distributor. 

FIGURE 5: Return valve (red) - valve in the open position allows material to 
be stored in the reservoir. 

TQ8-32 




N/C 

FIGURE 6: Suctibn valve (blue) - valve in the open 
position transfers material held in the reservoir back to the 

distributor or to the emulsion tank. 

FIGURE 7: Diesel valve (white) - used when flushing 
system 

TABLE 1: Material for pump modification. 

UNITS DESCRIPTION DHT;: UNIT TOTAL 
PRICE PRICE 

1 each 2-inch, 90-degree elbow .5046 1.48 

2ead1 Z..ftCh doSi~ son 1.~ 

1 each 2-inch gate valve 42422 23.75 23.75 

'" 2:.tnch101-fridt Mucer N/A 3.29 3.29 

1 each 1-inch female/male swivel 65530 72.25 72.25 

1 eac:t\ 1..fftt.h coupling pipe 4995 .2S .25 

5 feet 1-inch pipe 7229 .69 3.45 

1 uch '-lndlJ,J 2O.foot hose N/A 93.08 93.00(suction) 

2 each 3/8-inch valve 8835 2.26 4.52 

corporating the reclaimer throughout 
tbe state, TxDOT could reduce the 
environmental hazards caused by 
spills or misuse of distributors. This 
inexpensive modification to an exist
ing piece of equipment is a win-win 
innovation - TxDOT saves money 
on materials and reduced need for 
waste treatment while protecting the 
environment. 

If you have questions concerning 
tlie constructio~ and operation of the 
a phaltlemulsion reclaimer, call Gil
b rt Jordan at (915) 757-0663. 

EDITOR'S NOTE: 

A 5-minute video, produced by EI 
Paso District, shows the reclaiming 
system in action. The tape is avail
able on loan from the Research Li
brary. Call Dana Herring at (512) 
465-7644 to order it. 

-

1 ead1 3 to 5-gfIIIon fuel tank N/A as.oq 

TABLE 2: Flush tank materials. 

289.39 

UNITS DESCRIPTION DHT ;: UNIT 
PRICE 

7 each 1 6-gallon drums 

2 joints 1 1/2.Jncb pipe 

10 feet 1 /2-inch cold roll steel 

TQ8-3 

85.00 

TOTAL 

PRICE 


N/C 

39.69 

2.30 

1.80 

43.70 

TQ infonnation is experimental in 

nature and is published for the devel

opment of new ideas and technology 

only. Discrepancies with official views 

or policies of the TxDOT should be 
discussed with the appropriate Austin 

Division prior to implementation. TQ 

articles are not intended for construc

tion, bidding or pennit pwposes. 

-
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BACKGROUND 

Since the early 1970s, many transpor
tation agencies, including the Texas De
partment of Transportation (TxDOT), 
have steadily increased their use of ther
moplastic marking materials (also 
known as hot-melt) for cost-effective, 
long-term, durable pavement markings. 
TxDOT has experienced thermoplastic 
material life spans of six plus years as 
skip line and 10 plus years as edge line 
on roadways exceeding 10,000 average 
daily traffic (ADT) per lane. This type of 
life is not only cost-effective, it greatly 
reduces exposure of TxDOT personnel 
to the hazards of working in traffic. 

Material Content 
Thermoplastic marking materials are 

a mixture of resins, pigments, and glass 
beads. By definition, a thermoplastic is a 

material that can be melted (Fig. I ) and 
solidified several times without signifi
cantly changing its chemical and physi
cal characteristics. Generally, for pave
ment marking materials, either alkyd or 
hydrocarbon thermoplastic resins are 
used. The alkyds are much less compat
ible with oil drippings from vehicles 
than hydrocarbons; therefore, alkyd type 
marking materials stay cleaner on the 
roadway. 

Usage 
When placed properly, paint, thermo

plastic, and tape all provide good day 
and dry-night lane and edge line delinea
tion. Costs varies significantly depend
ing on the material. However, none of 
these materials currently used provide 
any wet-nighttime delineation. There
fore, most southern transportation agen
cies supplement these markings with 
raised, reflective markers to provide de
lineation and guidance during rainy con
ditions at night and use jiggle bars to 
produce an audible sound when one 
runs off the road. 

New developments in thermoplastic 
marker placement equipment shows 
promise of a solution or another method 

to achieve wet-night reflectivity and an 
audible sound at the same time. 

WHAT'S UNDER EVALUATION 

The Materials and Tests Division 
and the former Maintenance Opera
tions Division (D-18) currently have 
three thermoplastic systems and one 
paint-type system under evaluation 
in the Austin area that should pro
duce wet-night reflectivity and an 
audible sound (when run over by a 
vehicle). The word "should" is used 
because, due to our long dry spell, 
only the paint-type system has been 
viewed at night in rainy conditions. 
There is no reason, according to Joe 
Raska, why all four systems should 
not perform although there may be 
some variance in the degree of effec
tiveness. 

Three Thermoplastic Systems 
Two of the thermoplastic systems 

are placed on the roadway by modi
fied extruders (Fig. 2). In one case, 
essentially what happens is two gates 
on the extruder raise momentarily to 
deposit two side-by-side bumps in 
the extruded line (Fig. 3). In the 
other case, a single gate is used, pro
ducing only one bump (Fig. 4). In 
either system the bumps are from 0.3 
to 0.5 inches in height above the top 
plane of the marking. The longitudi
nal spacing of the bumps can be var
ied from approximately 8 inches to 
24 inches. Temperature of the ther
moplastic during placement is some
what critical so the bumps will stand 
up as they should. 

The third thermoplastic system 
(Fig. 5) is also an extrusion process 
but, in this case, a wheel is run down 
the extruded material right behind 
the extruder, but ahead of the beader. 
The wheel presses transverse slots 
the full width of the stripe at inter
vals approximately one and three
sixteenths of an inch apart. 

TQ8-3 

FIGURE I: Thermoplastic is melted and transferred to the placement vehicle of 
the US 183 job. 
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FIGURE 2:-Forming the ridges within the stripe with a modified extruder. 

FIGURE 4: Example of a single 
transverse bump (US 183). 

FIGURE 3: Close-up of side-by-side 
thermoplastic bumps on US 183. 

FIGURE 5: Transverse slots pressed FIGURE 6: The five trans\Ierse dots 
into yellow thermoplastic. of methyl methacrylate that make up 

"Spot-Flex." 

dge and skip lines were placed 

on the above reference evaluation 

projects. 


Thermoplastic Costs 
Based on estimations from the 


thermoplastic manufacturers one ton 

• (2600 	Ib) will yield approximately 
6,000 linear feet of 4-inch stripe 
wi th the baseline being 0.060 inches 
thick and the raised portions being 8 
to 20 inches apart. Installation costs 
of this type of stripe should be be
tween 40 and 45 cents per liner foot 
on a project equivalent to 10 miles 
of fom-Iane divided roadway. . 	 . 

-Tile Paint-Type System 
The paint-type (100% solids meth


acrylate) is normally referred to as 

"Spot-flex." This system consists of 

a transverse series of five dots ap

proximately one-half inch in diam

eter and five-thirty-secondths of an 

inch in height to form a four inch 

w~de line (Fig. 2). The transverse 

rows of dots are spaced approxi-' 

mately two inches apart longitudi

na.lly down the road. When run over 

w' th a car at speeds greater than 30 

miles per hour. this system produces 

a audible humming sound, the 

hi~her the speed the higher the pitch 

on the humming sound. A special 

type of gun is utilized in application 

to apply the dots. 


SPECIAL PROVISION TO ITEM 666 

The Materials and Test'> Division has 
provided the Waco District with technical 
information that can be utilized as "plan 
notes" or as a "special provision" in con
junction with the TxOOT 1993 Standard 
Specitications for Construction of High- .' 
wjlys. Streets and Bridges, Item 666, 
"Reflectorized Pavement Markings," for 
an experimental project. 

If you would like to consider a 
project, please contact Cathy Wood. 
P. E., Traffic Operations Division, 
(512) 416-3158 or John Bassett. Act

ing Chemical Engineer, Materials and 

'Ii sts Division. at (512) 465-7922. 

The plan notes or special provision 

have to be tailored for each project 
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1994 RESEARCH PROGRAM OUTLINED 

Department personnel and univeISity ated and scored by one of four Research committee recommends to the TxDOT 

researchers submitted 450 research prob Area Committees. The Area Committee Research Development (R&D) Commit
lem statements for consideration for the then takes a closer look at the highest tee which problem statements should be
1994 Texas Department of Transporta scoring one-third and ranks these prob come proposals. The R&D Committee 
tion research program. Depending on the lem statements according to department approved 27 research proposals for fund
problem statement's subject, these pre needs, combining similar problem state ing in 1994. They are as follows: 
liminary problem statements are evalu ments into one. The chairman of each 

Area I: "Planning, Economics, Environment, and Transit" 

Reseilrch Study 
Agency Number Study Title 

TIl 0-1353 An Evaluation of High-Occupancy Vehicle Projects in Texas 

CTR 0-1356 Impacts of Cu"ent Financing Methods on Transit Systems and Evaluation of 
Altemative Rnancing Schemes 

TIl 0-1357 Improving Assignment Results for Air Quality Analyses 

TIl 0-1358 Congestion Management and Air Quality Benefits ofTransportation Improvements 

TIl 0-1361 Investigation of Land Use, Development, and Parking Policies to Support the use 
of High-Occupancy Vehicles (HOV) in Texas 

Area II: "Materials, Construction, Maintenance, and Pavement Design" 

Research Study 
Agency Number Study Title 

CTR 0-1367 Performance Based Seal Coat Grade Asphalt Specifications 

UTEP 0-1369 Testing Methods for Reclaimed Asphalt Pavement (RAP;) 

TIl 0-7371 Evaluation of Joint Sealants 

TIl 0-1377 Improving Asphalt MaintenanceMixtures 

TIl 0-1378 Development of Ride Quality SpeCification Criteria for ACP Overlays 

TIl 0-1379 Temporary Erosion Control Methods 

Area III: "Traffic Operations, Geometric Design, and Right-at-Way" 

Research Study 
Agency Number Study Title 

TIl 0-1389 Development of a Multi- Vendor Environment for Traffic Controllers 

TIl 0-1390 Determination and Evaluation 9' R~maindel Characterist/a which 

Significantly AHect R;ght-ol-Way Costs 


TIl 0-1392 

TIl 0-1393 

CTR 0-1394 

Cl1l 0-1441 

TIl 0-1498 

Effective Detector Placement for Computerized Traffic Management 

Determination of Capadty and Level of Freeway frontage Roods 

Detection and Mitigation of Roadway Hazards for Bicyclists 

Mower-Thrown-Object Accidents 

Study of Visibility, Spacing, and Operational Issues of Freeway Lane 
Control Signals in Texas . 
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TXDOT RESEARCH YIELDS MEASUREMENT-BASED 

REVISIONS FOR SEGMENTAL BRIDGE DESIGN AND 


CONSTRUCTION SPECIFICATIONS 

by Carin Roberts Wollmann, Ph. D. 


from her dissertation, 


Measurement Based Revisions for 

Segmental Bridge Design and Construc


tion Criteria [Ref. I J. 

Excerpted by Pat Bachman, P.E. 


Bridge Software Development Engineer 

Information Services Division 


Texas Department of Transportation 

and by Kathleen Jones 


Information Specialist 

Office of Research and Technology Transfer 


Texas Department of Transportation 


BACKGROUND 

The San Antonio "Y," an urban 
viaduct admired for its aesthetics 
and its effective staged construction, 
is a research instrument as well as a 
structure (Fig.l). Over the course of 
four years, researchers have recorded 
and analyzed data from instrumented struction, improved performance and adapted to any reasonable curva
spans of this precast concrete, seg decreased maintenance costs of this ture (vertical or horizontal) 
mental post-tensioned structure. Re type of bridge. 

• erected with minimal disruption 
sults of this field study clarify and Segmental post-tensioned con

of ground level surroundings ' 
improve design assumptions and con crete bridges like the "Y" have sev

very aesthetically pleasing struction methods. hnplemen~tion of eral advantages, particularly in ur
the improved criteria will result in ban and in environmentally sensitive · • built in areas where right-of-way 
material economies, streamlined con- areas (Fig. 2). They can be: acquisition is limited 

FIGURE 1: Beneath the "Y." The structure is so named because of the shape of 
the intersection of IH 35 and IH 10 in downtown San Antonio. 
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FIGURE 2: The "Y" was erected above existing travel lanes in very limited 
ROW Construction innovations (like varying the width of the closure pour to 
keep transition boxes of a uniform size, shown here) reduced the overall cost. 

Why was research needed? 
Post-tensioning of precast segmen

tal concrete is, however, a relatively 
new construction technique. Both 
construction experience and field 
verification of design assump
tions are limited. Engineers have 
many questions concerning the design 
and construction of this type of 
bridge. The AASHTO Guide Specifi
cation for the Design and Con
slructWn ofSegmental Concr~ Bridges 
outlines areas of uncertainty, These 
areas include: 

prestress losses in external ten
dons 

effects of thermal gradients 

shear lag 

transverse diffusion of post
tensioning forces 

joint behavior, 

post-tensioning anchor zone be
havior 

• 	 deviator behavior 

All of these areas would benefit from 
studying an instrumented span-by-span 
segmental winged box girder bridge like 
the San Antonio "Y." 

Significance to TxDOT 
The Texas Department of Trans

portation (TxDOT) pioneered precast 
segmental box girder construction in 
the U. S. by building the J. F. K 
bridge in Corpus Christi, (opened to 
traffic in 1973). Florida opened the 
first U. S. externally post-tensioned 
precast segmental box-girder bridge 
in 1981, the Florida Keys bridges. In 
1989, partially in response to the un
expected serious maintenance and 
serviceability problems that the 
Florida Keys bridges' developed after 
only 6 years in service, TxDOT, in 
cooperation with the Federal High
way Administration (FHWA), funded 
an ambitious research proposal to: 

• 	 devise an instrumentation plan 
that would not interfere signifi
cantly with construction of the 
San Antonio "Y" 

collect construction, environmen
tal, and long-term behavior data 

analyze the data 

propose changes to the AASHTO 
Guide Specification for the Design 
and Construction of Segmental 
Concrete Bridges (here after in this 
article referred to as the AASHTO 
Guide Specification) based on the 
field measurements. 

FIGURE 3:' Insider information. Dr. 
Carin Roberts and team measure 

deflections during live load testing. 

Drs. Jack Breen and Mike Kreger 
s u perv ised then-doctoral-candidate 
Carin Roberts in research study 0
1234, Instrumentation of Segmental 
Box Girder Bridges and Muitipiece 
Winged Boxes (Fig. 3), at the Center 

. for Transportation Research, The 
University of Texas at Austin. Study 
0-1234, which ended in August 
1993, has yielded results of interna
tional significance that will be of di
rect aid to TxDOT's newest segmen
tal structure, Austin District's US 
183 urban viaduct. These results will 
also affect the design of a 350-foot 
main span, balanced cantilever struc
ture to be built in Surfside, Texas. 

The TxDOT Bridge Design Sec
tion was particularly interested in 
having: 

a creep model for long-term mo
ment distribution 

• 	 an analysis of semicontinuous unit 
behavior ("poor-boy" continuity) 

an analysis of dual box behavior (in
teraction of adjacent spans trans
versely post-tensioned) 

solutions to construction erection 
problems caused by deformations 
of segments that occur during 
match casting. 

8 TQ8-3 



INSTRUMENTING THE UY" 

Researchers spent much of the first 
year identifying (or devising) instru
ment systems that were accurate, reli
able. and rugged enough to hold up to 
field testing. Thermocouples and elec
trical resistance strain gages on rein
forcing steel, for instance, had to sur
vive being cast into a box girder and 
had to remain working through actual 
span erection in order to be useful. 

Forces in post-tensioned tendons 
are generally difficult to obtain, even 
in the lab, but the researchers had to 
have post-tensioned tendon force 
data for most of the analyses TxDOT 
needed [Ref. 2] . One of the notable 
innovations the research team devel
oped was a dual system (Fig. 4) to 
field measure the average strain of 
an external tendon using both elec
trical resistance strain gauges and 
16-inch mechanical extensometers (Fig. 
5). The system consists of two large, 
high-strength epoxy sleeves with lo
cator disks for the mechanical exten
someter (Fig. 6). The sleeves are cast 
around the tendon. Electrical resis
tance strain gages are fixed on the 
tendon strands between the epoxy 
sleeves. A redirection tube enables 
the grouting of the cable to take 
place after PO,st-tensioning (Fig.7). 
The system is very rugged and reli
able. 

The investigators also developed a 
taut-wire baseline system for mea
suring deflections. Located, like 
most of the systems, inside the box 
girder, this system allows researchers 
to collect fast, accurate deflections 
of the bridge under actua.J traffic 
conditions. 

Other instrument systems measure 
joint openings, concrete strain, con
crete temperature, reinforcing steel 
strain, bearing movement, and solar 
radiatio'n 

CONSTRUCTION · 

Working with the designers and 
contractors, the researchers devel
oped special contract provisions that 
allowed four instrumented spans to 

FIGURE 4: The dual system for measuring post-tensioned tendon force (prior 
to grouting). 

FIG. 5: Schematic of a mechanical 
extensometer. 

6 in. dia. 
Epoxy Sleeves 

./ 

Strand Tendon 2 Mechanical 
extensiometer 
locating discs 

per sleeve 

.FIG. 6: Plan view of epoxy sleeve. 

Epoxied 

FIG. 7: The grouting arrangement. 

be. cast, erected and monitored in 
Project lI-C (Fig. 8) of the San An
tonio "Y" with minimum delay in 
th¢ construction schedule. The pre
cast box girders in Project U-C are 
trapezoidal with long cantilevered 
wings (Fig. 9). They contain a mix
ture of external and internal post
tensioning tendons. The concrete is 
normal weight and averaged 9000 
psi at time of erection. The contrac
tor erected the bridge using span-by
span techniques. 

The researchers and the contrac
tors maintained a very cooperative 
relationship that helped casting and 

. erection proceed smoothly. The 
project experienced no significant or 
unexpected delays due to the instru~ 
menting of the segments . 

The researchers collected valuable 
data pertaining to construction load
ing and prestressing losses through 
stressing hardware during the erec
tion phase. They then monitored the 
bridge at regular intervals through 
August 1993. Since the instrument 
systems remain protected within the 
box girder, more data can be col
lected in the future. 

HIGHLIGHTS OF THE RESULTS 

Study 0-1234 recommends several 
significant measurement-based revi
sions to the AASHTO Guide Specifi
cation. 

10 in. 
19 - 0.6 in. dia. 

10 in. 
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To 
EI Paso 

---

I-A 

I-C 

To 
Austin 

To 
Corpus Christi 

The San Antonio 
uyu Project 

To 
Laredo 

FIGURE 8:The .. Y" construction phasing with detail of instrumented spans. 

58'~~r ' 

magnitude of prestressing force loss 
correctly to ensure that a bridge per, L 
Phase :::J 

IIC 16' 
Box 

Shapes 

26'=cor 
8' 

Constants: Slope of Web Wall - 10:4 . 
 Slope of Wing - 6.4:100 
Depth of Box - 5'-10" 
Depth of Wingtip - 1 0" 

FIG. 9: Phase /l-C box shapes. 

Prestress Losses in Exh!rnal Tendons 
External tendon efficiency is di

rectly affected by prestressi ng loss. 
Bridge designers must estimate the 

forms as expected at service loads. If 
the designer underestimates the 
losses, the deck can crack under ser
vice loads; joints can open or droop; 
or tendons may experience excessive 
stress ranges resulting in fatigue 
problems. If the designer overesti
mates, the bridge may show exces
sive camber and increased creep. 

Prestress losses can happen either 
immediately or over an extended pe
riod . Study 0-1234 monitored a total 
of sixteen tendons in three instru
mented spans. Except for prestress 

losses due to stressing hardware and 
friction losses, researchers confirmed 
that current design criteria predic
tions are suitably close to measured 
values. 

Hardware. Nowhere in the present 
AASHTO code are prestress losses 
due to stressing hardware mentioned, 
even though contractors have long 
known such losses occur and are 
equipment dependent. Study 0-1234 
was able to measure this type of pre
stress loss and recommends that a 
loss of 3 percent should be assumed 
unless the. equipment is known to 
warrant another value. 

Deviators. Researchers observed 
a higher-than-expected average loss 
of stress across deviators, due in part 
to duct misalignment. This misalign
ment caused the actual angle changes 
to be more acute than the design 
value, causing higher friction, there
fore greater loss of force The study 
recommends the addition of an inad
vertent angle change factor at each 
deviator. 

Creep and Long-Term Moment 
Distribution 

The TxDOT designers used a time
dependent, highly specialized frame 
solver, "Bridge Designer," to calculate 
the long-term behavior of the "Y." 
They wanted to compare their pre
dicted values with the actual changes 
in camber and concrete stresses, along 
with the changes in post-tensioning 
forces. The measured deflections 
3:greed reasonably well with the de
flections as calculated by "Bridge De
signer." However, since the designers 
did the analysis before construction, it 
contained some design assumptions 
that did not occur, such as higher than 
actual tendon forces, lower than ac
tual concrete modulus, and a very op
timistic construction schedule. 

THERMAL GRADIENTS 

In the past, some segmental 
bridges have suffered cracking attrib
uted to thermal gradients through the 
girder depth. NCHRP Report 276, 
Thermal Effects in Concrete Bridge 
Superstructures, proposed positive 
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thermal gradients (deck warmer than 
webs) based on U. S. weather station 
data and a finite difference, one-di
mensional heat flow program. The 
authors of NCHRP 276 based nega
tive thermal gradients (deck cooler 
than webs) . on the British Standard 
BS 5400. AASHTO incorporated, 
these gradients into the AASHTO 
Guide Specification in 1989. 

Many designers feel the gradients 
are too harsh - complicated and ex
treme and not required in the design 
of other types of concrete bridges . 

•The San Antonio results appear 	to 
bear out this opinion. 

A Campbell 21 X automatic data 
acquisition system logged data from 
thermocouple arrays (Fig. 10) from 
16 July 1992 to 25 March 1993 

FIG. 10: Schematic of thermocouple 
array in segment. 

without asphalt covering the deck 
and again from 26 March 1993 to 
14 May 1993 with a 2-inch asphalt 
overlay on the deck. Researchers de
termined bridge response by meas'ur
ing bridge deflections and concrete 
strains on four separate occasions for 
12 to 14 hours. During these obser
vations, they connected a solar radia
tion pyrometer to the data acquisition 
system and also recorded temperatures 
(using a hand-held thermometer) in
side, underneath, and on top of 
the bridge. 

As Dr. Roberts observes in her 
dissertation: 

The positive thermal gradients for 
. the untapped condition measured 
pver the course of many months in 
San Antonio never approached the 

Maximum positive t~mperature gradients 

No Topping Topping 


Temperature Difference (OF) 	 Temperature Difference (OF) 

o 10 20 30 40 o 10 20 30 40 

46 

August 11,1992 

•••••• AASHTO 
-Measured 

•••••• AASHTO 
-Measured 

August 14,1993 

Maximum negative temperature gradients 
No Topping 

Temperature Difference (OF) . 

20 10 o 

22 15 

•••••• AASHTO 
-Measured 

November 5,1992 

Topping 
Temperature Difference (OF) 

20 10 o 

-
May 23,1993 

•••••• AASHTO 
Measured 

· · · · · ··· 

FIG. 11: Maximum positive and negative thermal gradients 

NCHRP design gradient. In fact the 
top surface temperature difference 
for the unsurfaced condition never 
attained more than 50 percent of the 
NCHRP value. While it might be re
motely possible that the design gra
dient might occur, for the San Anto
nio "Y" project with the light colored 
concrete and roughened surface, its 
occurrence is unlikely. Once the top
ping was laid the gradients became 
larger and more closely approached 
(approximately 80 percent) the de
sign gradient (Fig. 11). The NCHRP 
and New Zealand design gradients 
indicate that the gradient should de
crease with the addition of a topping, 
while the current measurements iTldi
cate that the opposite is true .... 

The erratic agreement of the pre

dicted and actual thermal gradients 
cQuld indicate errors in the original 
analysis which was used to develop 
t~e gradients. The original work was 
confirmed with only two days of 
measurements on a bridge with an 
asphalt topping. No further confir
mation was provided .... 

... A possible approach to allow 
for the extreme improbability of the 
positive design gradient ever occur
ring would be to allow a substantial 
r duction in design gradient based 
on local conditions such as city pol
lution, very windy areas, known ab
s'(J rptivity constants, or high traffic 
vplumes which cause air stirring. 
[Ref. 1, pp. 267 - 273] 

The measured negative gradient 
for the un topped case was approxi
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mately 80 percent of the design 
negative gradient; while for the case 
with topping, the measured gradient 
was less than 50 percent of the de
sign gradient. Based on the study re
sults, the researchers concluded that 
the negative design gradient is con
servative, but possibly appropriate, 
for San Antonio. 

POOR-BOY CONTINUITY 

One 2-span unit was actually two 
simple spans made continuous by a 
mildly reinforced top slab continu
ing over an intermediate pier with no 
continuous post-tensioning tendons 
(Fig. 12). This unusual form of con
tinuity, known as "poor-boy," is de
sirable because it: 

is easier to design and construct 
than a multispan continuous unit 

• 	 allows single spans to be replaced 
if damaged. 

• 	 simplifies tendon layout 

75 .0' 

Elevation 

"Poor-boy" Slab ~ II 
n !:::::---:---:------==! 

Span Cl 0Span C9 

"Poor-boy" Slab 

Section at Pier 

FIGURE 12: Schematic of poor-boy closure slab. 

The actual behavior of this feature in
terested the TxDOT designers since they 
plan to use all poor-boy construction on 
the US 183 project. The top closure 
(Fig. 13) and slab C9 both contained in
strumentation that monitored deflections, 

web strains, and continuity-slab surface 
strains. Researchers took readings before 
loading, with trucks on span C9, with 

Continued on page 18 

NEW SOIL NAIL WALL TRIED IN DALLAS DISTRICT 

by Thomas R. Elliott, Jr. 


Field Research Technician 

Office of Research and Technology Transfer 


BACKGROUND 

The French first developed soil nail
ing in the early 1970's. Soil nailing is a 
construction technique that uses closely 
spaced structural inclusions ("nails"), 
which are not pretensioned, to improve 
the soil's overall shear strength. It has 
been used extensively in Europe and 
Great Britain, principally for temporary 
support of excavations. Permanent soil 
nail walls are now being constructed in 
the United States and elsewhere. Perma
nent soil nail walls offer significant p0

tential savings over conventional earth 
retaining systems because of the ease of 
construction and the structural benefits 
of spreading the face loads over a large 
number of nails. 

Texas Department of Transporta
tion (TxDOT) has one such project 

12 

on IH 30 at SH 205 near Rockwall 
in the Dallas District. The geometric 
situation required a U-turn lane for 
the eastbound service road of IH 30. 
The embankment under the bridge 

had to be removed to provide the ad
ditional space (Fig. 1). Due to the 
limited space and obstacles, the de
sign engineers selected soil nail walls to 
retain the slope. 

FIGURE 1: The completed soil nail wall on IH 30 at SH 205. 
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The Dallas District soil nailing 
project provides a good example of 
the construction phases on this type 
of retaining wall. These walls, con
structed from the top down, provide 
their own support during erection 
(Fig. 2) . This construction feature is 
an obvious advantage, eliminating 
the need for temporary supports and 
thus reducing construction costs. The 
use of soil as part of the wall further . 
reduces the overall cost. The soil 
nruls also allow a certain amount of 
fl exibility in construction . Workers 
can avoid existing structures or ob
stacles by repositioning the nails, 
averting costly time delays. 

The wall has 516 twenty-foot nails. 
These nails are #6 epoxy-coated Dy
widag threaded bar. At its highest point, 
th wall has six rows of nails, with the 
nails approximately 2.5 feet apart. The 
nail holes are drilled at 10 degrees below 
,horizontal, are 20 feet long and 6 inches 
in diameter. Each of the 20-foot nails 
has four 6-inch plastic spacers designed 
to keep the threaded bar in the center of 
the hole. With the nail in place, workers 
use a 20-foot piece of I-inch PVC pipe 
to shoot the grout into the hole from the 
~ide out. They do not remove the pipe 
from the hole until the hole is almost 
filled with grout. Keeping the pipe in en
sW'es that the hole has no voids. After 
completing one horizontal row, workers 
place a 6-inch x 6-inch welded wire fabStep 2. Nail Installation 
ric to reinforce the cut face. With the 
welded wire fabric placed, workers ap
p 'Y a 3.5-inch layer of shotcrete to the 
cut face, providing additional support. 
Workers then place a 6-inch x 6-inch x 
.25-inch bearing plate and nut on the 
threaded bar once the shotcrete is ap
plied (Fig. 3). 

0riginally, ·the plans called for 
• drainage mats between the soil and 

_ the shotcrete. District personnel dis
covered that the prefabricated drain
age mats could not be placed next to 
the soil before the shotcrete was ap
plied because the mats were dam
aged when the shotcrete was chipped 
away after drying. Instead, they 
placed weep holes in the shotcrete 
and put the drainage mats over the 
weep holes. Then they erected a 9~FIGURE 2: Soil nailing construction schemtic. Steps 1 through 3 are repeated 

until the desired elevation is reached. 
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FIGURE 3: Detail of welded wire fabric and bearing plate arrangement. 

inch permanent concrete wall to com
plete the project. 

For evaluation purposes, the district 
modified the plans for this project to in
clude instrumentation (Fig 4). The modi
fication called for a total of two incli
nometers and 60 strain gauges placed 
throughout the wall. These strain gauges 
also have temperature reading capability. 

Construction ended on the wall in 
July 1993, and it is functioning satis
factorily. The instrumentation is work
ing properly. Henley and Johnston 
Engineering is gathering the data for 
future evaluation by TxDOT. 

For more detailed information, re
quest International Technology: FHWA 
Tour for Geotechnology - Soil Nail-

FIG. 4: Gathering strain gauge and 
other data for perfonnance evaluation. 

ing, pUblication number FHWA-PL-93
020, from the Research Library. Call 
Dana Herring at (512) 465-7644. 

SPECIAL THANKS TO: 

Gary Andrews, Project Manager, 
Dallas District. 

A LOOK AT THE CONSTRUCTION AUTOMATION 

LABORATORY, UT AUSTIN 


by Dr. Carl Haas 

Assistant Professor of Civil Engineering 


The University of Texas at Austin 


Technology iI) the construction indus
try is changing rapidly. Preassembly and 
modularization are changing the way fa
cilities are put together. Information 
technology is improving, and safety has 
become a top priority. Real needs exist 
for the introduction of automation tech
nologies that can improve safety and 
productivity and also exploit the possi
bilities introduced by technologies such 
as site positioning systems and advanced 
sensing and computing. Focusing on 
construction, maintenance, and opera
tions in transportation, the Construction 
Automation Group at the University of 
Texas at Austin is active in several re
search, development, and implementa

tion projects. This article describes 
four of those projects and how they re
late to TxOOT. 

AuroMATED ROAD MAINTENANCE 

The nation's highway network is 
aging, while the volume of traffic 
that it supports is increasing. Envi
ronmental regulations are becoming 
stricter, and the costs of road mainte
nance are on the rise. Road mainte
nance technology, however, has re
mained largely unchanged for decades. 
Maintenance typically involves small 
scale, dispersed activities performed un
der traffic conditions by relatively Iow 
skilled laborers with basic equipment. 
Conventional road maintenance meth
ods will be seriously strained to meet 
the increasing demands of the future. 

Automated road maintenance has 
tremendous potential to improve this 
situation. Safety in particular can 
benefit by removing workers from 
dangerous conditions, and related re
ductions in labor costs can be very 
significant. Fuel consumption and 
user costs can be reduced by mini
mizing interference between traffic 
and maintenance crews, enabling 
nighttime maintenance operations, 
and ensuring high quality work. Au
tomated crack sealing, movable bar
rier systems, and mobile automated 
traffic signals show real potential for 
achieving these benefits as do auto
mated line painting and mechanized 
safety cone placement. A number of 
other promising technologies also 
exist. 

Current work at UT is focused on 
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FIGURE 1: Prototype crack sealing unit. 

reducing both the · operational and 
user costs of road maintenance while 
enhancing safety and environmental 
features. An economic anaJysis by 
Carnegie Mellon University esti 
mates nationwide savings of several 
million dollars per year for auto
mated crack sealing alone. The cor
responding reductions in user costs 
and fuel consumption are predicted 
to be much greater. Working with 
TxDOT personnel in an effort to im
prove current maintenance methods, 
several tasks have been recently 
completed, including: 

• 	 a comprehensive survey of auto
mated road maintenance equip
ment in prototype and commer
cial stages, 

• 	 the generati<.>n of a model to ana
lyze the costs and benefits of au
tomated road maintenance, 

• 	 the acquisition of detailed data on 
TxDOT road maintenance meth
ods and expenditures in order to 
identify automation needs, 

• 	 a study of productivity and con
tracting practices for crack seal
ing in Texas, 

• 	 an evaluation of multisensor strat
egies for crack mapping including 
use of a laser-radar (LASAR,m) 
sensor, single axis range sensors, 
and partially automated alterna
tives, and 

• 	 the generation of a model to 

TQ8-3 

rank the potential of automated 
systems including costs, safety 
and environmental benefits, and 
technical feasibility. 

LARGE-SCALE MANIPULATORS 

Large-scale manipulators (LSMs) 
show tremendous promise in con
struction. Their forms vary from auto
mated backhoes to multilink, single 
purpose concrete pumps. 

At the University of Texas, an 8
link manipulator with a 65-foot 
working radius is used as an experi
mental test bed for LSM research 
(Fig. 3). This hydraulically powered 

manipulator is unique because of its 
large dimensions, multiple degrees 
of freedom, and multifunctional po
tential. Researchers began a pioneer
ing p~ogram in 1987 to develop en
hanced control technology for the 
manipulator and to assess its useful
ness in industrial and heavy con
struction. Some of the work com
pleted .to date includes: 

• 	 design and fabrication of an "ergo
stick" concept of an intuitive user 
friendly man/machine interface for 
control, 

• 	 design and development of a digi
tal control system which allows 

FIGURE 3: Prototype manipulator system. 
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the use of the "ergo-stick" con
cept and also provides the adapt
ability oeeded for implementing 
other advanced control concepts 
such as straight line and recorded 
motions, 

graphical simulation of the ma
nipulator using commercially avail
able software packages, 

field studies involving productivity 
comparisons of the manipulator and 
a cheny picker for various tasks. 

Potential applications of the ma~ 
nipulator in TxDOT operations in
clude: 

• 	 sandblasting and painting structures 
- Removing workers from close 
proximity to these operations im
proves safety. With its large lift ca
pacity, the manipulator can be fit
ted with blasting AND containment 
equipment that will reduce the dis
tribution of blast particulate into the 
atmosphere. 

• 	 large rebar and rebar cage place
meht on bridge decks - Improv
ing productivity by reducing la
bor intensity lowers operational 
costs. More importantly, project 
duration ~ay be reduced thus re
ducing user costs related to con
struction. 

• 	 concrete distribution on bridge 
decks - By attaching concrete 
pumping hardware to the manipu
lator, it ~an become multifunc
tional, thus speeding up bridge 
construction and repair opera
tioos. 

• placing overhead signs and 	struc
tures from beside the road - Re
moving workers from this opera
tion can improve safety. 

• remote inspection 	of complex struc
tures - With eight degrees of 
freedom and a tremendous reach, 
the manipulator (fitted with video 
cameras and other sensing de
vices) can access difficult areas 
for inspection and surface finish
ing. 

• 	worker placement for manual in
spection. 

AUTOMATED SURFACE 
REFINISHING 

Automating surface finishing for 
large storage tanks can yield signifi
cant cost, environmental, and safety 
improvements over conventional sand
blasting and repainting methods. The 
conventional procedures can contami
nate the environment and are hazard
ous, exposing workers to dust, harm
ful paint components, and possible 
injuries due to falls . Strenuous work
ing conditions and worker fatigue 

contribute to an inconsistent quality of 
the applied coating. 

Fundamental technology for auto
mated tank refinishing is being de
veloped at UT. A prototype system 
has been built for use on large diam
eter tanks (Fig. 4). The system is 
comprised of a control station and a 
remotely operated cart with paint 
and blast overspray hoods. The cart, 
which is manipulated over the tank 
wall with cables (Fig. 5), will blast 
and paint the vertical, exterior areas 
that are not restricted by pipes, 

FIGURE 4: Prototype automatic repainting unit. 


Prototype Development - System Mobility 


Control 
System 

Support 
Cable 

Limit of Accesible 
Work Area 

Printing or 
Blasting Process 

Equipment 

FIGURE 5: Prototype automatic repainting system. 
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stairs, or other structures . The con
trol station is located on the ground 
to remove the operator from the haz
ardous conditions as much as pos
sible. Although initially developed 
for tanks, this technology can be ex
tended to include other large, uni
form structures. Quality js improved 
over manual work, and initial obser
vations reveal significant productivity 
improvements. 

Applications of the techn<?logy to 
TxDOT property such as cleaning and 
recoating concrete median barriers in 
high traffic areas are likely though ad
aptations would be required .. 

COMPUTER-AIDED CRITICAL 

LIFT PLANNING 


Hundreds of millions o( dollars 
are spent annually in the United 

. States by industrial owners and con
tractors on. critical lifts. While the 
number of critical lifts is increasing 
yearly, the number of experts who 
plan these lifts is decreasing. At the 
same time, lift planning is becoming 
more complex, and owner tolerance 
of the risk of catastrophic damage to 
their operating facilities is decreas
ing. These problems have motivated 
planners to explore the use of com
puter technology to aid in the lift 
planning process. For example, two
and three-dimensional graphics are 
used to check clearance much as 
two-dimensional cut-outs were used 
manually in the past for the same 
purpose. However, such direct auto
mation of manual processes exploits 
only a fraction of t~e potential of 
computer technology in this domain. 

UT is developing the fundamental 
technology for computer-aided criti
cal lift planning. Researchers are ex
ploring the potential to lower lift 
planning and execution costs, the po
tential to improve lift reliability, and 
the transparent automation of labori
ous calculating and draw.ing tasks to 
enhance the planner's capabilities. 
Results to date include documenta
tion of fundamental planning proce
dures, a graphical simulation shell, a 
dynamic relational database link, and 
interactive planning algorithms. 

Girder lifting _and placement for 
overpass and bridge construction may 
benefit from computer-aided planning 
tools. Graphical simulation of critical 
con~tnlction sequences such as work 
around busy intersections may also 
benefit the planning and communica
tion processes. 

SUMMARY 

Several technologies being devel
oped by the Construction Automation 
Group .at the University of Austin can 
likely be adopted to improve current 
TxDOT construction, maintenance, 
and operations activities. Facilities 
used in automation research and tech
nology development at UT include 
several PCs, workstations, and output 

devices, as well as the large-scale 
man ipulator, the crack sealer, an im
age processing workstation, sandblasting 
and painting equipment, and a test wall 
for automated surface finishing . The 
Construction Automation Group is ea
ger to put these facilities to use for 
the benefit of the Texas Department 
of ransportation. 

EDITOR'S NOTE 

FOr more information on TxDOT and 
robotics, please see the lead article 
in Focus on Research 1-2 concerning 
Study 0-1440, Application of Robotics 
and Other Automated Techniques to 
the Construction, Maintenance, and 
Inspection of Highway Systems. Call the 
TQ editor for a copy (512) 465-7947. 

• The latest word on estimates? 
• Updated info on spec changes? 
• News on hot construction issues? 

CONSTRU€TION 

AND CONTRACT 


ADMINISTRATION 

lIeS 

call Mike Koen, P .E., 
Construction and Maintenance Division, 

(512) 416-2468 
for your copy today ! 
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FIG. 13: Slab C9 poor-boy closure. 

trucks on span C 10, and final readings 
with no load on C9 or C I O. 

The ayerage measured deflection is 
smaller than either of the calculated de
flections (Fig. 14). The measured top 
slab strains were quite small, and no 
cracking occurred under full live load. 

These facts indicate at least par
tial continuity between the two spans 
in the poor-boy continuous unit. Ten
sion in the top slab coupled with 
friction between the fixed bearings 
and the bottom slab creates that con
tinuity. The degree of continuity can 
be modeled with a suitable two-di
mensional elastic frame program like 
"FRAME2D" [Ref. 3]. 

DUAL BOX BEHAVIOR 

Many of the ramp transition areas 
of the "Y" contain two adjacent 
spans transversely post-tensioned to
gether (Fig. 15). TxDOT designers 
wanted to know how the two inter
acted. The research team measured 
the response of the ramp span first 
with it under load and then with the 
mainlane adjacent span under load. 
The measured deflection was 15 per
cent greater than the calculated de
flection that assumed the boxes are 
working as one unit and 55 percent 
less than the calculation that as
sumed the two boxes were acting 
independently. The measured stress 
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Segmental Bridge Design and Construction ... continued from page 12. 

17.5' 12' 4' 8' 4' 12' 

,8 ,8 ,8 ,8 ,8 ,8 
0 0 0 0 0 0Abut 0 0 0 VI 0 VI n..,.co 0- coC9 "!. 0-- ~- ,,; Pier 
~ ~ci ci 
N rr> N rr> rr> N C10 

Span C9 Axle Loads 

0.025" 

0.050" 

0.075" 

0.100" 

with Live Lo~d on Span C9 ,. 

~ 

Deflections of Span C9 

FIGURE 14: Measured poor-boy deflection vs. full continuity and simple span 
calculations. 

changes in tendons l!nd the web 
strains were both quite small. 

These results show that adjacent 
boxes transversely post-tensioned do 
work together to carry loads placed 

~on one box only, although the inter
Adjacent Boxes 

action is less than predicted. Re Transversely Post-tensioned 
searchers attribute the lower-than-ex
pected interaction to slight shrinkage '=Qoor=
or cracking of the closure slab. Transition Box 

,
HEAT DEFORMATION OF ~ 

Single Box MATCH CASTINGS 

Adjacent Independant Boxes 

FIG. 15: Schematic of a ramp split 
"In general," Dr. Roberts reports, showing position of adjacent post

"all casting operations proceeded tensioned boxes. 
smoothly. The casting crews were 
very experienced. . .. The yard ran ment production results in fewer 
much like a manufacturing operation erection problems." [Ref. I p. 38] 
as opposed to a construction opera Even this experienced and diligent 
tion. The quality control team crew, however, turned out some match 
worked hard to ensure a very high castings with one face inexplicably 
quality product, since superior seg- curved. When the erection crews applied 
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temporary posHensioning to these seg ing, still in a plastic state, conforms approximately six hours after cast
ments, the joints gapped and were to the bowed face . and sets that way ing. The amount of deflection is de
difficult to close (Fig. 16). The gap (Fig. 17). The older casting returns pendent on the: 
ping led to reductions in closure to its original shape as it cools. 

pour size and raised questions about The research team devised an ·in • 

joint durability. Since bowed match genious system of precision rulers, 
 • 

. castings had occurred on early phases mirrors, and taut piano wire to mea
of the "Y," TxDOT requested that ' sure actual deformations of the faces 

•Dr. Robert's team study the problem during setting. Researchers recorded 

and determine how to avoid it. temperature changes from two lines 


Heat of hydration in the newly of eight thermocouples cast into 

cast segment is the culprit. The high each segment of the instrumented 

heat of hydration warms the adjacent spans. They read temperatures and 


•face of the older casting causing it to deformations at hourly intervals for 

expand faster at the edges than the several days following casting. The 

center. This expansion causes the critical deformation (the one result

older casting to bow. The new cast- ing in a permanent bow) occurred 


concrete mix design 

width-to-length ratio of the seg
ment 

ambient temperature (cooler is 
worse) 

time of casting (morning is better 
than evening) 

age of the segment being matched 
(older segments' temperatures are 
stable, reducing the gradient). 

a) First two segments 
are dry matched 

b) First two segments 
are epoxied and tem
porary post-tension
ing is applied. Seg
ments deform to 
close joint. 

c) Gap to be closed during 
second temporary post
tensioning operation is 
larger than first. 

~.......... . 
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d)Gap size continues to increase. 
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Q) 
a:: 

a) First segment is 
cast square 

n orm 
b) First segment is plated 

in match-cast position 
and adjusted as required 
for geometry control. 
Temperature cools. 

c) Heat of hydration of 
second segment sets 
up a thermal gradient 
in the first which causes 
it to bow (L1). 

.' 

d) Segments cool to constant 
temperature. First segment 
returns to original shape, 
second segment retains one 
curved side. 

FIGURE 17: How bowed segments occur iT) match casting. 
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Measures to Reduce Deformation 
Study 1234 outlines a design and 

construction approach that includes 
determining the worst case design 
gradient, calculating the segment de
formation at the time on concrete set 
and the cumulative deformation for 
all segments within a span, and re
quiring measures to reduce the ther
mal gradient during casting if the cu
mulative span deformation exceeds 
0.75 inches or anyone span's defor
mation is above 0.05 inches. 

Any reasonable means of Warm
ing the segment being matched 
should help reduce thermal-gradient
induced bowing. Isothermal enclo
sures or curing blankets and plastic 
sheeting may be enough in Texas. 
Continued steam curing may be nec

. essary in colder climates. The re
searchers recommend thermocouples 
to monitor internal heating. 

GENERAL OBSERVATIONS 

The live load testing of the three
span continuous unit showed that the 
San Antonio "Y" is an extremely 
stiff structure and behaved very pre
dictably. External tendon stresses are 
very 	 small during live loading, so 

. tendon fatigue should not be a prob
lem. 

The 	researchers observe.d no 
opening of the epoxied joints during 
construction testing or under traffic. 
The epoxy joints behaved very simi
larly to adjacent monolithic concrete. 
Epoxy joints appear to have a higher 
capacity for direct shear force than 
dry joints. 

Field measurements indicate that 
strut-and-tie modeling can be used to 
design safe, serviceable heavy end 
diaphragms and deviators. 

SUMMARY OF RECOMMENDA
TIONS MADE TO AASHTO 

.The following is a bare-bones 
summary of Study 1234's measure
ment-based revisions recommended 
for the AASHTO Guide Specifica
tion. 

-• 	 Account for 3 percent loss in 
prestress through stressing hard
ware. 

Increase theoretical angle change 
at each deviator by inadvertent 
angle break of 0 .04 radians. 

Reduce thermal gradients by 20 
percent, and increase allowable 
stresses outside precompressed 
tensile zone 

Simplify and clarify effective 
flange width procedures. 

• 	 Check direct joint shear capacity 
of dry joints 

• 	 Promote the use of strut-and-tie 
modeling as a good tool for 
heavy erid diaphragm and de
viator design 

• 	 Disseminate the fact that seg
mental bridges are very stiff and 
behave quite predictably under 
live loads 

• 	 Understand that external tendon 
fatigue should not be a problem 
because the stress increases under 
live load are very small 

Predict and control thermal gradient 
deformation of match castings 

EDITOR'S NOTE 

Instrumentation of Segmental 
Box Girder Bridges and Multipiece 
Winged Boxes (CTR 0-1234) is a 
fine example of a truly cooperative 
research project. By use of solid ad
vance planning, the researchers were 
able to gather extremely valuable 
field data during construction with
out hindering the construction opera
tion. The contractors were very inter
ested in the outcome and helpful. 
The TxDOT Technical Panel, chaired 
by Pat Bachman, P.E., worked very 
closely with the researchers and the 
contractors in all phases of the study. 
(The research community awarded 
Mr. Bachman the M. D. Shelby Award 
for excellent technical assistance this 
year for his efforts on Study 0-1234.) 
Although the project was long and 
complex, it proceeded smoothly be
cause of the mutual respect and dili
gence shown by all parties. 
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NEW TXDOT TEMPORARY SEDIMENT CONTROL 

FENCES SPECS SUMMARIZED 


by John A. Teamah, the general permit requirements for ment of Transportation (TxDOT) con
Engineering Assistant III storm water discharges at construction struction projects. 

Materials and Tests Division sites. The regulations required that To comply with the new rules, TX 
Texas Department of Transportation each construction project clearing DOT developed a specification for 

land area larger than five acres should "Temporary Sediment Conlrol Fence" 
BACKGROUND administer a "Storm Water Pollution that could be incorporated into the 

Prevention Plan" (SW3P) to manage SW3Ps of TxDOT's construction 
On Septtember 9, 1992, the EPA storm water runoff. These regulations projects. Temporary sediment control 

issued rules (40 CFR 122) to establish affect essentially all Texas Depart- fences (silt fences) are erosion con
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trol devices consisting of geotextile 
fabrics placed vertically on supports. 
The geotextile fabrics intercept and 
detain water-borne ' sediment while 
allowing percolation of water, Silt 
fences are used for the purpose of 
decreasing the velocity of runoff 
flows so that sedimentation can take 
place. 

ciency (no in-service clogging). The 
clogging phenomenon was. noted al
most exclusively in fences using 
nonwoven geotextile fabric, Field re
ports indicated that sometimes storm 
water runoff overtopped or flattened 
the fence by the hydrostatic head de
veloped against the clogged non
woven geotextile fabric. The over-

Unlike the conventional weaving 
techniques, nonwoven geotextiles are 
produced by extruding melted poly
mers through dies or spinnerets. The 
bonding processes of the filaments 
produced take several types of treat

.	f!1ents which include chemical (syn
thetic resin), thermal (heat bonded), 
and mechanical (needle punched) 

FICURE 1: Woven fabric 'O. 70-inch rainfaLl. FICURE 2: Nonwoven fabric after 1.54-i(lch rainfaLL. 

The specification described three 
types of temporary sediment control 

. fences: 

1. 	 Type 1 was a self-supporting fence 
using-a woven geotextile fabric. 

2. 	 Type 2 was a net-reinforced fence 
using a nonwoven geotextile fab
ric. 

3. 	 Type 3 was a triangular filter dike 
using nonwoven geotextile fabric. 

The initial specifications for the non
woven geotextile fabric were modifica
tions of existing specifications for fil ter 
fabric. Filter fabric is designed to al
low water to flow through, but to retain 
soil particles. 

THE PROBLEM 

One early field problem was diffi
culty with some fabrics to meet 
equally the requirements of retaining 
maximum amounts of sediment 
while providing hjgh flow rate effi

topped fence then resuspended silt 
previously caught behind the fe~ce, 
thus increasing the amount of sedi
ment carried off-site. Field personnel 
reported that the clogging of non
woven silt fences resulted in their re
placement after virtually every rain
fall event. 

WHY 

The differences in the manufac
turing processes of woven and non~ 
woven geotextiles influence the pore 
geometry of the fabric and, hence, 
the hydraulic' characteristics such as 
apparent opening size (AOS), per
mitivity and permeability, and clog
ging and blinding resistance. 

The woven geotextUes are manu
factured on conventional textile weav
ing machinery into a wide variety of 
fabric weaves. The woven geotextiles 
have regular openings which allow 
water flow across their manufactured 
plane. 

bonding. The nonwoven geotextiles 
have random distribution of openings 
or 	lack distinct and measurable 
openings. This requires water to take 
a tort uous path in the plane of the 
fabric in order to travel from one 
side of the fabric to the other. 

In essence, these two types of 
geotextile fabrics function differently 
in their mechanism of water trans
mission and one would expect them 

. to function differently in erosion 
control devices. 

FIELD INVESTIGATION 

An in-field test section study was 
conducted to determine the effective
ness of woven and nonwoven geo
textiles in silt fence applications. 
During the test section study, Type 2 
silt fence designs using woven and 
no'nwoven geotextiles were deployed 
at se ec ted locations; photographs 
were taken before and after rainfall 
for evaluation; and discussions were 

TQ8-3 	 21 



held with various field personnel. 
Early experie.nce with wind damage 
failures of Type I designs and instal
lation and maintenance difficulties 
with Type 3 designs precluded evalu
ation of these fences and resulted in 
a recommendation to eliminate their 
use . 

Three construction projects in the 
Austin District of the TxDOT were se
lected for deploying silt fences. These 
projects were located in areas with an 
annual rainfall of 32 inches and in 
both environmentally sensitive and 
non-environmentally sensitive areas. 
The trial placements were designed 
to determine which fabric material, 
woven or nonwoven, would achieve 
the following results during a rain
fall: 

1. 	 reduce in-flow velocities without 
water ponded behind the fence; 

2. 	 trap water-borne sediment from 
storm water runoff; and 

3. 	 require less maintenance and 
show overall cost effectiveness. 

The silt fences were mainly de
ployed within the confines of a ditch 
at recently disturbed areas and slopes 
with low-level channel flows. 

FINDINGS 

The findings of this study indicate 
that the woven geotextiles were ef
fective in trapping water-borne sedi
ment, while allowing percolation of 
water. These deployments required 
little maintenance during the first 
test sections. The woven geotextiles 
could be broomed and put in service 
without replacement after a rainfall. 
This type of maintenance can in
crease the useful life of woven 
geotextile silt fence to perhaps five 
months or more through multiple 
rainfall events. 

The nonwoven geotextile fabrics, 
on the other hand, collected a myriad of 
silt and clay which readily clogged 
the openings of the fabric, creating 
dams. The field reports indicate that 
many times the storm water runoff 
overtopped or flattened the fence, re
suspending silt previously caught be

hind the fence and carrying most of 
it off-site. The nonwoven geotextile 
fabric could not be cleaned for sub
sequent use by brooming. These 
geotextile fabrics had to be replaced 
frequently at an estimated cost of 
$3.50 per square yard almost equiva
lent to a new installation . 

Cost analysis of Type 2 silt fences 
constructed of woven and nonwoven 
geotextile fabrics indicates that the 
unit cost of both materials varies 
slightly, but the overall maintenance 
cost of the nonwoven geotextile fab
ric is twice that of woven geotextile 
fabric. This is simply because woven 
geotextile fabrics require only minor 
maintenance such as brooming off 
silt to allow passage of water with
out frequent replacement. 

Based on the study, recommenda
tions were made to change the con
struction specification for "Tempo
rary Sediment Control Fence" and 
the materials specification for "Tem
porary Sediment Control Fence Fab
ric ." The TxDOT Specification Com
mittee approved these changes which 
are currently in use . The following 
outlines the changes in the silt fence 
specificatiori: 

I. 	 All temporary sediment control 
fences should be net reinforced 
with vertical supports. 

2. 	 All net reinforcement should be 
galvanized welded wire mesh of 
at least 12.5-gauge wire with 
maximum openings of 8 square 

ERRATA 
In TQ8-2, "The Benefits of 

U. S.lMexican Intermodalism," 
the editor mistakenly labeled 
Figure 7 as "Union Pacific's 
intermodal facility near La
redo." The caption should read, 
"Southern Pacific's intermodal 
facility near Oakland, Califor
n i a." The error was not the 
author's, and the editor apologizes 
for any confusion or problems 
she may have caused. 

inches (2-inch x 4-inch open
ings). The use of poultry wire as 
a net reinforcement is not al
lowed. 

3. 	 Only woven geotextile fabric is 
acceptable material for temporary 
sediment control fence. 

4. 	 Fastening of the woven geotextile 
fabric to the top strand of rein
forcement should be done at a 
maximum spacing of 15 inches. 

SUMMARY 

In using temporary sediment con
trol fences, one must recognize the 
limitation of the devices. Temporary 
sediment control fences cannot be 
expected to function adequately in 
live streams or areas of high velocity 
of flow exceeding approximately 40 
gallons per square foot per minute. 
In extreme conditions, other erosion 
control devices and structures must 
be considered. 

However, the changes mad~ to 
TxDOT specifications will make tem
porary sediment control fences a cost
effective, functioning, and essential 
part of erosion control plans for con
struction projects. 

Copies of the revised specifica
tions for construction and for woven 
geotextile fabric are available. For 
more informatiol/, contact John A. 
Teamah, TxDOT, Materials and Tests 
Division, 3800 Jackson, Austin, TX 
78701, (512) 465-7986, fax (512) 
465-7999. 

COMPUTER TIP 
• Delete temporary com

puter files promptly. Keeping 
them on the hard drive eats 
useful space and requires re
search and time to delete them 
months later. 

Source: Cesar Gomes, 1545 
Welch St., N. Vancouver, Brit
ish Columbia, Canada, as seen 
in Communication Briefings 
12(July 1993): I. 
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DISEASE-CARRYIN-G TICKS 

Lyme disease, transmitted by tick bites, is a growing threat in the 
Texas outdoors, especially in the eastern half of the state. The Lone Star 
tick (brown with a white spot on the back) is the -suspected vector in 
many human cases. 

If you're going to be in tall grass or wooded areas, the Texas Depart
ment of Health (TDH) recommends wearing long pants and long sleeves. 
Tuck pant legs into your boots or socks, and pul insect repellent contain
ing "DEEr' or "permethrin" on clothing and footwear (nol on skin). Af
ter being outdoors, wash all clothing worn and inspect your body for 
ticks. Remove them with tweezers, grasping as close to the head as pos
sible and tugging gently but firmly until the tick lets go. The less time it 
remains attached, the less likely it -is to transmit Lyme disease. 

If you suffer the flu-like symptoms of Lyme disease, and you suspect a 
tick bite, get medical attention as soon as possible. For more information, ,
call the TDH Lyme Disease Information Helpline at (512) 458-7228 . .. 

Source: Texas Safe Talk 3(July 1993): \. " 
- ~, ,-~'-, 

years for computer-dispatching systems. 
The current savings of travel time for 
the passengers is estimated to be $44 
million, which results entirely from pri
vate investment. It is estimated that pub
lic investment could yield similar sav
ing . The operating capabilities of 
computer-dispatched technology are im
pre ive. For example, passengers can 
call a taxi company and within 30 to 45 
sec a taxi will be dispatched to them. 

The report (DOT-T-92-23) is avail
able through the Technology Sharing 
Program, U.S. Department of Transpor
tation, Washington, D.C.20590. The re
port was prepared by John R. Stone, 
Gorman Gilbert, and Anna Nalevanko, 
Urn ersity of North Carolina, Institute 
for Transportation Research and Educa
tion,J 100 Navaho Drive, Raleigh, North 
Carolina 27609, (919) 878-8080. The 
study was prepared for the Federal 
Tra 't Administration's Office of Tech
nical Assistance and Safety. 

STRESS REDUCER 

• Return potentially un
pleasant and frustrating phone 
calls first thing in the morning. 
By getting these calls out of 
the way, you won't dread mak
ing them throughout the day 
and you '\I find your workday 
to be more productive and 
pi asant. 

Source: Nancy Abrams, 429 
S. Sierra # 123, Solana Beach, 
CA 92075, as seen in Commu
nication Briefings I2(July 1993): I. 

The Intelligent Vehicle-Highway 
Systems (IVHS) technologies use 
computers and other advanced tech
nologies to further more efficient use 
of roadways. IVHS technologies in
clude such things as electronic pay
ment media, automatic vehicle loca
tor systems, and intelligent data 
bases, all related to highways and 
roadways. A key part of advanced 
public transportation systems (APTSs) 
and the APTS program of the Fed
eral Transit Administration is the 
mobility management approach, to 
service delivery, a mechanism for in
tegrating and coordinating transpor
tation services offered by many pro
viders involving all modes of 
transportation. 

The main objective of Assessment of 
Computer-Dispatched Technology in 
the Paratransit Industry is to ascertain 
whether computer-dispatched technol
ogy is or will become capable of im~ 

proving the efficiency of dispatching 
shared-ride vehicles on a real-time basis. 
The investigators are trying to fully un
derstand the current operating capabili
ties of computer-dispatched systems and 
to examine their economic benefits and 
costs . The investigators attempt to deter
mine the suitability of computer-dis
patched technology for applications that 
include user interface and information. 

Future technological directions 
for computer dispatching of vehicles 
are part of the research effort. The 
study examines computerized dis
patch and capabilities enjoyed by 
taxicab companies and computerized 
capabilities of paratransit operations. 
Site visits and telephone interviews 
were used to collect information. 

Computer-dispatched systems are ex
pensive, with a cost of about $1 iniUion 
for a taxi company with 300 cabs. Na
tionwide, about 30 cab companies have 
invested about $30 million in the past 7 

CAN COMPUTER-DISPATCHED TECHNOLOGY 

IMPROVE THE DISPATCHING OF 


SHARED-RIDE VEHICLES? 


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. 

r \' ,.; ~"',';-'" g ~. 

TQ8-3 23 



ENGINEERS AND COMPUTERS: 

REDEFINING THE POSSIBLE 


by Dougl~s Wolford 

Director of External Affairs 


National Academy of Engineering 


"Start by doing what's necessary," 
said St. Francis of Assisi, "then do 
what's possible - and suddenly you 
are doing the impossible." 

For centuries engineers longed to 
slice through the complex, repetitive 
c.alculations that tethered their creative 
energies. The computer answered that 
need, for at its most basic it is a num
ber cruncher par excellence. Yet, un
expectedly, computers opened up new 
territory well beyond the desert of 
mathematical drudgery: a realm of 
creative productivity once considered 
an engineers pipe dream. 

A National Academy of Engineer
ing (NAE) symposium, "Computing: 
The Transformation of Engineering," 
chaired by former National Science 
Foundation director Erich Bloch, 
took a look at the computer both as 
the engineer's apprentice and as a 
revolutionary new window on the 
world. Held in conjunction with the 
NAE's 28th annual meeting, the 
symposium convened some of the 
country's top computer engineers to 
describe and demonstrate the frontier 
technologies now finding application 
in the United States and abroad . . 

A SEPARATE REALITY 

"The best thing about computer 
design ," said Stephen Jacobsen of 
the University of Utah, "is that engi
neers can make their mistakes before 
they count." In partnership with the 
"thinking machine," engineers now 
can imagine, test, and refine con
cepts on their desks rather than in 
the field, where missteps can be 
costly. 

Still, Jacobsen pointed out, "ma
chines don't have the wisdom, cre
ativity, or style of their creatorsY 

The computer's catalog of mar
vels can beguile the unwary. Com
puter users, drawn into a world of 

FIG. 1: Computer-generated dia
gram of an erasable programmable 
read-only memory chip (EPROM). 

their own making, must retain a 
healthy skepticism. The tidy preci
sion of the computed, ideal world 
offers easy refuge from the messy, 
real world it mimics, tempting engi
neers to "over-design," to make end
less refinements that are more novel 
than necessary. As F. Gordon Willis 
of Ford Motor Company put it, "Af
ter all, a car is an emotional device 
- and you can only digitize so 
much of it before people stop liking 
it. " 

Nevertheless, it is easy to be se
duced by the charms of "virtual real
ity" (VR) . Anyone who has seen the 
movies "Terminator II" or "The 
Lawnmower Man" knows a thing or 
two about computer visualization, 
which includes VR - a type of 
computer simulation that allows the 
user to interact with an environment 
that seems almost real. 

For engineers like James Clark of 
Silicon Graphics Inc., VR systems 
are much more than the ultimate 
video game. Look at a "traditional" 
blueprint or pen-and-ink sketch. The 
design seems desiccated, ,inert, un
worthy: like a butterfly under glass . 

In virtual reality, the same design 
comes alive. Freed from the plane of 
the paper, it responds as its creator's 
thoughts progress. Sudden'ly the 
computers vision redefines the pos- . 
sible. Now what can be imagined 
can be attained - almost instantly. 

SEEING THE HIDDEN 

Petroleum engineers are using 
computers to sleuth for oil hidden 
thousands of feet beneath the earth's 
surface. "Contrary to the popular im
age," said Richard Ewing of Texas 
A&M University, "crude does not 
pool in giant underground cisterns, 
waiting for someone to build a fill
ing station and siphon it up." In
stead, engineers use a variety of 
computer techniques - including 
"seismic prospecting," a blending of 
acoustics with computers - to de
termine the geology of oil-bearing 
rock. Such simulations suggest drill
ing sites where the chances of find
ing and recovering oil are greatest. 

"Designer" materials, too, are tak
ing shape on the computer screen, 
according to Siegfried Hecker of Los 
Alamos National Laboratory. 

Materials engineers and scientists, 
whose work is often done within the 
minute confines of the molecule, need 
computers to visualize the micro
scopic features that, multiplied by 
thousands of millions of atoms, deter
mine the properties of steel, plastic, or 
concrete. 

The insights gleaned at the mo
lecular level can be scaled up to ap
proximate and "fine tune" the fin
ished product. Parts for the space 
shuttle, for example, were first mod
eled on the computer to help guaran
tee their resistance to meteorite im
pact. 

ARTFUL DODGES 

Computers give engineers an art
ful dodge around the dreary practi
cality of the real world and the free
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dom to dream the world as it could 
be. They can dare designs and test 
techniques that would otherwise be 
unthinkable in terms of cost, com
plexity, safety, or time. 

In the automobile industry, engi
neers can design, style, assemble, 
and even crash-test cars - all on the 
screen. According to Ford's Willis, a 
new engine from concept to proto
type once took Ford engineers a full 
year to design and build. Now it can 
be done in' five weeks. 

Computers have made inroads in 
civil engineering by beginning to inte
grate research, design, construction, 

operation, and maintenance. These 
functions once were performed piece
meal. . 

LateI, in the early days of com
puting, they became "islands of au
tomation within an uncoordinated 
process," according to Lehigh Uni
versity engineer John Wilson. Coor
dination of these functions not only 
streamlines the process, it alters the 
way of thinking about the process 
and provides insights for future im
provements. 

Perhaps most amazing, the com
. puter now takes part in its own evo

lution. The first integrated circuit 

FIGURE 2: The computer allows the engineer to visualize data 
three dimensionally.~ 

"chips" - the computer's brain 
were painstakingly drafted by hand. 
Later versions were drawn by com
puter, though still designed entirely 
by humans. Today, through elec
tronic design automation, or EDA, 
computers can design computers. 

Custom-made chips for specific 
ap lications can be designed and 
tested quickly with these software 
programs. Businesses, under pres
sure to respond instantly to market 
needs, use EDA to reduce their lead
times and envision more complex 
chips. By the end of this century, as
serted Alain Hanover of View logic 
Systems Inc., EDA will help engi
neers pack 20 million to 50 million 
transistors onto a single chip. 

Computers may have begun their 
partnership with engineers by churn
ing through the dirty work - doing 
a numbing round of calculations 
with precision and speed. But the 
real business of the engineer is not 
arithmetic. It is to see the world not 
as it is, but as it might be. Only the 
computer has so advanced the quest 
for that ideal. And in the process, 
has changed our view of what is 
pos ible. 

SQurce: National Research Coun
cil's NewsReport 43(Winter 1993): 
18-20. Reprinted by permission. 

TRB IDEA PROGRAM UP AND RUNNING 

Major leaps in scientific and tech

nical progress are based on highly 
innovative thinking - thaI is, out
side the mainstream of scientific 

. thought. 
SHRP's IDEA (Ideas Deserving 

Exploratory Analysis) program of
fered support for innovative, high-risk 
projects that would solve a problem 
within the scope of SHRP's research 
objectives. The program provided 
funding for about a year of research 
designed to prove the feasibility of the 
project. In cases where the concept 
proved feasible and showed potential 
for producing a tangible, cost-effec

tive product, further funding was 
available for developing and field test
ing prototypes. 

The program was popular because 
it provided a solution to one of the 
predicaments facing research organi
zations, especially publicly funded 

. ones: Major leaps in scientific and 
technical progress usually are based 
on highly innovative thinking - that 
is, outside the mainstream of scien
tific thought - but those responsible 
for the expenditure of public funds 
feel they can only support research 
that is justified by the consensus of 
experts in that field. By providing 

. support for embryonic innovative 
ideas. the IDEA program provided a 
solution to this predicament. 

In January, the IDEA program 
transferred to the Transportation Re
search Board (TRB). TRB has 
broadened the program into three ar
eas : NCHRP-IDEA, IVHS-IDEA, 
and Transit-IDEA. 

NCHRP-IDEA 

A cooperative program ($1 million! 
year) funded by FHWA and the Ameri
can Association of State Highway and 
Transportation Officials (AASHTO). the 
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program supports the National Coopera
tive Highway Research Program. It 
seeks new technologies, methods, and 
processes with application to highways 
and intermodal surface transportation. It 
includes innovations in pavement materi
als and improvements in construction 
quality, maintenance repair and rehabili
tation, steel and concrete structures, and 
highway safety systems. Developing 
prototypes for and product testing three 

. successful SHRP-IDEA projects are be
ing continued under NCHRP-IDEA: 

Preparing guidelines for applying 
a sprayed-zinc anode protection 
system. 

Developing a rapid method of 
screening for asphalt stripping. 

Testing an optical system to con
trol aggregate gradations in as
phalt. 

IVHS-IDEA 

The program is funded ($1.5 mil
lion/year) by FHWA in support of 

the national intelligent vehicle-high
way systems (lVHS) program. The 
program will investigate the feasibil
ity of new, unproven, and untested 
concepts and products and examine 
how advances and methods in other 
engineering applications might be 
used for IVHS. 

TRANSIT-IDEA 

This program ($0.5 million/year) 
is part of the Transit Cooperative 
Research Program, which is man
aged by TRB through a cooperative 
agreement with the Federal Transit 
Administration, the National Re
search Council, and the Transit De
velopment Corporation (a nonprofit 
educational and research arm of the 
American Public Transit Associa
tion). The program is designed to 
foster innovative and cost-effective 

( technologies, processes, or proce
dures that have the potential to sig
nificantly improve transit practice. 
Program announcements (similar to 

requests for proposals) were released 
earlier this year. They describe the 
technology areas in which projects 
will be considered. For example, the 
NCHRP-lDEA program is specifi
cally soliciting proposals in: 

• Pavement materials, construction, 
and performance; 

Pavement maintenance, repair, and 
rehabilitation; 

Materials for highway structures; 
and 

Highway safety systems. 

Accepted proposals are usually 
funded for one year or less and for a 
maximum of $100,000. Proposals are 
accepted at any time (there is no spe
cific proposal deadline). For more in
formation, contact K. T. Thirumalai, 
IDEA program manager, TRB (tele
phone 202/334-1402). 

Source: SHRP FOCUS (June 
1993): 4. 

BRIDGE RUNOFF PROTECTION 


Lakes. rivers, and other water fre
quently suffer contamination . that 
comes from the bridges that cross 
them. Some threats are the result of 
lead-based paint removed during 
bridge maintenance Pollution also 
stems from winter use of environmen
tally harmful deicing materials . Even 
more serious, though, is the everyday 
washdown of lead from heavy traffic 
fuel or unpredictable road spills of 
hazardous materials. 

Containment systems of fine mesh 
can catch removed paint and provide 
a solution to bridge painting mainte
nance problems. 

Use of environmentally safe deic
ing materials can clear the threat to 
water quality - and reduce bridge 
and vehicle rust - from deicers. 

Risks from heavy traffic contami
nation or hazardous materials spills 
are harder to handle. 

HOW SHREVEPORT DOES IT 

The Louisiana Department of 
Transportation operates one of the 
best water protection systems in the 
country. To protect Shreveport's wa
ter-supply reservoir, Cross Lake, the 
city uses a totally enclosed drainage 
system. This system collects runoff 
from the bridge over the lake. 

The drainage system includes lon
gitudinal prestressed concrete con
duit under the bridge median. This 
enclosed conduit collects bridge run
off and moves it into a holding pond. 

Workers check the pond for con
tamination. If the liquids meet Na
tional Pollution Discharge Elimina
tion System permit limits, they are 
released into a roadside drainage 
ditch that leads downstream from 
Cross Lake. 

THE BRIDGE 

The bridge over Cross Lake is 
part of an interstate highway loop 
that gives drivers access to areas in 
north Shreveport. There wasn' t a 
good way to go around the lake be
cause it extends from the heart of the 
city to many miles into the country
side. Louisiana DOT engineers knew 
this meant protection was needed for 
the city's water supply, says Babak 
Naghavi at the state's Transportation 
Research Center. 

Engineers from Howard, Needles, 
Tammen, and Bergendoff proposed 
the totally enclosed drainage system 
eventually adopted by the DOT. 
Construction of the system cost $2 
million - 5 percent of total bridge 
construction costs. 

Interstate 220's Cross Lake Bridge 
is 85 feet wide and 10,230 feet long. 
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This means there are 20.48 acres of 
bridge area that normally drain into 
the lake. With the system, a safety 
barrier contains spills over the sides. 
Bridge runoff flows transversely into 
gutters next to a median barrier and 
then to inlets located in each span. 
The inlets lead to a longitudinal con
duit under the barrier. 

Runoff flows through the conduit 
via the northern bridge abutment and 
into the holding pond. The 3.5-foot
high, 3-footwide precast, prestressed 
concrete conduit has 4-inch-thick 
walls lined with a PVC T-Lock liner. 
Engineers based conduit design on 
100-year storm runoff - 10 inches 
in 24 hours . 

CHECKING THE RUNOFF 

Naghavi and Donna Skipper, in 
the Civil Engineering Department at 
the University of Southwestern Loui
siana, reported on effectiveness of 
the system at this year's Transporta
tion Research Board meeting. 

The 6-acre holding pond handles 
runoff from rainstorms of up to 
12.44 inches in 24 hours - and still 
leaves 2 feet of freeboard above a 
maximum projected runoff volume. 
A levee, a discharge gate system, 
and the pond's 3.5-inch-thick con
crete liner isolate runoff until it is 
tested. 

Runoff and spill testing begin 
when pond water levels reach a point 
allowing for a maximum 24-hour 
rainfall plus 1 foot of freeboard. 

Pond content needs to meet Na
tional Pollution Discharge Elimina
tion System permit limits - 100 
mg/liter chemical oxygen demand 

HELP WANTED 
Research Study 0-1305, Fac

tors Affecting Design Thickness 
of Bridge Slabs, needs more con
crete panels to test in punching 
shear failure. Precast deck panels 
up to 6 to 7 feet can be used. Call 
Dr. Richard Klingner at (512) 471
4577 or 4717259. 

TQ8-3 

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

. . 

[COD] limits, 15 mglIiter oil and 
grease limits, and 0.15 mg/liter lead 
limits. The COD limits include bio
chemical oxygen demand. COD lim
its are more meaningful , Naghavi 
and Skipper report, because of in
duslrial materials that stick to ve
hicles and find their way into runoff 
or b at are present in accidental 
spill . 

Normally, total suspended solids 
are included in NPDES permit pa
rameters. But, in this case, pond set
tling removes such solids. 

Once tests show that water con
tent meets permit levels, pond water 
is discharged into a roadside ditch. 
Thi flows to Twelve Mile Bayou. 

If contamination exceeds permit 
limits, water is treated on-site or 
transported elsewhere for treatment. 

JOINT SEALING PROBLEMS 

[LADOT] engineers report that 
the primary problem currently faced 
in the system is joint seal failure . 
Several PVC expansion joint strips 
and their neoprene joint sealers de
graded after exposure to weather. 

An experimental repair system re
placed the original sealing system 
with polymer resin covered with a 
25-miI-thick vinyl ester. Inside the 
joint the 2.5-inch-wide ethylene vi
nyl acetate joint material was com
pressed into a 2-inch-wide expansion 
joint. Workers bonded the joint ma
terial to the edges with high-modu
lus epoxy gel. This method held on 
only 50 percent of the joints, and 
new repair methods are being tried. 

Reprinted with permission from 
Better Roads 62(MAY 1992): 19. 
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HELP OFFERED 

Rebecca Davio is TxDOT's 
new ReCycling Coordinator. She 
can help districts and divisions 
coordinate recycling efforts. Call 
her at (512) 416-2086 and let 
her know what your plans are 
for recycling. 
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