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INTRODUCTION 

When an essentially new road 
fails, you need to know "whodunit" 
so you can go after the right culprit 
straight off. After all, if the problem is 
in the surface course only, you don't 
want to spend money on unnecessary 
major rehabilitation of the base. On 
the other hand, if the base has failed, 
surface repairs won't solve a thing. 

Odessa District was faced with just 
such a quandary. State Highway 158 
in Midland County, from the intersec
tion of IH -20 to the end of the 4-1 ane 
section (approximately 4 miles) was 
reconstructed and widened in Decem
ber 1988. The project was an end
result specification job consisting of 
10 inches of crushed- limestone flex
ible base and 1.75 inches of ACP sur
facing. Because end-result specifica
tion was a process new to everyone 
involved, there were some difficulties 
with quality control. Raveling oc
curred during construction on some 
sections; however, these sections were 
replaced by the contractor before the 
job was accepted. Shortly after SH 

FIG. 1: SH 158 swface distress. 

158 was opened to traffic, major 
block cracking appeared (Fig. 1). 
Blocks from 12 by 12 inches up to 24 
by 24 inches were common through
out the job (Fig. 2). The block crack
ing progressed to alligator cracking. 
No other major distresses, such as rut

ting , were found even though the 
highway carries substantial oil field 
truck traffic. District personnel 
patched several sections. It didn't 
control the cracking. The problem 
looked to some people like base fail
ure that would need major rehabilita
tion, but there were conflicting opin
ions as to the source of the problem, 
and as a result, the required treatment. 
A little "forensic" engineering was in 
order to discover the facts that could 
pin down the culprit cause and re
solve the treatment question. 
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FIG. 2: Close-up ofdistress. 

Odessa District's Lab Engineer 
Steve Smith happens to be on the 
department's Pavement Management 
Committee and contacted the Pave
ment Management Section of the Di
vision of Maintenance and Operations 
(D-18PM) to see about getting some 
Dynaflect and Falling Weight 
Deflectometer (FWD) testing done on 
SH 158. Not only was D-18PM able 
to offer the requested testing, but also 
they have a state-funded research 
project 1923, "Continued Develop
ment of the Texas Ground Penetrating 
Radar System," in progress, headed 
by Tom Scullion of Texas Transpor
tation Institute (TTl) at Texas A&M 
University. Odessa's problem fit the 
study's need to correlate FWD data 
and other data to the ground penetra
tion radar output on a thin overlay. 
The TTl researchers could help deter
mine the cause of SH I58's cracking 
using several sophisticated methods, 
identify potential rehabilitation strate
gies for Odessa District to use, and be 
paid out of the research project's 
funds, not district money. 

AprilS, 1991, the D-18PM and 
TTl team performed Dynaflect, 
Falling Weight Deflectometer (FWD) 
tests, dynamic cone penetration tests 

(Fig. 3) and ground penetration radar 
scanning (Fig. 4). The Division of Ma
terials and Tests did extractions from 
road samples and performed penetra
tion, viscosity and ductility tests on 
the residual asphalt (an AC 20). The 
layer strengths, as measured by the 
FWD, were input into the Flexible 
Pavements Design Program to evalu
ate the pavement's structural capacity. 

TEST RESULTS 

The FWD layer strengths were 
backcalculated using the MODULUS 

FIG. 3: Dynamic cone penetrometer. 

4.0 system developed by TTL The sur
face was fixed at 500 ksi, this be
ing the standard practice for a thin 
surface. The Dynaflect and the FWD 
both indicated a reasonably strong 
base and subgrade. An average base 
and subgrade moduli of 40 and 23 ksi 
respectively were used in the pave
ment design run with FPS. 

Although the average strengths of 
the base and subgrade are high, and 
certainly adequate as design stan
dards, there are two major concerns 
about this data. First, the surface was 
excessively cracked which is known 
to cause problems with FWD surface 
geophones. Second, some light rain 
had fallen in the area the evening be
fore the test; because of the amount of 
surface cracking, moisture had to 
have entered the base layer. There
fore, it is difficult to draw any firm 
conclusions solely from deflection 
data. 

The dynamic cone penetrometer 
(Fig. 5) works on the principle that 
rate of penetration is a function of the 
strength of each layer. The hammer is 
dropped from the fixed drop height 
and the penetration of the cone in 
each layer is recorded (Fig. 6). The 
SH 158 dynamic cone penetrometer 
locations were at mile posts 0.00 and 
l.97l. The rates in the base layer 
were 0.02 and 0.1 inches per blow 
(Fig. 7), which converts to CBR val-

FIGURE 4: Truck-mounted ground penetrating radar. 
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FIG. 5: Cone penetrometer schematic. 

ues of greater than 120. In both test 
holes, the base is Triaxial Class I type 
material. 

The truck-mounted ground penetra
tion radar (GPR) system used in this 
study had been purchased as part of 
Research Study 1923. GPR works by 
sending pulses of electromagnetic en
ergy into the pavement, then captur
ing the reflected energy from each 
layer interface. It is analogous to tak
ing an "x-ray" of the pavement at 10
foot intervals. Amplitudes and time 
delays between peaks of electromag
netic waves transmitted by radar an
tennae are used to estimate layer 
properties and thicknesses in ground 
penetration radar testing (Fig. 8). In 
pavement materials, the size of the re
flected signal is strongly related to the 
moisture content of the layer. 

The SH 158 radar data was col
lected at 20 MPH, with traces taken at 
approximately 10-foot intervals. The 
radar did not note a distinct difference 
between the bottom of the base and 
the subgrade, indicating that they are 
similar materials at approximately the 
same moisture contents. The asphalt 
thickness was close to the specified 
l.75 inches for the first 2 miles of the 
project, starting at the intersection 

FIGURE 6: Typical penetration results from the cone penetrometer. 

SH 158 OCP Tests 

0--0 Milepost 0.0 
o--a Milepost 1.97 

~---------

- -

L...-___ ....L...___ "........L____.&....-___....L-___--'I 

.~'\.~ 

0.00 	___--------------------.~"':~ 
Surface "

-2.00 
....................rI'....rI'."•

"'....".,/................. -
..."."'.,JJ................... 

.".......rI' •
-4.00 ............... 


" ....rI'.rI'...................
"'-,}'-"-rI'-"'...............
"."-,/'-"'-rl'.............-. 

...r/' ....".JI.£ -6.00 ...............
."'.",.".... 

c:::::: ~~ Bi3s~~~~o -rI'-rI'-"-,/'............... 
~ -8.00 ......"'.,1."................ 

rI'.rI'....rI'.,/' • ~ ............... 


CD ".......,/'....
...............
c:::::: rI'.J'...."."................
cf -10.00 r/'-"_,,-"'e,,............... 

•"'~-t~~!-t!~r/'-rI'-...............'.rI'."'•
•rI'."-rI'. rI' - - : '~'-:'-:':'-12.00 

ISlope = Subgrade :-14.00 .25"/blov : :: : ::: : :: 

-16.00 

o 50 100 150 200 250 

OCP Blows 

FIGURE 7: SH 158 cone penetration results. 

with IH-20 and traveling southbound. To determine the cause of the crack

The moisture content, in general, was ing, the team had to look elsewhere. 

6 to 8 percent, not an unreasonable The laboratory test results indi

value for a crushed limestone the day cated that the gradation and asphalt 

after a rain. In general, all of the test content of the ACP were within speci

ing done so far indicated that the base fi ation. However, the viscosity of the 

and subgrade were in good condition. re sidual asphalt was unusually high. 
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Anticipated viscosity for an AC 20 
should be below 10,000 Stokes at 
140° F using test method Tex-528-C. 
The measured value for the SH 158 
asphalt was 21,452, which is very 
high. The penetration test results 
(Tex-503-C at 77° F) confirmed the 
viscosity result. The expected penetra
tion should be 20 to 30. The mea
sured penetration of 11 indicated a 
very stiff asphalt that might be prone 
to cracking. 

CONCLUSIONS 

Because the base showed good 
strength in Dynaflect, FWD, dynamic 
cone penetration and ground penetrat
ing radar tests, the TTl team ruled out 
base failure as the probable cause of 
the cracking. They recommended that 
the existing 1.75 inches of asphalt 
surface be removed and that some 
amount of base (left to the resident 
engineer's discretion) should be scari
fied and recompacted prior to placing 
a new wearing course. The analysis 
team and district personnel felt that 
although the base was adequate at the 

time the tests were made, it might de
grade before rehabilitation could take 
place, particularly if the coming win
ter is severe. 

Analysis made with the new Texas 
Flexible Pavement System program 
indicated that the surface thicknesses 
shown in Table 1 are required based 
on the the anticipated traffic levels. 
The rehabilitation plans were re
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FIG. 9: Proposed rehabilitation section. 

viewed and approved recently (Fig. 
9). The rehab job on SH 158 is sched
uled for letting in November 1991. 
The ACP will be removed and the 
base will be scarified up to 6 inches 
(less if the resident engineer deter
mines that little or no degradation has 
occurred), reshaped and recompacted. 
No asphalt or portland cement stabili
zation of the base is required. The 

42.5' 
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new wearing course will be 1.75 
inches of ACP using an AC 20 binder. 

"Forensic" engineering can answer 
questions that may save a district 
money and headaches by identifying 
the source of a problem before vari
ous different repairs and rehabilita
tions are tried. There are generally 
several state or federally funded re
search projects active in any given 

by Jack Stephens, Ph.D., P.E. 

Jack Stephens is a Professor in 
The University of Connecticut 's 
School of Engineering, Department of 
Civil Engineering. For copies of Pro
fessor Stephens' publication "Chip 
Seals Made Easy" call the Technol
ogy Transfer Library at (512) 465
7644; Tx-An 241-7644. 

Once again the summer mainte
nance is done. The agony of "will it 
rain before the emulsion fully breaks" 
is past for another season. While the 
memory is clear we should consider 
how it went as there is always next 
year. The best criteria ruling on the 
success of this season's work is "are 
the chips still there." If so they will 
probably stay and several years have 
been added to the life of the roads. 

If the chips did not stay as well as 
expected, causes should be considered 
in order to secure a better job next 
year. It is rare that the quality of the 
emulsion is the cause of poor chip re
tention. Unfortunately no one takes a 
sample of the emulsion at the time of 
the work and so if the chips do no 
stick, the character of the binder can
not be checked. Resolve next year to 
fill a coffee can and keep for a few 
weeks just in case. 

The difference between a good and 
a bad job is often some small detail. 
In the case of a chip seal the small 
thing is often the dust n the chips. 
Dust on the chips increases sharply 
the time needed for the binder to 
reach the chip surface and traffic may 

year dealing with a wide variety of 
pavement and bridge-related prob
lems. Your problem out in your dis
trict may be one that a researcher is 
itching to solve to get valuable data. 
If you've got an itch or a pavement or 
bridge problem that might be helped 
by forensic engineering, call the 
Research and Development Section's 
Implementation Engineering Staff; 

THE CHIPS ARE DOWN 

whip the chips off before the bond de
velops. 

Those chips that didn't stick to the 
pavement, were they of one size? 
Early in the nineteenth ce1}tury, a 
Scotsman named John Macadam dis
covered that small pebbles mixed 
with large gave the most dense sur
face but that if mixed and applied all 
at once, the small interfered with the 
bedding of the larger. His solution 
was a coarse layer first, followed by 
progressively finer layers creating 

what became to be known as Mac
adam pavement. If multiple seals are 
placed, the second could use small 
chips. For a single layer, a good rule 
is that the smallest chips should not 
be less than three quarters the size of 
the largest. 

The blacker areas that are or 
threaten to bleed can have several 
causes. The quantity of emulsion 
spread is an obvious factor. Are the 
chips there but lost in the excessive 
quantity used? Or were the chips 
thrown off and the insufficiently deep 
emulsion exposed? Chip shape can 
contribute to bleeding. Were the chips 
crushed? The term chip is misleading 
as it implies a small flat piece. Par
ticles with all dimensions nearly equal 
are far easier to work with. If a mate
rial has many flat chips, it is difficult 

While the memory is clear we should consider how it went 
as there is always next year. The best criteria ruling on the 
success of this season's work is "are the chips still there." 

Lisa Lukefahr at (512) 465-7685, Tex
An 241-7685 or Klaus Alkier at (512) 
465-7643, Tex-An 241-7643. 

Test results and some project 
information were taken from Tom 
Scullion's unpublished report of the 
findings to Odessa District. Copies of 
the report are available from the au
thor or from the TQ editor. 

to determine .the quantity of emulsion 
. to spread. If enQugh is used to retain 
chips that land on edge, a chip that 
falls flat will disappear into the emul
sion. If the quantity is set for the flat 
lying chips, those on edge will be lost 
to traffic. 

Are there bare patches where the 
old pavement shows with little discol
oration from the emulsion or can 
patches of the chip seal be pealed off? 
If so, the implication is that silt-sand 
was not addquately swept from those 

spots and bond did not occur. 
One last question. Were there too 

many complaints about traffic throw
ing chips? The modern radial tire 
doesn't pick up stone as readily as the 
old bias-ply tire. Today, most stone 
pick up is due to binder on the top 
surface of the stone. The spreader 
should drop the stone vertically into 
the binder layer and the roller should 
push the chips down into the binder 
with rotation. The construction traffic 
should avoid cramped turns, hard 
breaking and other actions that roll 
the stone over exposing the sticky 
side to traffic. 

So next year we will use a one-size 
clean, well-shaped chip and pray for 
good weather. 

From Technology Transfer, Vol 6 
(Fall 1988). 
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CORRIDOR-WIDE TRAFFIC MANAGEMENT 


Excerpted by Mohanan Achen 
from, "Synthesis of Traffic Manage
ment Techniques for Major Urban 
Freeway Reconstruction,'" FHWAITX
90/1188-1, by G. L. Ullman, R. A. 
Krammes, and C. L. Dudek of Texas 
Transportation Institute at Texas 
A&M University 

INTRODUCTION 

Urban freeway construction is 
rather complicated because it involves 
huge traffic volumes and significant 
impacts on motorists and businesses. 
Major traffic disruptions can result 
from just a minor reduction in high
way capacity. A corridor-wide traffic 
management approach acknowledges 
the fact that these disruptions also in
fluence traffic flow on other freeways 
or alternative routes. In addition to an 
efficient traffic control plan for the 
construction zone itself, improve
ments may be required in the other 
routes and transportation modes; in 
other words, a corridor-wide traffic 
management plan. 

Roadway space has to be shared 
by the construction activity and the 
motorists. There is a tradeoff involved 
between the allocation of space be
tween these two activities. Construc
tion activity will be significantly ac
celerated if sufficient roadway space 
is allocated. However, the motorists 
will incur extra costs due to longer 
travel times because of diversion or 
delay caused by increased congestion. 

The Texas Department of Trans
portation's (TxDOT) basic policy dur
ing major urban freeway construction 
projects has been to maintain the 
same number of freeway lanes during 
peak periods as were available before 
construction began. Recent trends in
dicate that the efficiency of construc
tion has been sacrificed to a certain 
degree to reduce the adverse impacts 
on motorists, adjoining property own
ers and affected communities. Ideally, 
the division of roadway space should 
provide at the lowest overall cost. 

Study 1188, Corridor Analysis for 
Reconstruction Activities, Traffic 
Control Strategies and Incident 
Management, was performed to assist 
engineers in developing corridor traf
fic management plans for future ma
jor construction projects. Research 
Report 1188-1 synthesizes ex peri 
ences of 12 completed or on-going 
urban freeway projects nationwide 
(Table 1). This article presents a syn
opsis of this interim report's findings 
on the effectiveness of various strate
gies and their potential applicability in 
Texas. 

CORRIDOR TRAFFIC MANAGE
MENTPLAN 

A corridor traffic management plan 
encompasses not only the freeway un
der construction, but also the alterna
tive routes and modes in the corridor. 
Such a plan concerns itself with two 
major traffic management issues: the 
proportion of normal freeway capacity 
that should be maintained through the 
construction zone and the correspond
ing volume of traffic that will divert 
to other routes and transportation 
modes and consequently must be ac
commodated. The three main compo
nents of this plan are: 

1. 	 The construction zone traffic 
control plan. 

2. 	 Improvements to alternative 
routes and modes in a corridor. 

3. 	 A public information program. 

CONSTRUCTION ZONE TRAFFIC 
CONTROL PLANS 

Traffic control plans can be classi
fied in terms of the restriction to nor
mal capacity of the roadway being 
constructed. If it is possible to main
tain the same number of lanes during 
construction, the associated travel im
pacts from reduced traffic capacity 
will be minor. The three basic options 
used by the 12 projects reviewed 
were: 

1. 	 Reducing lane widths and/or re
ducing or eliminating shoulders 

while maintaining the same 
number of travel lanes as ex
isted before construction; 

2. 	 Closing down some lanes in one 
or both directions on the high
way being constructed; 

3. 	 Totally closing off the construc
tion zone to traffic: traffic has 
to seek alternative routes. 

Regardless of the traffic control 
plan used, maximizing freeway con
struction zone or corridor capacity is 
desirable. If substantial unused capac
ity exists in the corridor or if capacity 
improvements can be effected on al
ternative routes and modes, long-term 
lane closure may be reasonably ac
commodated. However, the least re
strictive strategy should be employed 
to minimize travel impacts on the 
public from the construction project. 

A number of techniques are avail
able to optimize the capacity of the 
construction zone. They include: 

1. 	 Portable Concrete Barriers 
(PCBs). PCBs have been used 
at nearly every major construc
tion project to date. Primarily a 
safety tool, PCBs separate the 
work area from the travel lanes, 
separate opposing traffic flows, 
or separate HOV traffic from 
mixed-use traffic. By allowing 
traffic to operate adjacent to the 
work area with little or no 
buffer area, the roadway capac
ity is increased. 

2. 	 Paddle Screens. Paddle screens 
help reduce accidents by reduc
ing driver distractions. They 
have only been utilized on two 
projects within the scope of this 
study, Boston and Miami. 
(Waco District is using some 
currently, but that project is not 
within the scope of 1188). In 
Miami, it was predicted that the 
screens would result in travel 
time, vehicle operating cost and 
accident cost savings of about 
$13,500,000 during the 5-year 
project for a benefit-cost ratio 
of 4: 1. 
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3. 	 Ramp Closures or Restriction time by allowing work to pro
to HOVs. Both these techniques ceed on a greater portion of the 
can maximize traffic flow and roadway. Recent results suggest 
roadway capacity and eliminate that converting the inside shoul
vehicle merging conflicts. Re der to a travel lane may de
stricting ramps to HOV usage is crease accidents significantly on 
a good method to promote HOV high-volume facilities. It is not 
utilization during construction. advisable to convert both inside 
It is inexpensive to effect ramp and outside shoulders to travel 
closures. For HOV ramp lanes in normal situations be
restrictions, informing the pub cause accident rates may in
lic would be the major expendi crease. Also, there are delays 
ture. On the 1-376 construction associated with incidents that 
project in Pittsburgh, it was esti could have been moved to the 
mated that ramps saved HOV shoulder which actually exceed 
travelers an average of 8 min the benefits of improved traffic 
utes per person trip. If all HOV flow from two additional travel 
modes are considered, HOV lanes. 
ramps saved users 2,900 hours 5. Reversible Lanes. Reversible 
of delay per day at this site. lanes should only be considered 

4. 	 Shoulders as Temporary during peak periods of unbal
Travel Lanes. This technique anced traffic flow on the free
improves traffic operations by way with a significant volume 
providing an additional travel traveling through the construc
lane and reduces construction tion zone. This technique is 

TABLE 1: Urban projects reviewed by 1188-1. 

('O'\STRl ('TIO'\ 
('ITY ROl TE D.\TES 

Chicago IH-94 1978-1980 

Pittsburgh IH-376 1981-1982 

Houston IH-I0 1983-1984 

Syracuse ill-81 1984 

Boston IH-93 1984-1985 

Seattle IH-5 1984-1985 

Philadelphia IH-76 1984-1989 

Minneapoli lli-394 1985-1992 

Detroit US-I0 1986-1987 

Hartford IH-91 1986-1990 

Milwaukee IH-94 1987-1989 

Miami lli-95 1987-1991 

more suitable for radial than cir
cumferential freeways. Barrier
separated reversible express 
lanes helped maintain peak 
travel times on 1-93 construc
tion in Boston despite the mini
mal traffic diversion from the 
freeway. 

6. 	 Incident Management Tech
niques . Five techniques to 
reduce incident detection, 
response, and removal times 
during construction are: 

(a) 	 Providing free tow-truck 
service, 

(b) 	 Initiating or increasing 
courtesy (or service) pa
trols, 

(c) 	 Installing emergency 
phones for motorists, 

(d) 	 Using existing freeway 
surveillance systems, and 

(e) Increasing police patrols. 

For the 1-95 construction in Miami, 
service patrols are expected to assist 
nearly 4,000 motorists during the 5
year project, reducing delays by 350 
hours per incident and yielding a ben
efit-cost ratio of 23: 1. On the same 
project, it is predicted that the tele
phone system would reduce incident 
detection time by an average of three 
minutes per incident with a benefit
cost ratio of 13: 1. 

IMPROVEMENTS TOALTERNA
TIVE ROUTES 

The most common response of mo
torists to significant capacity reduc
tions is to change routes. Therefore, 
improvements on alternative roads to 
accommodate the additional traffic 
pressure are important. 

Signalized intersections restrict the 
overall traffic-carrying capacity of the 
alternative routes in the corridor and 
affect the ability to accommodate 
large amounts of diverted traffic dur
ing major freeway construction. Sig
nal timings and phasings can be ad
justed to improve signal coordination. 
The cost of changing signal timings is 
minimal, yet the benefits have been 
dramatic. During a statewide signal 
retiming program, 750 of North 
Carolina's traffic signals were 
retimed. The result was an average 
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operating cost savings of $51,815 at a 
benefit-cost ratio of 108: 1 per year. 

Signal equipment improvements 
implemented prior to construction 
have proved effective. With these im
provements, greater flexibility for 
time-of-day changes is provided and 
smoother traffic progression is pro
vided. The effects of the improve
ments will depend upon changes in 
the traffic volumes and turning per
centages, roadway geometrics, the op
erations of other nearby traffic sig
nals, the type of equipment being 
replaced, and operating conditions at 
the intersection before the improve
ments were made. Improvements in 
traffic signal hardware will continue 
to benefit the public even after con
struction is over. 

Other improvements that can be 
implemented at intersections on alter
native routes are temporary left-tum 
prohibitions, addition of turning bays, 
intersection widening and police offi
cer control during peak periods. Turn
ing prohibitions are the least costly to 
implement although some enforce
ment is necessary after implementa
tion. Channelization and widening are 
more capital intensive, but continue to 
provide benefits after the project is 
over. Police control is labor-intensive 
and expensive but useful at the begin
ning of construction projects when the 
traffic impacts have not been deter
mined yet. 

Examples of other roadway im
provements are reversible lanes, con
version to one-way streets, pavement 
markings or stripings for additional 
lanes or guidance purposes, parking 
prohibitions, pavement improvements 
and signal and lighting improvements. 
Experience has indicated that these 
improvements have helped accommo
date the diverted traffic without sig
nificantly increasing congestion lev
els. 

The less expensive techniques 
should be given first consideration. 
The cost-effectiveness evaluation 
should also include post-construction 
benefits. Improvements involving ei
ther intersections or roadway seg
ments should be established before 
the project starts. 

FIGURE 1: Katy Freeway HOV in operation. 

IMPROVEMENTS TOALTERNA
TIVE TRANSPORTATION MODES 

In an effort to encourage motorists 
to use public transit during construc
tion periods, some states have spent 
large sums of money on initiating, ex
panding, or improving public transit 
services. 

Bus Services 
Efforts to improve or expand exist

ing bus services include: express bus 

services; additional buses on existing 
routes to maintain or decrease service 
headways; feeder service to rail and 
rapid transit; and on-call backup 
buses. Successful diversion of motor
ists to this mode will depend on con
ditions within the construction zone. 
Obvious, large-scale savings in travel 
time and convenience must be avail
able in order to attract riders. 

When a feeder bus service to ter
minal stations along Boston's rapid 
transit system was expanded during 1
93 construction, an additional 1700 
passenger-trips per day occurred in 
the second year after expansion. This 
increase was attributed to diverted 
freeway motorists at southern termi
nals. Pittsburgh and Milwaukee also 
had substantial gains in ridership dur
ing construction. However, Syracuse, 
Detroit and Seattle showed only mar
ginal gains. 

HOV Lanes 
An HOY lane for buses and 

carpools with three or more persons 

was established as part of the con
struction of 1-81 in Syracuse to speed 
up travel to the downtown area. The 
average usage of the lane was such 
that costs to the transportation agency 
were $1.51 per car (1987 dollars). In 
Minneapolis, an interim HOY lane 
was built during the construction of 
US 12 into 1-394. It provided addi
tional route capacity and the opportu
nity for motorists to familiarize them

selves with the concept of HOY lanes. 
In the first year of operation, 2,000 
vpd used it including buses, vanpools 
and carpools with two or more per
sons. The travel time was reduced by 
8 minutes for vanpools and carpools 
and by 15 minutes for buses. The 
benefit-cost ratio was estimated at 
1.1:1. 

The success of the permanent Katy 
Freeway HOY lane in Houston is well 
documented (Fig. 1). Peak-hour travel 
time savings average 15 minutes per 
vehicle or approximately 1930 hours 
total per day, on a typical nonincident 
day. Assuming 250 days of operation, 
this represents annual time savings of 
482,000 hours. At $9 per hour, this 
equates to $43 million a year - with
out considering travel time saving in
creases due to incidents or reconstruc
tion on the freeways. [RS 1146, "The 
Status and Effectiveness of the Hous
ton Transitway, 1988" (Draft)]. 

Commuter Park-and-Ride Lots 
The introduction and expansion of 

TQ6-4 8 



park-and-ride lots is an important part 
of transit and ridesharing improve
ments. From experiences in Pittsburgh 
and Bo Lon, the key to a succe fu l 
park-and-ride program wa discovered 
to be the flexibility to add or delete 
. pace or di. continue the unused lot . 
Temporary mea UTes such as lea ing 
land or procuring eXl 'ling shopping 
center parking pace W uld be pru
dent. 

Rides/zaring Program<; 
Expand d ommuter matching pro

grams and public information cam
paigns have been undertaken in some 
areas to promote ridesharing pro
grams. Incentives are required from 
employers to help ridesharing pro
grams to succeed. Establishment of 
HOV lanes and ramps encourage 
ridesharing programs. 

Commuter Train Services 
The initiation or expansion of com

muter rail service is costly. Efforts in 
rail service expansion were not too 
successful in Chicago, Boston, and 
Pittsburgh where the ridership did not 
rise significantly. However, in Phila
delphia, ridership increased approxi
mately 1300 person-trips per day on 
one of the lines. Use of this mode by 
commuters will depend primarily on 
construction zone conditions. If there 
is no significant change in freeway 
capacity, there is not much increase in 
transit ridership. As with buses, sig
nificant benefits in terms of travel 
times and convenience must be 
readily apparent to motorists to en
courage a large scale defection from 
cars to trains. 

In general, the increases in rider
ship on transit systems in relation to a 
construction project is not influenced 
by the dollar value of the programs 
implemented, but is more dependent 
upon the magnitude of travel time or 
cost savings. 

PUBLIC INFORMATION PRO
GRAMS 

Public information programs in
crease public knowledge and accep
tance of the project and the inconve
niences that it may cause. These 
programs promote the use of alterna

tive routes and modes to reduce con
gestion on the freeway during con
struction. 

These public infonnation programs 
target motorists using the fre way, 
residents liv ing adjacent to the free
way, and nearby bu inesses. The pub
lic L informed about project ched
wes ramp clo ing and other event 
pertinent to their daY-lo-day liv s. 

The three important elements of a 
public infonnation program are: 

1. 	 ke p the publi informed f the 
conditions through the con
struction zone and of the avail
ability of travel alternatives; 

2. 	 coordinate the actions of all 
public agencies directly in
volved in the project; and 

3. 	 maintain communications with 
major public and private groups 
affected by the project. 

A public information program 
must convince the public that the 
project will be beneficial in the long 
tenn. The public needs to be assured 
that the agencies involved are trying 
to reduce the inconvenience to the 
public as much as possible. 

The success of these programs is 
evidenced by the fact that knowledge 
and acceptance of the freeway con
struction projects among the public is 
very high when these programs have 
been implemented. The lack of con
gestion at the beginning of projects 
could be attributed to the awareness 
of the public because of these public 
information programs. These pro
grams have also been credited for the 
positive attitude of the public towards 
the projects and the agencies in
volved. 

Public Information Tools 
The tools used depend on both the 

intended audience and the amount of 
infonnation. To provide general infor
mation to a large audience, organize 
press conferences, media events, press 
tours and news releases. Public ser

vice announcements, paid advertising, 
interviews and press kits accomplish 
th same thing. For a smaller group of 
p pie with particular interests, public 
me tings and presentations would be 
sufficient. Poster, pamphl t , new 
letter , map' and speci J maili ng can 
be used to inform the pu Ii f con
struction in the area and change re
la ed to the c nstruction. They can 
al 0 be u ed to promote c mmuter 
u e of alt m alive r utes and mode 
d Iring construction. 

In eattle, Boston, Pittsburgh, 
P iladelphia, Detroit and Minneapo
Ii " toll-free hotlines were provided to 
inform the public on current traffic 
conditions and construction schedules. 
These hotlines also give the public a 
chance to voice their concerns and 
complaints about a project. Highway 
advisory radios which provide real
time infonnation concerning freeway 
and corridor travel conditions, have 
been utilized successfully in Seattle 
and Chicago and has been proposed 
for Miami. 

Special informational signing has 
been a feature on almost all of the 
construction projects. Information on 
alternative routes or advertisements 
on ridesharing can be provided using 
these signings. In Detroit, an ombuds
man was employed to resolve home 
or business problems caused by con
struction activity in affected commu
nities. 

Continued on Page 17 ... 

I 
The information contained 

herein is experimental in nature 
and is published for the devel
opment of new ideas and tech
nology only. Any discrepancies 
with official views or policies 
of the TxDOT should be dis
cussed with the appropriate 
Austin Division prior to imple
mentation of the procedures. 

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. 
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PRECAST CONCRETE TRAFFIC BARRIERS WITH 

NEW SINGLE SLOPE FACE DESIGN 


by Harold Cooner 
Resident Engineer 

Austin District 

Harold Cooner, energetic, foreward
looking engineef~ a leader ·in creative 
solutions in both the department and 
the community, passed away shortly 
before this article went to press. We 
are deeply grieved. It is as a memo
rial, then, that we present this last of 
many contributions. 

INTRODUCTION 

In 1987, the Texas Department of 
Transportation (TxDOT) recognized 
potential benefits associated with a 
new shape of concrete traffic barrier 
(CTB). Ideally, if the barrier were ca
pable of being precast, this new shape 
would have two primary advantages 
over the conventional concrete traffic 
barrier with New Jersey shape of face 
CTB (NJ): 

1. 	 The new shape could be per
manently positioned in medians 
with a minor stairstep, i.e., a 
differential in vertical profile el
evations of the left and right 
mainlanes. This characteristic is 
particularly desirable since the 
department has many miles of 
proposed expansion of rural in
terstate in the triangle formed 
by IH-45, IH-35, and IH-10 be
tween Houston, Dallas, and San 
Antonio. Generally, the expan
sion from four to six main lanes 
is accomplished by filling in an 
existing, depressed median and 
developing a flush median with 
continuous concrete traffic bar
rier. Stairsteps in the median are 
commonplace because of exist
ing superelevation of left and 
right mainlanes in horizontal 
curves, eXIstmg independent 
profiles of left and right 
mainlanes, or as a result of dif
ferential overlays, nonuniform 
settlement, etc. of the individual 
roadways. In the past, only cast
in-place construction had been 
used to construct CTB(NJ) in 

Stairstepped median as a result of parallel 

main lane profiles in superelevated horizon

tal curves, CTB (NJ) ... 

NOT READILY PRECASTABLE 


--j8"/--

Stairstepped median as aresult of inde
pendent mainlane profiles, CTB (NJ) ... 
NOT READilY PRECASTABlE 

"A" 

I 
PCl 

FIGURE 1: Cast-in-place CTB (NJ). 

stairstepped medians (Fig. 1). 
2. 	 The new shape would ac

commodate future pavement 
overlays without becoming 
functionally obsolete (Fig. 2). 
The conventional CTB(NJ) al
lows for only three inches of 
overlays - up to the first 
breakpoint in shape of face 
(Fig. 3); pavement milling or 
possibly removing and resetting 
precast CTB(NJ) becomes nec
essary for thicker overlay accu
mulations. 

SELECTION OF A NEW SHAPE 

The author recommended a trap
ezoidal barrier cross section because it 
could be placed in a stairstepped me
dian on the lower roadway and the 
face configuration would still be iden-

Allowance for stairstep and future pavement 
overlays... (new shape) 

tical for both directions of mainlane 
travel. The trapezoidal shape could be 
precast with simple form construction. 
The initial design included a 8 inch 
wide top to be compatible with pos
sible mounting of illumination atop 
the barrier and a minimum height of 
42 inches to accommodate minor 
stairsteps and future pavement over
lays. The Texas Transportation Insti
tute (ITI) then evaluated the slope of 
the barrier face, which in tum, deter
mined the base width. 

TTl used various barrier/vehicle 
crash simulation programs to arrive at 
a promising slope of face, then con
ducted four high-speed crash tests 
with passenger cars as prescribed by 
national standards for the testing and 
evaluation of barriers (NCHRP 230). 
Results indicated that the new barrier 

Allowance for future pavement 
overlays... CTB (NJ) 

--I 	8" 1-

FIG. 3: CTB (NJ) allows only 3-inches. 

3" Max. 
allowable 

future PVMT 
overlay 

j 

FIG. 2: New shape handles overlays. 
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shape compared favorably from a 
safety standpoint with the crash re
sults for the traditional CTB(NJ) 
shape. 

The new shape was referred to as 
single slope concrete barrier, or 
SSCB. The trapezoidal shape had an 8 
inch top, 24 inch base, 42 inch height, 
and 10.8 degree slope of face in its 
basic configuration (Fig. 4). In com
parison to CTB(NJ), the new single 
slope design is 10 inches taller and 
200 pounds per foot heavier (Fig. 5). 
The crash-tested precast units were 30 
feet in length and had a provision for 
grouted, dowelled joints when penna
nently positioned. 

EXPERIMENTAL PROJECTS 

The SSCB design was selected for 
experimental use on two adjoining 
projects on IH-35 in Hays County. 
These projects provided for additional 
lanes to be constructed in the median 
area between B uda and the northern 
city limits of San Marcos. 

Both contracts required that the 
roadway SSCB be precast so that bar
rier segments could be used in tempo
rary locations for traffic handling pur
poses. The contractor had the option 
of precast or cast-in-place bridge bar
rier; cast-in-place techniques were ac
tually used on bridge structures. 

The two construction projects to
taled approximately seven miles 
(40,000 feet) of the basic 42 inch high 
SSCB at a cumulative low bid of 
$18.54 per linear foot, comparing fa
vorably to a statewide average of ap
proximately $20 per linear foot for 

Recommended configuration of single slope 
concrete barrier.. .READILY PRECASTABLE 

8" 
~------I--I------~ 

~ 
30" Absolute 3l: 

min. future ~ 42" 
barrier height ~ Barrier 

~ ~ 
-I FUture - .~ TLI ;=;:~e 1-1 

12" Allowed for stairstep's and future overlays 

FIG. 4: Recommended configuration. 

in-place, conventional CTB(NJ). Ap
proximately 7,000 feet of 48 inch 
high precast barrier and over 8,000 
feet of 54 inch high precast barrier 
were used in the higher stairsteps en
countered in superelevated horizontal 
curves. Costs were $20.96 and 
$24.53, respectively, for the 48- and 
54-inch heights. Hunter Industries of 
San Marcos, Texas, was the low bid
der on both projects. For each of the 
three barrier heights (42, 48, and 54), 
the base width varied while the slope 
of the face (10.8°) was held constant. 

Drawings were developed and in
cluded in the TxDOT plans for 
bridge, SSCB(1), and roadway, 
SSCB(2), precast barriers (Figures 6 
and 7). 

PRECAST FABRICATION 

Hunter Industries elected to design 
and construct fonns and then cast all 
precast barrier segments in the field in 
a fabrication yard along IH-35 near 

Comparison of single slope 
and New Jersey CTB's... 

8"
1---1 

J 
19" 1, 42" 

New 
~ Jersey 
10" CTB 
~ 

1 __-,3" 

-t / 1--24"-11 
--271/4"

FIG. 5: SSCB compared to CTB (NJ). 

Buda, Texas. They fabricated eight 
fonns for the 42-inch barrier, one for 
for 48-inch barrier height, and one 
form for 54-inch barrier height. The 
steel forms were positioned so as to 
cast the barrier in an inverted fashion. 
The end sections were removable to 
facilitate lifting the barrier segments 
from the forms. Another removable 
section fonned the drainage slots and 
the longitudinal void to accommodate 
conduit (when used) which were lo
cated on the barrier base. 

Reinforcing steel, typically ten #5 
bars longitudinally, and #4 bars verti

cally on 12 inch centers, was tied on a 
nearby rack, then moved with a fork 
lift and set in the fonns. 

The fonns were positioned for ease 
of dumping concrete from ready mix 
trucks, and platforms provided for 
ease of vibrating the freshly poured 
mix. Specifications allowed Class A 
(5 sack), C (6 sack), or H (6 sack) 
concrete. The contractor desired to re
move the precast units approximately 

Formed or Drilled Open Hole In Slab 

FIG. 6: SSCB( 1 )/or bridge slabs. 

8" 
t-:-l 

>. 

~ 
b ~ (V) 

8:.c: 
'E ®OJ ~ :0 0 

t.)'" 
~ ~ 

1" Min. ACP 
or Equivalent 
For Lateral 
Support Typical Section 

(Typ. Cover)1 3/4 " 

H1 Bar 
H2 Bar 

Section A-A 

FIG. 7: SSCB(2) typical section and 
rebar detail. 
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FIGURE 8: Steelform with removable end. 

twenty hours after casting so that a 
daily pour could be made. The use of 
Class C concrete was necessary to ob
tain the necessary strength for early 
removal from the forms. 

Standard Specification Item 514 
"Concrete Traffic Barrier" was the 
pay item, and Standard Specification 
Item 421 "Concrete for Structures" 
governed the quality characteristics 
for concrete. 

The 30 foot long segments were 
removed from the forms using 
threaded inserts at prescribed lifting 
points. Segments were temporarily 
stored in a sand pit, rolled 180 de
grees then moved with a fork lift and 
stored in stacks. Figures 8 and 9 il
lustrate the precasting operations. 

FIELD PLACEMENT 

The new, precast SSCB was set in 
locations along IH-35 using a 35-ton 
crane (Fig. 10) for handling. 

In their temporary roadway loca
tion, barrier segments were connected 
in a structurany light fashion by plac
ing a rebar cage in adjoining vertical 
slots. Barrier mass provided the nec
essary resistance to sliding or over
turning as had been proven in crash 
tests at TTL 

After being set in permanent loca
tions, barrier segments were con
nected at the joints by grouting the 
rebar cage into a vertical void that 
had been precast in the barrier ends. 
Barrier units were also keyed in with 

two inches of asphaltic concrete pave
ment placed adjacent to each side of 
the barrier base. These measures pro
vided for complete barrier stability 
during impacts. 

ACCIDENT EXPERIENCE 

The SSCB was accidentally im
pacted seven times by various ve
hicles in both temporary and perma
nent barrier locations. There were no 
fatalities nor serious injuries attributed 

to barrier/vehicle interaction. Safety 
performance was therefore acceptable 
as had been anticipated after the crash 
testing evaluation performed by TTL 

SUMMARY 

The newly velop d single slope 
concrete traffic barrier ha been 
shown to be a afe, economical bar
rier on two experimental project on 
rural IH-35 in Hay, County (Fig. 10). 
The hape i simple, and the configu
ration lends it elf readily to central or 
on-project precasting operations. 

The increased height of the new 
barrier reduces headlight glare, and 
the combination of increased height 
and mass contribute to the crash con
tainment of heavy, high-center-of
gravity trucks. These by-product ad
vantages also contribute to the 
attractiveness of the new barrier con
figuration. 

It is anticipated that this barrier 
will be used on IH-35 in the remain
ing expansion areas of TxDOT Austin 
District through San Marcos and 
south to the Comal County line. Ad
joining TxDOT San Antonio District 
has indicated a strong interest in using 

FIGURE 9: Filling theforms. 
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FIG. 10: Precast units in casting yard. 

this barrier shape for adding lanes in 
the median area of IH-35 southward 
in Comal County. 

by Walter H. Kraft, P.E. 

Walter H. Kraft is a senior vice
president of Edwards and Kelcey, 
where he is chief of traffic engineer
ing and transportation planning and 
project administrator and technical 
consultant on transportation study 
and design projects. He has been 
with the firm for 27 years. Kraft, the 
author of many published technical 
articles, is a graduate of Newark Col
lege of Engineering and New Jersey 
Institute of Technology (NJIT) , where 
he received a Doctor of Engineering 
Science degree. Kraft is a registered 
Professional Engineer in 10 states 
and is a licensed Principal Planner in 
New Jersey. He is a Fellow of the In
stitute of Transportation Engineers; in 
1987, he served as the Institute's in
ternational president 

This article is based on a presenta
tion made by Dr. Kraft at ITE's 
international conference, "Beyond 
Gridlock: Getting There from Here," 
held in Dallas in March 1989. 

Is there hope for the future? This 
is a question to which one wants to 
answer "Yes." For without hope we 

FIGURE 11: 35-ton crane placing precast barriers. 

Due to its straight forward design, 
ease of construction, advantages in
cluding precastability in stairstepped 

HOPE FOR THE FUTURE 
cannot dream, and without dreams or 
vision, we will not achieve. 

Dreams have helped us to achieve 
greatness. Where would we be if the 
Wright brothers did not dream of fly
ing. Thomas Edison did not dream of 
recording sound, Gustave Eiffel did 
not dream of building a tower, 
Alexander Bell Did not dream of 
transmIttmg sound through wire, 
Marconi did not dream of transmitting 
sound without wires, and Roebling 
did not dream of building a suspen
sion bridge? In more recent times, 
we have had innovators with vision in 
our own profession, including Alan 
Gonseth, with his foresight of the 
present traffic congestion crisis; Alan 
Voorhees, with his pioneering efforts 
in transportation planning; Henry 
Barnes, with the use of media to build 
support and develop a consensus; 
Jack Leisch, with the human factors 
aspects of highway design; William 
Phelps Eno, with his work on traffic 
regulations; and Carlton Robinson, 
with his efforts to bring the transpor
tation community together in Wash
ington, D.C., to present a unified 
approach on transportation issues. 

medians, and its simple accommoda
tion of to future pavement overlays, 
this new barrier shape should experi
ence more widespread use. 

There are, of course, others that I 
could mention, because every trans
portation professional is an innovator. 

TECHNOLOGICAL ADVANCES 

We often hear the phrase, "innova
tion through technology," because we 
have been innovative through our use 
of technology. We frequently say in
novation is reliant on advances in 
technology. Such thoughts can only 
stifle our dreams. Most discoveries 
that will advance the use of technol
ogy in our field during the next 10 
years have probably already been 
made. We need to uncover these dis
coveries, no matter where and how 
they are being used, and then evaluate 
them in terms of our needs. This pro
cess is not always quick or easy. 
Chester Carlson's invention of xerog
raphy, for example, took 21 years 
from invention to commercialization. 

Let's look within our own field 
transportation. How long did it take 
for each stage of technological ad
vancement in intersection control to 
proceed - from semaphores, to fixed 
time controllers, to actuated control
Ie rs, and to computerized traffic sig
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nal systems including changes from 
analog to digital systems and me
chanical to solid-state equipment? 
How long did it take us to adapt the 
concept of routing telephone mes
sages through a communications net
work to routing traffic through a 
transportation network? 

To dream, we need to put aside our 
prejudices so that we can explore and 
discover as a child would, even 
though our exploration might take us 
down some blind alleys. San Fran
cisco State University offers a tech
nology-based course (Basic Design 
300) in which students are asked to 
bring food items to class and to use 
them to build a tower at least 36 
inches tall. While this might seem 
like a simple task, each student is re
quired to eat - in one sitting - his 
or her tower. One student built a 
beautiful structure using five loaves of 
bread, but had difficulty eating the 
tower in one sitting. Another student 
built a tower out of crushed ice, but 
found that there was over a gallon of 
water to drink. One innovative stu
dent built a tower out of bread cubes 
covered with chocolate, which was a 
pleasure to eat [Ref. 1]. Like these 
students, we should look for different 
materials with which to build our 
towers. 

Where should we look for new 
technological discoveries? Every
where. Back when the first satellite 
was launched, who would have 
thought that someday we would be 
using satellites to track vehicles on 
earth? Surveying, which may en
gineers used to consider sub
professional, has become a high-tech 
field, with some state registration 
boards requiring four years of college 
in addition to a stated number of 
years of experience. Satellites and 
surveying are used on many proposed 
vehicular navigation and route guid
ance systems being developed in Eu
rope, Japan, and the United States. 
For example, Autoguide is such a sys
tem currently being tested in England 
and Gennany. To use this system, the 
driver enters his or her destination 
into a small computer on the dash

board. An arrow on the computer 
screen and an electronic voice give 
directions to the driver. The reason
ably priced system costs $350 to $550 
to purchase and install and has annual 
operating fees of $50 to $180. 

We may encounter some night
mares in our dreams of future sys
tems. Human factor considerations 
(especially those of our aging popula
tion), which we transportation engi
neers realize are important, may re
quire increased emphasis if we are to 
develop effective and safe innovative 
systems. Airplanes are among the 
most complex machines in use today. 
Yet mechanical failures are rarely 
cited as the primary cause of a disas
ter. The Federal Aviation Administra
tion states that "nearly two-thirds of 
all fatal jetliner accidents are attrib
uted, at least in part, to human error: 
mistakes made by pilots, controllers, 
or maintenance workers" [Ref. 2]. 
Concern has been expressed that the 
use of advanced technology may re
sult in a breakdown of the man-ma
chine interface, causing the pilot to be 
in danger of feeling "out of the loop" 
and being a passive cockpit bystander 
- possibly being bored. In response, 
the FAA recently began researching 
human factors. Perhaps we can use 
their discoveries for our in-vehicle 
navigation systems. 

The California Department of 
Transportation (Caltrans) recently 
completed a study, using econometric 
models, on the relationship between 
transportation system health and eco
nomic prosperity. Some of their pre
dictions could become nightmares. 
They predict that if highways are al
lowed to deteriorate, then by 1995: 

• The gross national product will 
drop by $365 billion; 

• Prices will increase by 5%; 

• Employment will decline by 2.6 
million persons; 

• Private productivity growth will 
continue to slow down; and 

• The United States will continue 
to decline in international com
petitiveness. 

As a result, the private sector will 
see costs transferred to it at a ratio of 
seven to one, based on a benefit-cost 
ratio of savings in transportation oper
ating costs to roadway capital outlay 
that exceeds 6.8 [Ref. 3]. To avoid 
this nightmare, we need to dream of 
innovations that will bring a different 
future. For example, think of the 
changes that an in-vehicle navigation 
system could bring about. One 
change could be the elimination of all 
directional signs, which would mean 
savings in construction and mainte
nance costs. 

Increased use of knowledge-based 
expert systems could also bring a dif
ferent future. These systems are in
teractive computer programs that in
corporate judgment, experience, rules 
of thumb, intuition, and other exper
tise to provide knowledgeable advice 
about a variety of tasks. The knowl
edge of our experts could then be re
tained and an expert's knowledge 
could be made more widely available. 

To induce change, we need to re
view our methods and dream of what 
could be done. The California Pro
gram on New Technology for High
ways (PATH) is attacking lane capac
ity and safety in all ways to improve 
efficiency through the use of narrower 
lanes, shorter distances between ve
hicles, increased speeds, and reduced 
length and size of vehicles. Consider: 

What would happen if some 12
foot lanes were narrowed to 8 feet 
and restricted to automobile use? 
One result would be an increased 
number of lanes on segments of our 
freeway system. 

Suppose that the distance between 
cars were shortened so that flows of 
1,800 to 2,000 vehicles per hour with 
1.8- to 2.0-second headways could 
change to flows of 3,600 to 7,200 
vehicles with 0.5- to 1.0-second 
headways. Such a change is possible 
with the use of radar collision avoid
ance systems, smart cruise control, 
and intervehicle communications. 

How much would freeway level of 
service be improved if peak -hour 
speeds were increased from about 30 
miles per hour to 55 miles per hour? 
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Some current ramp metering systems 
are helping us to achieve this change. 

What increase in parking density 
would we achieve if vehicle sizes 
were reduced? The Lean Machine by 
General Motors is 3 feet wide, 10 feet 
long, and weighs about 400 pounds. 
How many of these vehicles could we 
park in our current parking garages? 
Also, such vehicles could probably 
use 6-foot travel lanes. 

Our dreams can bring about such 
changes. 

RESOURCES 

As we know, the traditional 
sources of funding for transportation 
are not adequate to help us meet our 
present and future challenges. Em
phasis has changed from traditional 
sources to others, including developer 
contributions and user fees. Voters in 
nine counties in California have de
cided to increase their sales tax by 
one-half cent for periods ranging from 
10 to 20 years and to dedicate this 
amount to transportation. This pro
vides about $400 million per year 
(which is typically divided equally 
among transit, local road, and re
gional road projects). Construction of 
toll roads is again being considered in 
many areas. 

What could our dreams of future 
funding include? I can think of the 
following: 

• Continued government involve
ment, 

• Increased user fees, 

• Greater willingness 	on the part 
of voters to dedicate taxes for 
transportation, and 

• Continued 	developer participa
tion. 

Perhaps you can think of others. 
Between 1976 and 1986, the num

ber of scientists and engineers in the 
U.S. workforce increased by 7%, as 
compared to an overall increase in the 
workforce of 2%. In 1986, more than 
4.6 million scientists and engineers 
were employed in the United States. 
But we still have a shortage of engi
neers. 

In 1976, about 47% of all engi
neers were over age 40. By 1986, 
that age group had increased to 59%. 
We are not attracting enough young 
engineers into the profession, which is 
a reflection of the school systems in 
the United States. A recent survey in
dicated that: 

Only 40% of U.S . students can 

solve a complex math problem; 

Only 42% can understand a sci

ence problem; and 

Parents do no encourage their 

children in math and science. 


To help us meet the future person
nel demands of our profession, we 
need to: 

Excite students in math and sci
ence; 

Welcome foreign or foreign

born engineers; 

Utilize retired engineers in the 

work force on a part- or full

time basis; 

Make greater use of knowledge

based expert systems; and 

Increase the status and compen

sation of engineers, so that we 

can attract the brightest minds 


to our profession in govern
ment, the private sector, and 
academia. 

With such a labor force, we can 
dream and innovate, and thus achieve 
great things. 

CONCLUSION 

Is there hope for the future? I say, 
"Yes," for there must be hope if we 
are to maintain our civilization and 
national well-being. One measure of 
our nation's well-being is the quality 
and extent of our public works 
projects. Transportation, because of 
its direct connection to our quality of 
life, is an indication of our civiliza
tion. This link has been obvious 
since earliest time and has promoted 
many dreams. Therefore, let us never 
stop dreaming, and let us have contin
ued hope for the future. 
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CORRIDOR-WIDE TRAFFIC 

MANAGEMENT 


Continued from Page 9 ... 


SUMMARY 

Impacts of a major construction 
project extend beyond the freeway be
ing reconstructed to alternative routes 
and modes in the entire traffic corri
dor. Therefore, a corridor-wide traffic 
management plan may be needed. 
Such a plan has three components: (1) 

a traffic control plan for the construc
tion, (2) improvements to accommo
date traffic diverted to other routes 
and other modes, and (3) public infor
mation programs for nearby residents, 
businesses, and motorist affected. 

Interdependent are the traffic con
trol plan for a project and the plan to 
improve alternative routes and modes. 
Data indicate that the most common 
change in travel patterns during con
struction is the diversion of traffic to 

alternative routes. The greater the re
duction in freeway capacity, the more 
traffic will divert to alternative routes 
and the greater the need for improve
ments to minimize delay and conges
tion within the corridor as a whole. 

Each construction project is 
unique, and it has proven difficult to 
predict how motorists will change 
their travel patterns in response to a 
onstruction project. Traffic manage

ment techniques that are effective at 
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one project may not work at another. 
Consequently, a corridor traffic man
agement plan needs flexibility. Certain 
techniques, particularly low cost im
provements such as signal timing 
changes, tum prohibitions and parking 
restrictions on alternate routes have 
consistently proven to be cost effec
tive. Conversely, the cost effective
ness of other techniques, particularly 
improvements of alternative modes, 
has varied depending on location. 

A strategy used on several projects 
reviewed during this research has 
been to accelerate the implementation 
of improvements scheduled for alter
native routes so that they are in-place 
before construction begins. Similarly, 
some more costly planned improve
ments can be put on hold until condi
tions during construction are evalu
ated and the need for action is 
verified. A final alternative is to 
implement actions on a temporary ba

sis, and then to reduce or eliminate 
those actions found to be unnecessary. 

More specific guidelines and a cor
ridor analysis methodology are of
fered in the recently published, Corri
dor Traffic Management Guidelines 
for Major Urban Freeway Recon
struction, Research Report FHWA/ 
TX-91/118-4F available from the Li
brary: (512) 465-7644 or TexAn 241
7644. 

WICHITA FALLS' FIELD TRIAL FOR SLOPE STABILIZATION 

Wichita Falls District has experi

enced repeated slope failures on a 
section of Loop 370 (Bus. 287), 
known locally as East Scott Street, 
near the Burlington Railroad under
pass. Starting on February 11, 1991, 
district maintenance forces cut out the 
failed material from the two recent 
slides (Fig. 1). This material was 
taken by dump truck to a gore area 
near US 287 and spread out using two 
maintainers so that the Fibergrid, a 
type of polypropylene fibrillated fiber 
with a staple length of about one inch, 
could be added the next day. Un
opened, the fiber is about 1/8 inch 
wide. Mixing with soil causes fila
ments of the fiber to spread in a pat
tern similar to expanded metal. The 
addition of Fibergrid mesh does not 
increase the peak strength of the soil; 
it allows the the soil to maintain its 
peak strength over a longer strain. In 
other words, it is supposed to increase 
the tensile strength of the soil by act
ing like an instant root mesh system. 
This is the first field test of it as a 
slope stabilization material. 

Initial lab tests of the failed slope 
material had indicated an average PI 
of less than 6. Triaxial samples were 
molded in the district lab from the 
failed soil with 0 percent, 0.2 percent, 
0.4 percent and 0.6 percent by weight. 
Based on the initial lab reports and 
their experience with the polypro
pylene fibers, Synthetic Industries' 
representatives opted for an applica
tion rate of 0.2 percent polypropylene 
fiber by weight to dry weight of soil. 
At this application rate, an estimated 
120 twenty-pound bags of fiber were 

FIGURE I: Excavated slide area. 

needed for the job. 
The clay on site appeared to have a 

significantly higher PI than indicated 
by the initial lab samples, perhaps in 
the twelve to eighteen range. The 
Synthetic Industries personnel were 
not sure the fiber could be worked 
into this heavier plastic clay without 
the aid of additives and a pugmill or 
rotomill. Also, they expressed concern 
that the coconut oil used to make the 
fiber easy to spread would keep the 
fiber from sticking in the clay and un
folding as it was worked in. This 
problem did not develop, however. 
The coconut oil either rubbed off with 
the repeated working of the soil or 
was dissolved by the water in the soil. 
Raw soil control samples were taken 
on site, as well as field-blended 
samples for more triaxial testing by 
the district lab. 

The fibers were broadcast by hand 
over windrows made by the two 

maintainers (Fig. 2). The maintainers 
turned the windrows over, and a trac
tor pulled a small agricultural disk 
harrow through the material repeat
edly. Originally, the blending was pro
jected to take about two hours. In ac
tuality, it took over 5 because of the 
unexpectedly heavy clay, but the fi
bers were satisfactorily worked into 
the clay. 128 bags of the polypro
pylene fiber were used. 

The red clay went though a color 
change as the fibers became thor
oughly mixed. There were two rea
sons put forth for the change: (1) the 
fibers contain carbon black as ultra
violet protection and the application 
rate is high enough for the black fi
bers make the soil appear darker; (2) 
the polypropylene tends to wick mois
ture away, tending to dry the soil and 
causing the color to change. 

As a sort of "quickie" experiment, 
the Synthetics Industries' engineer 
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FIG. 3: Close-up. 

spread a gallon ziplock bag full of 
polypropylene monofilament and had 
the disk harrow run over these white 
fibers twice. They appeared to work 
into the clay much more quickly in 
two passes than the fibrillated fibers 
did in five or more. The Synthetic 
Industries representatives hope that 
monofilament may prove to be as 
useful or more useful than fibrillated 
fiber for plastic clays. 

The slide sites themselves received 
slightly different treatment before the 
field-blended fill was returned. The 
slide site nearest the railroad overpass 
had an obvious seepage place. A fif
teen foot French drain was installed 
here. No drain was installed in the 
slide site that is uptraffic of the rail
road overpass. Both sites, however, 
had keyways stepped into the face of 
the failures with a Gradall to provide 
a less slick interface between the un
disturbed soil and the fiber-blended 
material. The maintenance crew 
blended fill back into the slide area 
using the Gradall and a bulldozer. 

FIG. 2: Fibergrids before mixing. 

As of September 1991, both ex
perimental sites were holding up well 
- they have already outlasted previous 
repairs - even though rainfall has 
been unusually high all su-tnmer. In 
the first three weeks of September, 
more than 8 inches has fallen. The all 
time high for that area for the month 

is 10.5 inches. The grass is notably 
greener and denser over the Fibergrid
repaired slopes, probably due to sev
eral factors such as aeration of the 
clay and wicking action of the fibers. 
The healthy vegetation implies a good 
root system development that will 
continue to hold the slope. 

TECHNICAL COORDINATORS' WORKSHOP 

by Lisa Lukefahr 


Research Engineering Assistant 

Division of Transportation Planning 


The Research and Development 
section held two seminars in August 
for technical coordinators of research 
studies. Technical coordinators are ex
tremely important to the success of 
any research. They are the depart
ment's experts who make sure that 
projects stay on target. Mr. Alvin R. 
Leudecke, P.E., commenced the work
shop by welcoming all the attendees 
and introducing the speakers. The first 
speaker was Mr. Bobbie F. Templeton, 
P.E., who presented the R&D Com
mittee's perspective on the role of a 
TC. Ms. Linda Smith, P.E., gave a 
brief overview of the department's re
search program, including an explana
tion of all parties involved. Mr. Mike 
Leary, P. E., of the FHWA explained 
the role of the FHWA and gave a na
tional perspective of research. 

At this point, the TCs began work

ing on groups of seven to ten people, 
with a D-IO team leader leading the 
discussion. D-IO group leaders were 
Ms. Lana Ashley, Ms. Lisa Lukefahr, 
Ms. Sylvia Medina, Ms. Tanya Pav
liska, and Ms. Linda Smith, P. E. 
Each TC was given a notebook with 
organizational charts, examples, defi
nitions, and other tools. Approxi
mately 80 minutes were spent dis
cussing every aspect of the research 
program, including all facets of: 

problem statements; 
project agreements; 
project management; and 
implementation. 

The group discussions were infor
mal with opportunities to ask ques
tions about specific, real-world prob
lems. This format also provided an 
occasion for each TC to give input 
back into the program by making sug
gestions for improvements. Research 
personnel plan to respond to these is
sues. 

Workshop attendance for both days 
combined was 68 people. Fifty-five of 
these were technical coordinators with 
HPR projects active in FY92 - a 69 
percent attendance rate of active TC's. 
Many of the remaining 13 attendees 
were appointed to represent a TC who 
was unable to attend. An evaluation 
form was provided to the workshop 
attendees to rate the effectiveness of 
the information and of the presenta
tion. The evaluation indicated that 59 
percent of the attendees felt they did 
not have adequate information on 
their role as a TC prior to the work
shop. Only 3 percent (2 people) felt 
that they still did not have adequate 
information to carry out their TC du
ties after the workshop. The work
shop notebook and a new Departmen
tal Informational Exchange, "How 
Technical Coordinators Make the Re
search Program Work (T2.4-3)," are 
available through the Library: (512) 
4 5-7644, Tex-An 241-7644. 
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ACCIDENTS ARE NOT A FACTOR IN SELECTING 

WORK ZONE TRAFFIC CONTROL 


BACKGROUND 

This FHWA research project, Con
struction Costs and Safety Impacts of 
Work Zone Traffic Control Strategies 
(FHWA-RD-89-210), was initiated to 
detennine the costs and safety im
pacts associated with traffic control 
through work zones on rural, four
lane, divided highways. The research 
compared construction projects using 
a single-lane closure (SLC) versus 
closing one roadway, constructing 
crossovers, and using the other road
way for two-lane, two-way operations 
(TLTWO). Data were collected for 
construction costs and accident expe
rience for 51 projects located in 11 
states. Traffic data were collected on 
25 projects where traffic delays oc
curred. 

RESULTS 

The study found accident rates 
were not significantly different be
tween the two traffic control strate
gies. Therefore, the selection of the 
control strategy is primarily based on 
the type of construction. If traffic con
gestion is expected to be a problem, 
the construction costs and traffic de
lay should be studied before selecting 
the control strategy. 

ACCIDENT ANALYSIS 

The accident rates for each project 
were determined for "before" con
struction and "during" construction. 
The change in accident rates varied 
among projects with a "during" rate 
increase of 600 percent to a reduction 
to 35 percent of the "before" accident 
rates. It was found, however, that 
there was no statistical difference in 
the accident rates for SLC versus 
TLTWO over the time period covered. 
There was no significant difference 
found in total accident rates "before" 
versus "during" construction for all 
projects, but the fatal plus injury acci
dents had a significant increase during 
construction for both strategies. In an 
analysis of accident rate change, it 
was found the SLC projects tend to 
show more of an increase, and the 

(1) Estimate Demand Traffic Votumes 
(Directional vph) 

I Peak Demand Peak Demand Peak Demand 
Volume Volume Volume 

< 300 vph 300 - 2,000 vph > 2,000 vph I 

I I 
Ignore Road Follow I Corridor Analysis 
User Costs Procedures Required 

I 
(2) Estimate Work Zone Capacities 

(ConSider Travelway Width) 
I 

I Single Lane Closure I Two-lane Two-way Traffic Operation I 

In Lane 

I 

In Median In Opposite 
Closure Direction Crossover Direction Direction 

I 
! 

(3) Determine Unit Cost Factors 
(For Travel Through Work Zone) 

I 
Determine Queue Length Determine Queue Length Determine Queue Length 

& Road User Costs & Road User Costs & Road User Costs 
(For Hours (For Hours (For Hours 

w/Demand > Capacity) w/Demand > Capacity) w/Demand > Capacity) 

Estimate Hours Estimate Hours Estimate Hours 
I

(Add) x Cost x Distance x Cost x Distance x Cost x Distance 
(For Hours (For Hours (For Hours 

w/Demand < CapaCity) w/Demand < CapaCity) w/Demand < Capacity) 
I 

SLC Cost/Day 
I 

TLTWO Cost/Day 
(Unudjusted) (Unudjusted) 

(4) Adjust Costs for Different 
Truck Percentages 

SLC Cost/Day ( TLTWO Cost/Day 

TLTWO projects more of a decrease was no noticeable congestion, the 
in accident rates "during" construc type of traffic control, SLC or 
tion. TLTWO, was primarily dependent on 

the type of construction project. Table 
STRATEGY SELECTION 

1 shows the seven types of construc
Study findings showed that where tion with the appropriate traffic con

traffic volumes were between 10,000 trol strategies. 
and 30,000 vehicles per day and there 
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The flow chart and Table I results TABLE 1,' Traffic contrtol by project type. 
are not a substitute for the need for 
sound engineering judgement and the 
careful consideration of all alterna
tives in the selection of the most cost
effective control strategy for the given 
project. 

COSTS 

A summary was developed of the 
construction costs per day and cost 
per mile for each project. There was a 
wide range in costs even within each 
type of construction due to the nature 
of work included within each project. 
Cost of one-way median crossovers 
for TLTWO ranged from $7,111 to 
$70,605. It was not possible to de
velop unit prices for traffic control be
cause of the diversity of bidding prac
tices. 

TRAFFIC STUDIES 

Lane traffic capacities were mea
sured where delay occurred in work 
zones. The research bindings suggest 
the capacity of a lane for SLC is 
about 1,800 vehicles per hour (vph). 
However, there are circumstances 
such as work activities that can sig
nificantly reduce the maximum traffic 
now to as low as 950 vph. The maxi
mum flows for TLTWO are approxi
mately 1,550 vph for the crossover 
lane about 1,800 vph in the opposite 
lane. These values may also be re
duced with geometric restrictions. 

PI{ ().J E('TTY P E 

Concrete Pavement Recycling /Overlay 

Concrete Pavement Restoration 

Asphalt Concrete Pavement Overlay 

Bridge Deck Overlay 

Bridge Deck Replacement/Widening 

Recon truction 

New /Interchange Construction 

SLC=Single Lane Closure 


TLTWO= Two-Lane,Two-Way Operations 


*Perform Complete Cost Analysis 


ANALYSIS PROCEDURE 

The traffic analysis procedure in
volves four basic items: normal de
mand volumes, estimated capacity 
through work zone, length of work 
zone, and the percentage of trucks. 
The hourly demand volumes are com
pared to the capacities, and the ve
hicle delay quantities are determined. 
Computer models such as QUEWZ3 
are available to assist in this calcula
tion. Road user costs are then com-

Sl l(;(;ESTEf) 
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TLTWO 


SLC 


SLC 


SLC 


TLTWO 


TLTWO 


* 

puted for the uncongested condition 
for the length of the work zone and 
for the estimated delays during con
gestion. These costs are adjusted for 
the proportion of trucks in the traffic 
stream. 

From FHWA Construction Costs and 
Safety Impacts of Work Zone Traffic 
Control Strategies. Technical Sum
mary FHWA-RD-89-210 (December 
1989). 

BIOREMEDIATION OF ORGANIC CONTAMINANTS 

Sometimes the Georgia DOT must 

purchase property for roadway project 
development even though the project 
is contaminated, and then the DOT is 
responsible for cleaning up the site. 
Typically, the contaminant is a fuel or 
other organic material. 

Bioremediation is a clean-up 
method involving the use of microor
ganisms that consume organic mate
rial. A small scale bioremediation ex
periment [Georgia DOT Research 
Project 9007] is being conducted in 
which a container (3 feet high by 12 
feet diameter) of typical sand clay soil 
was contaminated with one percent by 
weight of diesel fuel. A well was con

structed at one end of the container 
and a limestone infiltration bed was 
constructed at the other end. Water is 
pumped out of the well into a drum 
where oxygen and nutrients are added 
(Fig. 1). The water is then pumped to 
the infiltration bed. This water move
ment is designed to simulate natural 
groundwater action. 

The pH and dissolved oxygen level 
in the well water is measured daily. 
According to literature, microbes de
grade organic material optimally un
der aerobic conditions and neutral pH. 
An aeration rod was put in the drum 
and hydrogen peroxide was added pe
riodically to maintain aerobic condi

tions. Limestone and potassium hy
droxide were added periodically to 
raise the pH. 

Soil samples were removed from 
the container and analyzed for micro
bial activity by C02 measurement and 
plate counts. After addition of fertil
izer to the soil samples, the C02 pro
duced by the microbes increased from 
2 to 6 times. The plate counts also in
creased. Based on this increase in mi
crobial activity, fertilizer was added to 
the test site. 

A soil sample was analyzed for 
total petroleum hydrocarbons one 
month after the addition of diesel fuel. 
The hydrocarbon level was 8120 ppm. 
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FIGURE I: Schematic ofGeorgia DOT's bioremediation container. 
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(Original level was 10,000 ppm.) Fer
tilizer was added two weeks later. 
Two months after the petroleum hy
drocarbon level was 600 ppm. Since 
the beginning of the study there has 
been a reduction of hydrocarbons in 
the soil of 94 percent. The report will 
be available in December 1991. 

For further information, please 
contact Pam King at (404) 363-7615 

Georgia DOT Research News 17 (Fall 
1990): 1 

Old Address: (if changed) __________________________________ 

Signature: ___________________________ 
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