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The Center for Transportation Research is a multidis

ciplinary transportation research and educational organi

zation established within the Bureau of Engineering 

Research of the College of Engineering to coordinate 

research and education programs in transportation at The 

University of Texas at Austin. As such it focuses on 

local and state transportation problems, which also reflect 

the national interest, and provides an academic back

ground for the development of professional careers in 

transportation. It offers a forum for faculty and student 

participation through close working relationships with 

industry and government agencies, as well as other 

universities with common goals and interests in trans

portation education and research. 

The Center coordinates and administers a comprehen

sive research program aimed at improving transportation 

and represents the University in a cooperative Transpor

tation Research Program with the Texas State Depart

ment of Highways and Public Transportation and the 

Federal Highway Administration and other agencies of 

the U.S. Department of Transportation. Many of the 

projects conducted at the center arc coopcrativley 

sponsored by these agencies. 

One goal of the Center is the development of funda

mental knowledge on a broad spectrum of transportation 

problems and issues. It engages in a continuous effort to 

identify new research possibilities for the University com

munity and sponsors various meetings to facilitate the 

exchange of ideas on transportation and societal needs 

with industry and government. 

The key to the Center's program is the University 

faculty, which gives the broad based experience and 

expertise required to conduct a successful research 

program. Center projects are conducted by full-time 

faculty members and students, supported by a small ad

ministrative staff, in keeping with the University goal of 

linking meaningful research with academic programs. 

One result of this coordinated research is that many 

students find employment with research sponsors upon 

cornpll'tion of their academic programs. 
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The Center is continu ing to provide what we consider 

to be quality service to our sponsors and to the Univer
sity, as well providing a valuable educational experience 

for our students . The Center is growing, in the number 

and variety of projects, in total funding, and in capabil

ity, and is producing research results and students that 
we are proud of. Throughout our existence, there have 

been challenges from a wide variety of problems, and we 

believe that the implementation of the results of the many 
Center studies has provided valuable input to the sta te's, 

and the nation's, transportation systems. 

We are happy to have become part of the University 

Transportation Centers Program and to be participating 

in that research. We are also pleased that we are involved 

in the Texas State Department of Highways and Public 

Transportation graduate program for engineers employed 

by the Department. The first of the students assigned to 

the University under that program are now studying 

and doing research with the Center. 

We are confiden t that our tradition will con tinue and 

that the facu lty, students, and staff involved in Center 

research will maintain the attitudes and capabilities that 

have served so well for more than twenty-five years. We 

will work together to assure that the results of our 

transportation engineering research serve the state and 

its citizens through both education and research. and that 

the state's transportation system can successfu lly respond 

to ever-increasing demands, including those resu lting 

from unpredictable but ongoing economic changes. 

B. F. McCullough 



Prestressed Concrete Pavement Overlay 

Ken Hankins 

Prestressed concrete slabs are common in 
building construction and arc often specified in 
floor slabs. However, probably because of the 
stressing techniques, the use of prestressed paving 
has been somewhat more conservative. The concept 
of prestressed concrete pavement (PCP) originated 
in Europe over 40 years ago, and since that time this 
type of paving has been used in both airfields and 
highways. Texas became involved in 1983, when a 
demonstration project of prestressed concrete 
pavement overlays was initiated. At that time the 
Center for Transportation Research inaugurated a 
series of conceptual and experimental investigations 
for the Texas State Department of Highways and 
Public Transportation into the design and implem
entation of PCP. These studies examined several 
separate aspects of PCP. 

e An investigation into very early post-tension
ing of concrete was conducted to examine the possi
bility of preventing temperature and shrinkage 
cracks in long PCP slabs during the first night after 
casting. 

e Experiments on the capacity of the anchorage 
zone in slabs were performed considering slab 
thickness, tendon spacing, anchor size, and time 
from casting as test variables. 

e Experiments were performed to determine the 
amount of initial prestressing that is lost along the 
length of unbonded tendons. 

e An experimental study was carried out to 
evaluate the effectiveness of using polyethylene 
sheeting in reducing friction at the interface of a 
concrete overlay on an asphalt base. 

e A design methodology for PCP that incorpo
rates procedures for determining slab thickness, 
prestress level, and slab length was advanced. 

e A computer model (PSCP-1) that uses a finite 
difference procedure to focus on slab length changes 
and longitudinal stresses in PCP as a result of 
changes in concrete temperature and base-friction 
was developed. 

8 A series of regression analyses was performed 
to study the effect of prestress on the fatigue life of 
concrete, the interaction of prestress and stress due 
to vehicular loading, the effect of prestress in 
delaying microcracking in concrete, and the effect of 
prestress on elasto-plastic behavior of prestressed 
concrete. 

In 1985, approximately one mile of PCP overlay 
was constructed on !H 35 north of Waco, near West. 
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The PCP m·erlay was placed over an existing 
jointed concrete pavement . The one-mile length 
was composed of sixteen test slabs, and PCP slab 
lengths of 240 and 440 feet were' selected. Fig-
ure 1 shows the layout of the test area. The 
design of the PCP was based on the investigations 
and experimentation performed previously and 
included a variety of unique techniques, such as 
(1) internal stressing ncar the center of the slab 
applied at the "leave-out pockets," (2) incre
mental stressing, (3) both longitudinal and 
transverse stressing of the PCP slabs, (4) one layer 
of plastic sheeting as a bond breaker under the 
PCP slab, (5) steel armor type joints, and (6) a 
closed joint width for summer construction. 
Figure 2 shows a drawing of a typical PCP slab 

These brief reports on 

Center projects discuss 

areas in which there has 

been significant research 

progress and which are 

typical of Center 

activities. 

Figure 1. 
Layout Plan of the Mclennan 
County PCP Experimental 
Section 
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Figure 2. 

Fixed-End Tendon 
Anchorage 
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<t 
Slab 

10'-0" 

Longitudinal Joint 
and Interior Edge of the 

First Pavement Strip 

Post-Tensioning Pocket 
for Transverse Tendon 

10'-0" 

Layout of a Typical PCP 
Slab 

featuring the longitudinal and transverse tendon 
positioning along with the stress pockets. 

Follow up studies of the PCP construction have 
included several visits to collect performance 
information. Performance investigations have 
included the study of the longitudinal and vertical 
movements of the PCP slabs on IH35 in varying 
environmental conditions. Overall seasonal 
behavior of concrete slab movements is a function of 
the daily temperature cycles superimposed over 
seasonal temperature cycles. During the warm part 
of the day the concrete expands and the joint widths 
become less. Similarly, the smaller joint widths 
occur in the summer. Observations indicate the 
horizontal slab movements are significant and the 
entire slab is moving. That is, there is no movement 
at the center of the slab but movement occurs from 
the center toward the ends, with the maximum 
movement at each end. The horizontal movement 
corresponds to a thermal coefficient of about 
0.0000048 in./in./ degree F. Maximum joint widths 
range from about 1.5 inches to 3 inches. The slab 
movements correlated well with the concrete 
temperatures at mid-depth of the slab. Regression 
equations predicting horizontal slab movement 
were developed for the two lengths of slabs as 
shown: 
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440 feet 

where 

Y = 0.013 + 0.049X R**2 = 0.938 
Y = -1.399 + 0.060X R**2 = 0.965 

Y = Slope of movement/temperature equations 
(in. x 0.001 /"F) 
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Vertical movements were 
much larger than expected. 
Vertical movements were 
found to be on the order of 
0.20 inch when the daily 
temperature cycle was about 
30 degrees F. The vertical 
movement appears to be asso
ciated with the differential 
temperature between the top 
and bottom of the slab. The 
rate of vertical movement 
seems slower when the 
surface of the slab is cooling 
and moves at a faster rate 
when the surface begins to 
receive heat from the sun. 

The studies have led to the 
development and calibration 
of a mechanistic design model, 
PSCP2. The model requires 
input data of the properties of 

the various materials associated with the pavement 
and subgrade along with the slab/base friction 
properties and slab dimensions. The output 
presents information of the movements, the concrete 
and steel stresses, and the friction developed at the 
slab I subbase interface. 

After some three years of service, the prestressed 
pavement is in excellent condition. There are only 
two transverse cracks in the one mile length, and 
both occurred on a slab where initial processing was 
inadvertently omitted. It is believed that this fact in
dicates the initial prestressing followed by the final 
stressing is beneficial. Some longitudinal cracking 
has occurred and this cracking seems to have 
initiated at the corners of the leave-out pockets. A 
finite element program was used to verify the stress 
conditions at these corners and corrective tech
niques have been developed for future construction. 
It should be noted that the cracks are not structur
ally significant. The cracks have not caused further 
distress and do not affect the serviceability of the 
pavement. Therefore, transverse stressing appears 
to be warranted. The armored joints have per
formed extremely well and there has been no 
unusual distress near the joints. The cost of this 
type of paving probably precludes widespread use 
until considerable experience has been gained both 
in construction and with repair. However, the 
paving could be used in selected areas, such as 
intersections. 



Evaluating a High-Speed Ground Corridor 
Rob Harrison 

Background 

The Center has been evaluating the potential for a 
high-speed corridor incorporating both road and 
rail components, using the approach shown in Fig 1. 
A possible use is in the Texas Triangle, which is 
comprised of the area defined by the cities of Dallas
Fort Worth, San Antonio, and Houston and has been 
forecast to contain 20 million people by the year 
2020, compared with 8 million today. In 1988, 
annual travel demand in the triangle was estimated 
at 19 million trips and was dominated by automo
bile and air travel. 

Various modes of high-speed travel have been 
considered to serve the needs of the public traveling 
within the triangle in the next century, but most are 
based on solutions developed for other countries, 
where land and auto use, public transit systems, 
disposable income, and federal intervention are all 
quite different from those of 
Texas. Rail systems are par-
ticularly favored by planners 
-what seems to be lacking is 
a plan for a safe, efficient, high-
speed, electronically managed 
highway facility to serve the 

State Planning Issues 

The corridor project was first evaluated in terms 
of state planning, economic impact, and political 
issues. The Texas State Department of Highways 
and Public Transportation conducted a series of 
meetings in 1988 to establish a consensus about 
transport needs in the next century, and the findings 
-in which the project was termed Texas 2020-
were used as the basis for an initial screening for 
evaluating the corridor program. 

The basic proposal, for a highway in the corridor, 
seemed to have good support in many of the 
report's findings. First, there was a strong desire to 
preserve, maintain, and expand the present high
way system to meet the needs in 2020. Second, the 
probable development of innovative technology that 
would address impending transit problems was 
discussed. Third, toll roads were suggested as a 
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Figure 1. 
Structure of Texas 2020 
Evaluation 

needs of automobile owners. 
The number of vehicle trip 

miles is predicted to increase at 
a faster rate than that of 
population growth, and Texas 
cannot build itself out of that 
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impending problem, but other 
solutions are at hand. Capaci
ties of existing networks are 
likely to be significantly 
improved through new vehicle 
and highway guidance and 
communication systems using 
advanced vehicle and com-
puter technologies and central 
traffic management systems; 
and current research indicates 
that the electronic equipment 
for urban travel in the next 
century will be capable of 
operating on limited access, 
higher speed facilities, such as 
ground corridors. 
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Figure 2. 
Speed vs. Flow for 
Different Values of PIJR 

6 

means for accelerating the rate of highway construc
tion and increasing network capacity. 

Political impacts were not viewed in the report as 
being critical as long as safety and environmental 
issues were correctly addressed. A 2020 highway 
facility would be routed through comparatively 
non-sensitive areas (minimizing negative local 
impacts), be self financing (good for budgets), 
generate local employment, and be popular with 
most auto owners (voters). Combining road and rail 
modes within a high-speed facility, which was 
suggested in the report, also provides for flexibility 
in traffic assignment, offering both alternative 
modal choices for freight and travel for those 
persons unable to drive or not owning vehicles 
capable of using the facility. 

The corridor project, therefore, meets broad state 
mobility objectives, fits the socio-economic needs as 
recorded by the SDHPT, and is consistent with the 
desire to link key urban areas efficiently and 
effectively. 

Highway Design Characteristics 

The Center researchers considered examination 
of the current highway design guide to be an 
obvious starting point for developing insights into 
design issues and problems. Although it is based on 
conventional vehicle designs, very conservative 
default values, low speed-ranges, and the use of 
facilities by badly equipped vehicles and poorly 
trained drivers, useful directions for technological 
assistance can be derived from the guide. 

The areas of roughness, surface type, geometry, 
and capacity were examined in this way. Rough
ness did not appear to be a significant riding 

5000 

4000 
~ ... 
J:: 
Q; 
c: 3000 ~ 

::2 
Q) 

-2:- 2000 :: 
0 

u::: 
1000 

0 
0 50 100 150 200 

Speed (mph) 

constraint at higher speeds, because the suspension 
system rides the bumps effectively, but this needs 
more examination, particularly in the light of the 
latest Rand D work on interactive suspension 
designs. The initial work in the area of geometry 
suggests that new suspension systems are needed, 
to negotiate curves at very high speeds, and that 
ramp lengths can be reduced if vehicles can acceler
ate at rates of about 0.8 g. Surface types were 
analyzed and a rigid pavement design was found to 
be most cost-effective, even when designed solely 
for auto and light vehicle use. 

In the area of capacity, access to the highway 
element of Texas 2020 will be actively controlled to 
maintain acceptable capacity levels. The highway 
will not be allowed to become congested, through a 
joint program of physically limiting the number of 
vehicles on the facility and charging the users in 
order to restrict demand at peak times. Traffic flow, 
in vehicles per hour, is a function of speed, in miles 
per hour, times density, in vehicles per mile. Speed, 
the driver's perception of reaction time (PIJR), and 
spacing are used to derive density and flow rates at 
different design speeds. Figure 2 gives an indication 
of the impact of speed on predicted flows for 
different values of PIJR. It would seem that around 
90 mph, flow rates converge, irrespective of PIJR 
times, indicating that PIJR is not a critical variable in 
the corridor program. Head ways are found to be 
highly critical, however, and using technology in 
this area to improve flows appears vital. Develop
ment of automotive guidance and safety systems, on 
both the car and the highway, to facilitate both im
proved stopping sight distances and head ways, 
would be a major benefit to future highway users. 

Vehicle Design and Driver Issues 

Cars have become smaller, more efficient, and 
able to cruise at high speeds with low fuel consump
tion. Computers with a power exceeding that of the 
desk top I'Cs of the early 1 Y80's now control many 
engine and vehicle functions. It is the harnessing of 
this computing power to sensory features on the 
auto which appeals to many automotive engineers. 
These sensory systems would pick up highway and 
facilitv control data and either feed them directlv to 
the vehicle control system or to driver displays. 

A review of design features that the automotive 
vehicle in the next century may possess, based on 
current manufacturers' concept models, is shown in 
Table I. The technological needs are rather modest 
and will enable vehicles to traverse a 2020 facility 
safely, quickly, and efficiently. Radar could be 
employed both front and rear to allow decreased 
distances between vehicles, through warnings and 



automatic brake applications, and could have a 
major impact on traffic capacity flows on the Texas 
2020, as detailed earlier. 

The performance of vehicle suspension svstems 
is critical at higher speeds; the systems should be a 
combination of active and passive designs in which 
a standard suspension (one with independent 
unequal length control arms and semi-trailing arms 
in the front and rear respectively) is combined with 
electronically controlled damping shock absorbers. 
Important non-suspension factors of the automobile 
influencing the suspension system are the weight, 
center of gravity, wheelbase, and tire track width of 
the vehicle. The proposed suspension system 
should include body roll and \veight transfer 
controls because these factors can cause the rear 
tires to lockup and thereby adversely affect vehicle 
control. In terms of human workload, alternative 
means of vehicle control will be necessary and could 
be selected from options in which (1) the driver has 
complete control and must act in order for an event 
to occur, (2) the driver selects from or consents to 
the choices offered by the computer, (3) the driver 
takes a passive role but can override the computer, 
and (4) the vehicle is controlled from a centrally 
located station according to the traffic situation, and 
there is no driver intervention. 

As the complexity and rate of information 
processing required of a driver increases, the use of 
a computer will greatly reduce driver stress. Driver 
stress is mainlv caused by the need to continually 
monitor and respond to transient driving situations. 
Computer systems will be able to recognize devel
oping problems and provide the dri\'er with 
advance warning and options for their solutions. 
The inputs for a high-speed facility such as Texas 
2020 are provided from the interactions between the 
driver, vehicle, and guideway. The driver is the 
weakest link when high-speed travel is involved, 
and, therefore, any corridor project employing 
higher than usual design speeds must emphasize 
the technological developments that can assist the 
driver in maintaining safety levels under all 
conditions. 

Preliminary Findings 

Investigations have shown a gap in the planning 
for Texas inter-city travel, a failure to capitalize on 
the potential benefits from "smart" autos and roads, 
and a reliance on the effectiveness of non-highway 
modes which may require public subsidies. In 
addition, current analyses of corridor projects are 
not generally demand oriented and employ data 
that are weak. If full user costs are considered, a 
highway facility becomes a very attractive option. 

Feature 

Steering 

Acceleration 

Description 

• Variable Effort, Power System 
• Smaller, Elliptical Wheel with Primary 

Controls 

• Throttle by Wire. with Electrical Hook-Up 
between Foot Pedal, Engine Management 
System 

Aerodynamics • Gently Tapering. Rounded Trailing Surface 

Body/Frame 

Materials 

Engines 

Tires 

Brakes 

Suspension 

Head lamps 

Brakelights 

• Notchback Rear Design 
• Flush Underbody 

• Graphite Reinforced Plastic Body Panels 

·Graphite-Epoxy Drive Shafts 
·Aluminum Bonded Monocoque 

• High Efficiency, Alternative Fuel Capability, 
Low Emissions and Low We1ght 

• Fiberglass Rims. Radials, Bead Retention 

·Anti-Lock Performance 
·Optimizing Traction through Adaptive 

Systems 

• Combination of Active and Passive 
Systems 

• Body Roll and Weight Transfer Controls 

• Low Profile, Quad Paraboloidal System 

• High Mounted Tungsten Filament Stoplamp 

Current Rand D in automotive design, and in 
systems to improve driver performance and safety, 
will result in modifications to the traditional 
higlnvay design guides. Finally, a 2020 highway 
facility can be managed in stages, in terms of trilvel 
speed. It could open ill speeds not much higher 
than those on current interstate systems and raise 
these speeds in line with technical and operating im
provements. The next stage in the Center's evalu
iltion of a possible Texas high-speed corridor will be 
to consider the implications in terms of highway 
design and costs and to compare life cycle system 
costs with those of other modes. 

Table 1. 
Concept Car Basic Design 
Features 
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Table 1. Highway 
Constructability Topics 
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Highway Project Constructability 
James T. O'Connor, Fred Hugo, 

and William V. Ward 

Introduction 

The Texas State Department of Highways and 
Public Transportation has been concerned with the 
problems that have arisen as highway projects have 
increased in size and complexity, as construction 
schedules have been continually shortened (causing 
many projects to run behind schedule), and as a 
highly experienced older generation of engineers 
has retired. These problems can be mitigated 
through the application of constructability concepts, 
and the Center has been investigating their adapta
tion to highway construction. 

Constructability 

Constructability has been defined by the Con
struction Industry Institute-a consortium of own
ers, contractors, and academia based at The Univer
sity of Texas at Austin, whose purpose is to improve 
the cost-effectiveness of the U.S. construction indus
try-as the optimum use of construction knowledge 
and experience in planning, design, procurement, 
and field operations to achieve overall project objec
tives. The Institute has identified constructability 
concepts applicable in the project phases of concep
tual planning, design, procurement, and field opera
tions. These concepts address project execution 
plans, conceptual project planning, contracting 
strategies, schedules, construction methods includ
ing pre-assembly, site layouts, design configura
tions, specifications, accessibility, ad verse weather, 

• Selection of Materials and Methods 
• Innovative Design/Construction 
• Effective Early Construction Planning 
• Simplified Configurations/Efficient Construction 
• Optimal Risk/Responsibility Allocation 
• Effective Communication of Requirements 
• Facilitating Construction under Traffic 
• Construction-Sensitive Schedules 
• Appropriate Bidding/Contracting Strategies 
• Use of New Technologies 
• Optimal Utilization of Plant and Equipment 
• Facilitating Construction under Adverse Weather 
·Accessibility of Equipment, Materials, and Workers 
• Facilitating Future Expansion and Upgrade 
• Effective Incentive Mechanisms/Contractual Clauses 
• Constructability Program Implementation 

and innovative construction methods (Constructa/Jil
ity: A Primer, Construction Industry Institute, 1986). 

Other salient research findings on constructability 
indicate that a large number of problems relate to ~ 
the communication of design information, that 
much rework results from constructability prob
lems, that constructability reviews are often in real
ity only an artificial pacifier (Guidelines for Imple
menting 11 Constructn/Jility J'rogrlllll, Construction In
dustry Institute, 1987), and that effective constructa
bility programs have the effect of making smaller 
project organizations as productive as larger or
ganizations. 

Application to Highway Projects 

While the bulk of constructability research to date 
has focused on industrial or commercial construc
tion projects, most concepts are also applicable in 
the highway sector. The costs and durations of high
way projects can be reduced when attention is di
rected toward effective constructability. 

CTR Research Objectives 

Center research in this area, for the SDHPT, has 
had the following objectives: to (1) explore con
structability factors that are relevant to highway 
construction and (2) identify needed procedures and 
supportive tools for ensuring cost-effective high
way project constructability. 

As an aid a hierarchy of constructability objectives 
was established: 

Level 0 

Level 1 

Reduce project costs 
Reduce project durations 

Increase unit productivity 
Reduce delays 
Eliminate unnecessary activity 
Reduce job physical stress ~ 
Promote safe construction 

practices 
Reduce conflict 

With the assistance of a steering committee, the 
research team identified some relevant highway 
constructability topics, which are outlined in ~ 



Table 1. The list is long and the topics are broad . 
They have been prioritized for research, and se
lected topica l d evelopments and findings are dis
cussed below. 

In support of the second research objective, atten
tion has also been given to the specific form of re
search products. Four different developments are 
included : 

(1) The Highway Constructability Guide: a 24-
page guide directed to high-level managers for the 
purpose of increasing awareness of both the benefits 
of highway constructability and the methods of im
proving construction. 

(2) The Highway Constructability Objectives File: 
a collection of objective tree diagrams that identify 
constructability problems, stra tegies, tactics, and 
id eas in a hierarchical manner. This is discussed in 
more detail below. 

(3) The Highway Constructability Database: a 
computerized information retrieva l system for de
tai led trea tment of constructability ideas. This ap
proach also offers an efficient structure for continu
ing analyses and further resea rch. Figure 1 illus
trates a proposed structure. 

(4) Focused technical reports: reports that ad
dress such topics as specification improvements and 
design / construction innova tion. 

Research Activities 

Resea rch activities have involved the items noted 
below. 

(1 ) Taxonomy of information elements fo r analysis. 

"Su ~ 
DB Record 

spected" 
(Per Problem) 

@ncept(s) (#) Project Element(s) (#) 

® 
Problem Statement/Concern (Text) 

ldea(s) (Text) 

Solution Statement/Application (Text) 
(+Solution Form, hlplmt. Difficulty) 

Causal Factors (#) Affected Factors (#) 
@cost Project Characteristics 

"Other 
Records' 

Problem Determinants Schedule ..,. __ ·® Quality 
Safety 
Risk . 

Phase of Implementation Source, D-0-B, Life 

® 

Constructability enhancement is an information-rich 
pursuit that requires a highly structured system to 
be effective. Figure 2 illustrates this complex ity. 

(2) Personal interviewing. This data collection 
technique remains the most effective for dea ling 
w ith the complex, multi-organizational, and often 
controversial issues of constructability. 

(3) Hierarchy of Objectives Technique (HOT) dia
gramming. Adapted from value engineering tech
niques, this is a graphical method for hiera rchica lly 

Figure 1. 
Proposed Database Field 
Structure 
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Table 2. 
Specifications Problem 
Information Base 
Analysis: Highway 
Elements & Problem 
Types 

10 

Elements of Highway Construction 

Bridge/ 
Problem Type Earthworks Pavement Drainage Structure Other Subtotal (%) Total 

Communication: 
Interpretability 1 3 

Relevancy: 
1 5 Currentness 

'E 
Cll 

Definiteness 6 'E -
0 
u 

Consistency - 3 

Functionality: 
Gold-Plated 1 6 

-~ Tolerances 3 7 iii 
0 

~ 
ctl Flexibility - -
~ 

Measurement/ 
1 Payment Methods -

Total 
9 31 

(14.3%) (49.2%) 

modelling constructability objectives. Once major 
problems are identified, high-order objectives (con
cepts or strategies) arc followed by lower-order ob
jectives (tactics or ideas). Diagrams may be devel
oped in as much detail as desired, with the end
nodes often serving as a catalyst for innovative 
problem-solving. In this way, objectives may al
ways be viewed in their proper perspective. 

(4) Criticnlil!f/controllahility assessments. The criti
cality of high-~rder objectives and the controllabil
ity of corresponding lower-order objectives are as
sessed to determine needs for further action. Criti
cality relates to potential or frequency of impact or 
benefit. Controllability relates to implementability 
or ease of execution or deployment. Critical yet 
uncontrollable objectives are targeted for further 
analysis. 

Sample of Findings 

Constructability problems related to highway 
specifications come from various sources. From per
sonal interviews, "expert" sessions, and question
naires sent to contractors and SDHPT District per
sonnel, a total of 63 specification-related constructa
bility problems were identified. These problems 
arc cross-classified bv problem type and highway 
element in Table 2. Common types of problems in
clude inconsistent interpretation; unrealistic toler
ances; gold-plated specifications; obsolete methods, 
equipment, or materials; and poorly communicated 
specifications. 
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Conclusions 

The highway profession needs to become more 
aware of the opportunities for including cost-effec
tive constructability practices. Through research, 
constructability problems can be targeted and ac
tions can be taken that will lead to improved project 
engineering and management. The development of 
information systems and decision aids as tools for 
project managers and engineers is a good place to 
start. 
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The 1988-89 research 

program for the Center for 

Tranportation Research 

included the studies listed 

here and discussed 

individually on the 

following pages. 

11 



12 

SDHPT 2/3-8/10-88/0-1107 
The Role of the Arterial Street System in Urban 
Mobility 
William V. Ward, Clyde E. Lee, and Randy B. 
Machcmehl 

SDHPT 3-18-87/9-1111 
Capacity Improvements for Urban Intersections 
Clyde E. Lee and Randy B. Machcmehl 

SDHPT 3-9-87/9-1117 
Guidelines for Proper Use of Superplasticizers and 
the Effect of Retempering Practices on Perform
ance and Durability of Concrete 
Ramon L. Carrasquillo 

SDHPT 2/3-18-87/9-1123 
Non-Destructive Test Procedures for Analyzing 
the Structural Condition of Pavements 
Kenneth H. Stokoe, II, Jose M. Roessct, and W. Ronald 
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SDHPT 3-5-87/9-1127 
Detailing Reinforcement in Concrete Structures 
James 0. Jirsa, john E. Breen, and Michael E. Kreger 
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Randy B. Machcmcl11 and Clyde E. Lee 

SDHPT 3-8/18-89/1-1139 
Interactive Graphics Intersection Design System 
Randy B. Machemehl 
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Improvement 
James T. O'Connor, Fred Hugo, and William V. Ward 
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Impact of Aggregate Gradation and Type on 
Asphalt Concrete Mixture Characteristics and 
Pavement Performance 
Richard f. Holn1grcen, Jr., and Thomas W. Kennedy 
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Infrared Detectors for Counting, Classifying, and 
Weighing Vehicles 
Clttdc E. Lee 

SDHPT 3-9-89/1-1166 
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1\icllllrd f. flolmgrcen, Jr., rwd Tlunnas W. Kennedy 

SDHPT 3-8-88/0-1167 
Develop Smoothness Specifications for Rigid and 
Flexible Pavements 
W. Ronald Hudson 

SDHPT 3-8-88/3-1168 
Development of End-Result Acceptance Specifica
tions for HMAC 
Thomas W. Kennedy and Richard f. Holmgrcen, Jr. 

SDHPT 3-8-88/1-1169 
Concrete Pavement Design Update (AASHTO) 
W. Ronald Hudson and B. Frank McCullough 

SDHPT 2/3-9-88/1-1170 
Improved ACP Mixture Design: Development and 
Verification 
Thomas W. Kennedy 

SDHPT 2/3-18-88/1-1175 
Development of Dynamic Analysis Techniques for 
Falling-Weight Deflectometer Data 
Jose M. Roesset, Kenneth H. Stokoe, II, 
and W. Ronald Hudson 

SDHPT 2/3/10-8-89/0-1177 
Development of Routine Resilient Modulus (MR) 
Testing for Use with the New AASHTO Pavement 
Design Guide 
B. Frank McCullough, Kenneth H. Stokoe, II, 
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Wall Thickness Criteria for Hollow Piers and 
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john E. Breen 
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Step/zen G. Wright 
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l\anw11 L. Carmsquillo, Dauid W. Fml'icr, 
and Ali,in fl. MCl/L'I" 
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to Environmental Cycling 
Richard E. Klingner 
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Influence of De bonding of Strands on Behavior of 
Composite Prestressed Concrete Bridge Girders 
Ned H. Burns 

SDHPT 3-5-89/1-1211 
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fohn E. Breen and Michael E. Kreger 
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Hani S. Mahmassani 
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SDHPT 3-8-86/8-422 
Evaluation of Pavement 
Concrete Using Texas Coarse 
Aggregates 
B. Frank McCullough and 
Ramon L. Carrasquillo 

The primary objective of this 
project is to develop information 
that may be used in designing 
algorithms and specifications to 
differentiate between the differ
ent coarse aggregate types used 
in concrete pavements in Texas. 
This information will be used to 
(1) understand the difference in 
engineering properties of pave
ment concrete using different 
types of coarse aggregates, (2) 
develop guidelines to be fol
lowed when designing a con
crete mix for pavements using 
different types of coarse aggre
gates, (3) evaluate the effect of 
concrete material properties and 
their proportions on the design, 
construction, and performance 
of portland cement concrete 
(PCC) pavements in Texas, and 
(4) perform a number of solu
tions with computer programs 
to provide alternate designs for 
various materials characteriza
tions. 

SDHPT 3-10-88/9-428 
The Effect on Mobility and the 
Cost-Effectiveness of 
Improving a Selected System of 
Arterial Thoroughfares in 
Harris County 
William V. Ward 

It may not be feasible to in
crease the capacity of many seg
ments of the freeway system in 
Harris County, but one plau
sible approach to coping with 
the continual congestion prob
lems is to improve the traffic 
service along other roads and 
streets in order to supplement 
the freeway system. Thus, the 
objectives of this study are to (1) 

estimate (a) the effect on traffic 
mobility and (b) the cost-effec
tiveness of increasing the traffic 
capacity, the scope, and the 
range of selected arterial thor-
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oughfares; (2) recommend cer
tain thoroughfares for improve
ments; (3) recommend the level 
of physical improvements for 
the selected thoroughfares; and 
(4) furnish an estimate of the 
construction costs of recom
mended improvements. 

The study is being conducted 
jointly by representatives from 
Harris County, the City of 
Houston, the Texas SDHPT, the 
Metropolitan Transit Authority, 
and the Center for Transporta
tion Research. The Cen ter is 
supervising the study and per
forming operational and eco
nomic assessments of the thor
oughfares and corridors se
lected for study and will write a 
report outlining the findings of 
the study. The other agencies 
are recommending candidate 
thoroughfares and corridors for 
study, furnishing planning data , 
and advising during the course 
of the study and will review the 
findings of the study. 

SDHPT 3-5-86/9-439 
Strategies for Bridge 
Replacement 
W. Ronald Hudson and Ned H. 
Burns 

In recent years the need for a 
broader overall management 
concept for bridges has become 
increasingly evident. The objec
tive of this study has been to de
velop for the Texas SDHPT a 
practical methodology for pri-

oritizing bridge structure reha
bilitation and replacement for 
both on-system and off-system 
bridges in Texas. The method
ology will be practical yet scien
tifically based and well defined, 
taking user cost and user benefit 
factors into account. 

The study will produce a bet
ter methodology for using avail
able bridge funds, a greater 
number of usable bridges, and 
more efficient, safe, and eco
nomical transportation of 
people and materials in Texas. 
Implementation of the methods 
developed through this study 
will result in a more equitable 
statewide distribution of bridge 
funds. It is expected that the 
tool developed in this study will 
be used by the SDHPT Admini
stration, Bridge Division, and 
District offices, and the informa
tion will be available for use by 
local governments. 

SDHPT 3-9-86/0-441 
Treatment of Asphalt Mixtures 
with Lime and Antistripping 
Agents 
Thomas W. Kennedy 

The objectives of this study 
for the Texas SDHPT are to (1) 

determine the effectiveness of 
hydrated lime, (2) determine the 
effectiveness of selected liquid 
antistripping agents, (3) eva lu
ate the relationships between 
test values for different mixtures 
and antistripping agents, and 

(4) eva luate field performance 
for different mixtures using dif
ferent antis tripping agents and 
relate test values to perform
ance. 

The findings will provide in
formation related to the effec
tiveness of various antistripping 
agents, including hydrated lime, 
the applicability of the proposed 
test methods, the field perform
ance of treated mixtures, and 
the relationship between per
formance and the predicted per
formance based on proposed 
tests. It is anticipated that the 
results will allow the effective 
treatment of asphalt mixtures to 
eliminate or reduce moisture 
damage a t a minimum cost and 
will determine the ability of pro
posed test methods to predict 
field performance related to 
moisture damage. This infor
mation will allow improve
ments in test methods, the es
tablishment of realistic specifica
tion va lues, and the possible 
need for additional tests. 

SDHPT 3-9-85/9-450 
Alkali-Aggregate Reaction in 
Concrete Containing Fly Ash 
Ramon L. Carrasquillo 

Fly ash is a relatively inexpen
sive and readily avai lable mate
rial that can partially replace 
portland cement in concrete. Its 
use in concrete in the United 
States has increased tremen
dously in the last five years, but 
knowledge of its effect on the 
durability and long-term per
formance of concrete is danger
ously deficient, and there are no 
guidelines for engineers to use 
in deciding which fly ash to use 
in combination with available 
cements and aggregates to en
sure adequa te performance of 
the concrete in service. As a 
result, there is a question about 
the adequacy of current alka li 
content specifications to prevent 
alkali-aggregate related damage 
in concrete. 



The main objective of this 
study for the Texas SDHPT is to 
develop a relationship between 
relevant components of the fly 
ash, portland cement, and con
crete aggregates as these affect 
and can control alkali-aggregate 
reaction in concrete. It is only 
through the understanding of 
the fundamental mechanism 
governing the interaction 
among the alkali in the cement 
and flv ash and the aggregate 
used in concrete that adequate 
guidelines for proper, economi
cal, and efficient use of fly ash in 
concrete can be developed. 

SDHPT 3-8-86/0-460 
Assessment of Load Transfer 
Across Joints and Cracks in 
Rigid Pavements Using the 
Falling Weight Deflectometer 
Aluin H. Meyer and W. Ronald 
Hudson 

The Texas SDHPT is develop
ing techniques for analysis of 
pavement moduli using data 
from the Falling Weight Deflec
tometer (FWD). The equipment 
can be used to provide data on 
the condition of concrete pave
ments, concrete pavements with 
asphalt concrete overlays, and 
pavements with stabilized 
bases. When techniques for 
interpretation of the data are 
generated, they can be applied 
to evaluating load transfer 
across joints and cracks to deter
mine whether treatment is 
needed before rehabilitation 
decisions are made. 

The objectives of this study 
are to (1) field test the proce
dures for evaluating transverse 
joint efficiency using the FWD 
developed as part of a previous 
CTR project, (2) develop a 
method using the FWD to 
evaluate cracks in a rigid pave
ment for load, shear, and mo
ment transfer, and (3) develop a 
method using the FWD to 
evaluate longitudinal joints, par
ticularly rigid shoulder joints. 

The results of this study will 
be immediately implementable 
in the form of manuals describ
ing the procedures for using the 
FWD to evaluate joints and 
cracks. Manv SDHPT Districts 
and the State as a whole will 
realize significant benefits in 
terms of more efficient utiliza
tion of funds for maintenance 
and rehabilitation of rigid pave
Inents. 

SDHPT 3-8-86/9-472 
Rigid Pavement Data Base 
B. Frank McCullough and 
W. Ronald Hudson 

The rigid pavement data base 
consists of a data bank and a 
data feedback system based on 
periodic observations that are 
necessary to continue improve
ment and implementation of the 
Pavement Management System. 
Monitoring of special-study 
pavement sections has provided 
a tremendous amount of useful 
information that has signifi
cantly contributed to the devel
opment of rigid pavement reha
bilitation design systems, as 
well as criteria for prioritization 
and scheduling of overlays on 
rigid pavements at the network 
level. 

It is essential that the condi
tion survey and performance 
monitoring of portland cement 
concrete pavement sections in 
Texas be continued in order to 
permit proper planning of reha
bilitation and maintenance and 
optimum expenditure of avail
able funds. In addition, actual 
performance of rigid pavements 
and overlays can be compared 
against the predicted perform
ance, and pertinent recommen
dations can be made to revise 
the design procedure. Improve
ments in overlay design proce
dures can also result from this 
feedback process. 

The objectives of the study are 
(1) to establish the needs of con
dition survey data, (2) to de
\'elop a factorial to select pave-

ment sections for condition sur
veys, (3) to conduct condition 
survevs on selected pavement 
sections, (4) to establish meth
ods of measurement, (5) to in
vestigate the possibilities of de
veloping a data base manage
ment system, and (o) to develop 
design manuals for ACP over
lays on concrete pavements. 

SDHPT 3-5/9-87/9-481 
Durability and Performance of 
Concrete Containing Fly Ash 
Including Its Use in Hot 
Weather Concreting and 
Prestressed Concrete Girders 
Ramon L. Carrasquillo 

This study for the Texas 
SDHPT deals with the perform
ance and long-term durability of 
concrete containing fly ash, a 
by-product of the production of 
electricity in coal-burning 
power plants. Although fly ash 
is not produced for use in con
crete, it has been shown that, 
when properly selected and pro
portioned, it can be used to pro
duce concrete meeting current 
SDHPT specifications. It is now 
being used in several state proj
ects and is being considered for 
many others. However, the per
formance of concrete containing 
fly ash must be monitored in the 
field in order to provide the in
formation necessary to ensure 
adequate life of the concrete. 
There is an urgent need to deter
mine whether or not concrete 
containing fly ash produced 
under current SDHPT guide
lines has adequate performance 
and durability; i.e., freeze-thaw 
resistance, abrasion resistance, 
and sulfate resistance. The in
formation generated by this 
studv will provide the guide
lines needed for proper control 
and efficient use of fly ash in 
producing good quality and 
durable concrete. 

SDHPT 3-9-86/1-490 
Strategic Research Plan for 
Achieving Adequate Pavement 
Friction 
All'in H. Meyer and Dm'id W. 
Fmi'lcr 

The problem of wet-weather 
highway accidents in general 
and skid resistance in particular 
has long been of concern to 
highway engineers. There are 
many variables which affect 
driving safety, some of which 
are beyond the control of the 
engineer. It is essential that 
these variables and their interre
lationships be understood as 
thoroughly as possible. This 
research is directed toward a 
comprehensive long-range pro
gram to determine causes and 
identify solutions. 

The overall objective of this 
research for the Texas SDHPT is 
to develop design criteria which 
will develop and maintain ade
quate pavement friction. The 
specific objectives are to (1) de
velop a comprehensive, long
range strategic research plan 
which addresses all aspects of 
pavement friction and (2) inves
tigate the relationship between 
polish value and pavement fric
tion. 

The benefits of this initial 
study will be a rational research 
plan to investigate the problems 
associated with wet-weather 
accidents and, specifically, to 
develop improved guidelines 
for establishing aggregate polish 
values to be used for flexible 
pa\·ements. The ultimate benefit 
will be increased safetv to the 
users of Texas highwavs. 

SDHPT 3-9-87/1-492 
Mix Design Procedures and 
Considerations for Polymer 
Modified Asphalt 
Compatibility and Stability 
Tlzmnas W. Kcnncd!flllld 
1\ic/zard f. flol111grccn. Jr. 

The primarv objectives of this 
study for the Texas SDHPT are 
to ( 1) define the propertie~> de-
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sired in a polymer modified 
binder, (2) select or develop 
tests which will best measure 
and quantify these properties in 
materials for seal coats and hot 
mixed asphaltic concrete, (3) 
develop proper design proce
dures for seal coats and hot 
mixed asphaltic concrete using 
polymer modified binders, and 
(4) prepare specifications for 
modified binders for each appli
cation. 

The findings of this study will 
provide valuable information on 
the properties of polymer modi
fied binders, a proposed mix
ture design procedure, and pro
posed specifications. The field 
sections will provide insight to 
asphalt and polymer storage 
and construction problems. It is 
also anticipated that the impli
cations of special handling on 
the construction process will be 
determined. The field sections 
will also provide performance 
data on inservice pavements. 

SDHPT 3-10-88/9-556 
Prestressed Concrete Pavement 
(PCP) Overlay, 1-35 McLennan 
County 
B. Frank McCullough and Ncd H. 
Bums 

This project continues the con
dition survey and performance 
monitoring of the prestressed 
slab overlay in Waco for the 
Texas SDHPT. The performance 
monitoring will produce more 
information on the behavior and 
service life of the prestressed 
slab pavements, and it will be 
possible to develop a program 
for the maintenance of this type 
of overlay from the data collec
tion/ feedback process. The 
more accurate models that result 
will include refined design pro
cedures for determining joint 
spacing, pavement thickness, 
and the post-tension level for a 
specific set of conditions, con
sidering a wide range of input 
variables. 
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In the short term the aims of 
this project are to monitor per
formance of the prestressed con
crete pavement overlay and cali
brate prediction models of it. 
The long-term aims are to maxi
mize the benefits of the invest
ment already made in the proj
ect (construction and design) 
and utilize the results obtained 
for the future development of 
behavior and design concepts. 

SDHPT 3-12D-85/0-920 
Evaluation of Thin Bonded 
Concrete Overlay on IH-610 in 
Houston 
B. Frank McCullough and 
Dauid W. Fowla 

The primary objective of this 
study is to evaluate the perform
ance of the thin bonded port
land cement concrete overlay on 
about 3-1/2 miles of IH 610 in 
Houston and implement the 
findings in other active studies 
on thin bonded concrete over
lays. The sub-objectives are to 
(1) identify several sections to 
represent the variations in pres
ent condition, materials used for 
the overlay, and construction 
procedures; (2) observe and rec
ord actual construction tech
niques and materials used; (3) 

make observations and/or 
measure behavior parameters 
immediately after opening the 
overlaid section to traffic and 
periodically every six months 
thereafter; (4) do statistical 
analysis to evaluate the relative 
merits of the alternatives actu
ally used in this overlay project; 
(5) give recommendations on 
construction procedures and 
techniques; and (6) compare the 
results of this study with the 
recommended design tech
niques developed in Project 357, 
"Thin Bonded Concrete Over-

SDHPT 3-8-89/9-922 
Implementation of a Highway 
Pre-Construction Project 
Management System 
Jamcs T. O'Connor and Fmi Hugo 

This is a continuation of work 
started under lAC (88-89) 0052. 
Its purpose is to assist the 
SDHI'T Administration and Dis
trict offices in improving the 
management and efficiency of 
planning operation, specifically, 
providing continued testing, 
evaluation, and adaptation of 
commercially available software 
and providing written and per
sonal assistance to the Depart
ment. 

SDHPT 3-llD-89/9-931 
Preparation of the Work Plan 
to Develop a Long-Range 
Rehabilitation Plan for U.S. 59 
in District 11 
B. Frank McCullough and 
Dauid W. Fmdcr 

This project addresses the 
need to improve pavement per
formance along U.S. 59 within 
District 11. Improving perform
ance is defined as providing and 
maintaining a minimum satis
factory pavement riding quality 
at the least annual cost, which 
includes the SDHPT construc
tion, operational, and mainte
nance costs as well as the high
way user's time, operational, 
and safety costs during con
struction and maintenance op
erations. The results of this 
work should lead to a long
range plan for the rehabilitation 
of U.S. 59 in District 11 that will 
not only save money there but 
may also serve as thP pattern for 
similar rehabilitation programs 
for jointed rigid pavement 
throughout the State. 

SDHPT 3-15D-87-932 
Monitoring the Performance of 
a Bebo Arch Culvert 
Richard W. Furlong 

The structurzll performance of 
the reinforced concrete segmen
tal arch culvert beneath High-

way 1604 in northeast Bexar 
Countv will be monitored from 
the time of its construction until 
1992. Observations and inter
pretations of measurements of 
performance will be reported at 
regular intervals during the 
monitoring period. Any excep
tional or alarming performance 
observed will be reported im
mediately after observation. 
Three of the arch slab units will 
be monitored for the five-year 
period. 

SDHPT 2/3-18-88/9-957 
Highway User Operational 
Information 
C. Michael Walton, William V. 
Ward, and Mark A. Euritt 

Unsolicited public response 
has indicated that highway us
ers are sometimes dissatisfied 
with the operational informa
ticm furnished by the signing 
and delineation system cur
rently used on urban freeways. 
The Texas SDHPT wants to de
termine whether or not the sys
tem is effective in conveying the 
information needed by highway 
users, and the principal objec
tive of this study is to assess the 
effectiveness of such informa
tion in the larger urban areas 
and, also, how such information 
is affected by Department prac
tices in furnishing and main
taining the devices and facilities 
needed to supply relevant infor
mation accurately, clearly, and 
in a timely way, as perceived by 
the highway user. A special 
case in this study will be the 
assessment of the adequacy of 
the signing that guides highway 
users to commercial airports 
furnishing scheduled passenger 
service. If changes in Depart
ment practices are found to be 
desirable and practicable, the 
result should be improvements 
in user comfort and safety and 
increased operational efficiency 
of the highway system. 
(This is a joint project with the 
Texas Transportation Institute) 



SDHPT 3-24D-89/9-959 
Bonding Evaluation of 
Overlaid Bridges on IH-10 
David W. Fowler and Ramon L. 
Ca rmsquillo 

The purpose of this project 
was to assist District 24 in plan
ning and performing an evalu
ation test on the bonded overlay 
on six IH-10 bridge decks to 
help determine the bonding 
strength of the overlay. 

SDHPT 3-14D-88-960 
District 14 Pavement 
Intersection Instability Study 
Richard]. Holmgreen, Jr ., and 
Thomas W. Kennedy 

Many of the asphalt pave
ment intersections in Texas 
SDHPT Dis trict 14, like those in 
many other Districts, have 
moved and shoved , making the 
pavements rough and, in some 
cases, unsa fe. The cause of this 
problem is the inability of the 
asphalt material to resist move
ment when vehicles are stop
ping and accelera ting. To ad
dress the problem, District 14 
requested a study to eva luate 
different solutions. The objec
tives are to (1) evaluate materi
als which improve material 
properties aimed at relieving or 
eliminating plastic deformation 
at intersections and (2) deter
mine the economic impact on 
the use of materials for the 
single purpose of increasing 
pavement stabi lity a t intersec
tions. A method or methods to 
reduce or eliminate plastic de
formation a t intersections in 
District 14 will impact the entire 
s ta te. The methods can be used 
or modified for use in other ar
eas of the sta te, and mainte
nance costs can be saved 
through fewer repairs. The 
safety of the intersection w ill be 
increased with less rutting and a 
smoother ride. Other applica
tions, such as high traffic vol
ume and/or heavy load high
ways, can also result from infor
mation gained in this study. 

SDHPT 3-10-89/9-964 
Standardized Procedures for 
Route Feasibility Studies 
B. Frank McCullough 

The purpose of this work was 
to provide professional staff to 
research and complete revision 
to route feasibility studies cur
rently underway, which in
cluded the Texline-Galveston, 
Wichita Falls- Brownsville, and 
Kingsville-Padre Island routes. 
Existing and past procedures 
used in the development of 
route feasibility studies were re
viewed and standardized proce
dures for systematic analysis 
and uniform presentation of all 
future route feasibility studies 
were recommended. The analy
sis procedures will be periodi
cally compared with the evolv
ing methodology being used to 
develop the Texas sta tewide 
highway system plan. Potential 
confl icting analysis cri teria will 
be documented. 

SDHPT 3-10-87/9-969 
Evaluation of FHW A 
Requirements for the 
Collection of Pavement 
Roughness Data 
B. Frank McCullough 

The Federal Highway Ad
ministration has added the col
lection of pavement roughness 
data to the Highway Pavement 
Maintenance System data collec
tion requirements in a ll s tates. 
While several devices have been 

cited as being acceptable for the 
collection of roughness data, no 
specifications have been pro
vided or are currently available 
from FHW A. The Texas SDHPT 
has been actively involved in 
the collection of pavement 
roughness data since the 1960's 
and is very concerned that 
FHWA pavement roughness 
data collection requirements be 
thoroughly reviewed . Specifi
cally, the SDHPT is concerned 
that the established calibration 
procedures are sound and that 
the proposed roughness sta tistic 
has the sensi tivity needed to 
provide meaningful data. 

The proposed resea rch ad
dresses an eva luation of (1) the 
procedures developed by the 
FHWA, in Appendix J of the 
HPMS manual, to determine 
their validity and adequacy, (2) 
the Face Dipstick, which has 
been identified by the FHW A as 
a substitute device for the rod 
and level in the ca libration of 
roughness equipment, and (3) 
the ability of the FHWA IRl to 
serve as a roughness statistic for 
the SHRP L TPP. 

The possible benefits are both 
considerable and va ried . Rod 
and level services are expensive, 
and the Dipstick could be sub
stituted for many sma ll con
tracts and could be used to de
velop profiles for ca librating 
roughness ins trumen ts in Dis
tricts not loca ted close to GM 

Profilometer sections and for 
specific problem a reas, such as 
bridge-road transition areas. A 
greater understanding of IRI is 
vital, given the federal desire to 
adopt it in the near future, and 
the insights gained should be 
valuable in planning more de
tailed work covering the full 
range of related issues, from 
actual road profiles to ride sta
tistics, such as SI and PSI. 

SDHPT 2/3-1-88/9-974 
Comparison of Cost 
Responsibility Studies 
C. Michael Walton and Mark A. 
Eu ritt 

Work on this project includes 
(1) examining the feasibility of 
updating results past 1985; (2) 
examining experience in Texas 
and other sta tes to determine 
the impact of highwa y cost allo
ca tion (HCA) studies on 
changes in vehicle size and 
weight laws, and revenue struc
tures; rela tionships between 
changes in vehicle size and 
weight laws and revenue distri
butions; and pavement life 
cycle; (3) preparing alternative 
analysis for Texas HCA stud y 
utilizing traditional analytical 
approaches; (4) performing al
ternative analyses using Texas 
data; and (5) performing com
parisons. 
(This is a joint project with the 
Texas Transportation Institute) 

SDHPT 3-10-89/9-978 
The Texas Mobility Arterial 
System 
C. Michael Walton , Hani 5. 
Mah111assani, and Willianl V. Ward 

This resea rch is designed to 
assist the Texas SDHPT in iden
tifying a sta te-wide network of 
corrid ors for proposed arteri als 
that wi ll provide improved mo
bility and support future eco
nomic development through 
efficient transportation. This 
s tud y is one element of a 
broader undertaking by SDHPT, 
with support fro m the Cen ter 
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and the Texas Transportation 
Institute, to develop the Texas 
Mobility Arterial System. The 
principal focus of this stud y is 
an analysis of the existing high
way network and the degree of 
connectedness and directness of 
service that it offers to cities in 
different size ca tegories. 

SDHPT 3-11D-89/1-987 
A Long-Range Plan for the 
Rehabilitation of U.S. 59 in 
District 11 
David W. Fowler and B. Frank 
McCullough 

This project addresses the 
need to improve pavement per
formance service along U.S. 59 
in District 11 , by providing and 
maintaining a minimum satis
fac tory pavement riding quality 
a t the least annual cost. Cost 
includes the SDHPT construc
tion, opera tional, and mainte
nance costs, as well as the high
way user's time and operational 
and safety costs during con
struction and maintenance op
era tions. This project will lead 
to a long-range plan for the re
habilitation of U.S. 59 that will 
not only save money in District 
11 but ma y also serve as the pat
tern for similar rehabilita tion 
programs in other districts. 

SDHPT 2/3-8/10-88/0-1107 
The Role of the Arterial Street 
System in Urban Mobility 
William V. Ward, Clyde E. Lee, 
and Randy B. Machemehl 

Attention is being focused on 
the role that arterial streets 
should play in enhancing urban 
mobility. In many urban areas, 
traffi c demand on the Sta te's 
freeway and highway system 
has reached or exceeded the ca
pacity of these facilities, and it is 
evident that many segments 
cannot rea listica lly be expected 
to be improved in capacity be
cause of right-of-way con
stra ints and other reasons. It is 
postulated that increasing the 
capacity and scope of a regional 
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arterial street system would 
provide alternate travel routes 
for traffic ordinarily expected to 
be accommodated on the high
way system and that such im
provements might be as, or 
more, cost-effective than im
provements to the existing high
way system. 

The principal objectives of 
this stud y for the Texas SDHPT 
are to determine (1 ) the effect of 
arterial route loca tion, segment 
leng th, and capacity improve
ments on traffic demand along 
both the arterials and the high
way system, (2) the cost-effec
tiveness of arterial improve
ments, considering also traffic 
opera tions enhancements to the 
existing highway system, (3) 
design standards that may be 
appropria te for arterial streets, 
(4) the relation of continuity and 
length of arterial streets to trip 
lengths, (5) the Sta te's role in 
planning, funding, constructing, 
operating, and maintaining arte
rial streets, (6) the appropria te 
tools, data needs, and planning 
methods needed to address 
these issues, and (7) the signifi
cance of arterial street systems 
and the effect on urban mobil
ity, including public transporta
tion . 

The primary benefit from this 
stud y would be to provide the 
means by w hich the SDHPT 
could acquire insight into the 
question of w hether or not to 

adopt a new program of imple
menting ar terial street construc
tion or perhaps modify or ex
pand some other progra m. The 
resu lts of this stud y should pro
vide the SDHPT WITH some 
immediate guidance as to the 
cost-effectiveness of the arterial 
street a !tern a ti ve. 
(This is a joint project with the 
Texas Transportation Institute) 

SDHPT 3-18-87/9-1111 
Capacity Improvements for 
Urban Intersections 
Clyde E. Lee and Randy B. 
Machemehl 

Appropriateness and effi
ciency of intersection geometry 
are of growing importance to all 
traffic engineering agencies 
within the sta te. User costs, 
such as delay and fuel con
sumption, as well as auto emis
sions, are directly related to the 
effi ciency of traffic opera tions. 
The objecti ves of this study for 
the Texas SDHPT are to (1) de
velop guidelines for implemen
ta tion of multiple-left-turn-lane 
geometry, (2) produce criteria 
for determining the lengths of 
auxiliary lanes adjacent to a t
grade intersections, and (3) de
velop an implementa tion pack
age containing all guidelines 
and criteria in the form of a 
printed user's manual, as well 
as text and ana lysis rou tines for 
IBM PC compatibl e microcom
puters. Results of the investiga-

tion can be put into immediate 
use by SDH PT personnel who 
are responsible for intersection 
design and modification. The 
left-turn lane and auxiliary lane 
guidelines may be uti lized by 
both Division and District per
sonnel as well as by traffic engi
neers in Texas ci ties, counties, 
and councils of government and 
others. Although the guidelines 
will not be a substi tute for 
sound engineering analyses and 
judgement, they w ill be a va lu
able basis for consistent eva lu
ation of the need for special 
handling of turning movements 
a t signalized intersections. 

SDHPT 3-9-87/9-1117 
Guidelines for Proper Use of 
Superplasticizers and the 
Effect of Retempering Practices 
on Performance and Durability 
of Concrete 
Ramon L. Carrasquillo 

The overall objectives of this 
project for the Texas SDHPT are 
to (1) develop guidelines for the 
proper use of superplasticizers 
in achieving good quality and 
durable concrete in the field, (2) 
investiga te experimentally the 
effect of su perplasticizers on the 
durability of concrete, (3) eva lu
ate the effect of "holding" part 
of the mixing water for later ad
dition on the strength, freeze
thaw resistance, and abrasion 
resistance of concrete, (4) study 
the possibility of using admix
tures to retemper the concrete 
without affecting the strength 
and durability characteristics of 
the concrete, and (5) conduct 
pilot fi eld studies and work 
with field highway personnel to 
verify the research findings and 
to accelera te the transfer and 
implementation of the research 
results. 

The research findings will be 
used in revising standards, 
specifications, and current con
crete practice for proper use and 
addition of superplas ticizers to 
concrete and for the hold ing of 



mixing water during mixing 
and placing. The results of thio. 
research should be better con
crete and fewer construction 
delays. 

SDHPT 2/3-18-87/9-1123 
Non-Destructive Test 
Procedures for Analyzing the 
Structural Condition of 
Pavements 
Kenneth H. Stokoe, II, jLN' M. 
Rocssct. and W. Ronald lludson 

The non-destructive testing 
techniques adopted during the 
course of this study for the 
Texas SDHPT can be used to 

evaluate the roadway strengths 
of Texas highways and to detect 
voids underneath the pa\·ement 
surface layers and changes in 
the pavement cross-section. 

Specific results of this study 

include (1) developing daily and 
seasonal correction factors 
based on climatic zone and 
pavement type; (2) verifying the 
modulus values back-calculated 
from field NOT data with those 

measured on samples tested in 
the laboratory under similar 
loading environmental condi
tions; (3) pro\·iding the Depart
ment with a series of instru
mented test sections to c\·aluate 
the effect of higher tire pres
sures, higher wheel loads, etc., 
on Texas pavements; (4) provid
ing ,1 correlation between the 
Dynaflcct, Falling Weight Dc
flcctomctl'r, and SASW method; 
and ('i) reducing costs bv re

placing slow, expensive labora
torv testing with rapid !\:DT. 
(This is ,1 joint project with the 
Texas Transport,1tion Institute) 

SDHPT 3-5-87/9-1127 
Detailing Reinforcement in 
Concrete Structures 
ja111cs O.fir.stJ, john£:. llrccn.and 
/v1it'illld r. 1\.rcga 

The objectives ot this studv 
arc to ( 1) dl'tcrmine the state of 

tlw art in structur,1l concrl'll' 

deL1iling as rdkckd bv rc
~carch conductl'd and reported 

in Europe; (2) assess the state of 
the art in structural concrete 
detailing utilized by the SDHPT 
with regard to typical details, 
construction procedures, and 
materials; (3) specifically inves
tigate cxpcrimentallv the appli
cability of current AASHTO 
provisions for shear in the nega
tive moment /ones of preten
sioned and post-tensioned com
posite beams, and, if the current 
specifications arc not applicable, 

dc\·clop appropriate specifica
tions and detailing guidelines 
considering composite behavior 
and the proper depth of section 
for shear calculations; (4) test 
selected structural concrete de
tails experimentally where pre
vious research is inadequate or 
where SDHPT details differ sub
stantiallv from those used else
where; (5) usc the experimental 
results to refine the truss model, 

especially in terms of nodal 
zones, material characteristics, 
and membt•r continuity; and (6) 

develop a detailing guide which 
provides simple models for de
signing complex details in struc
tural concrete. 

The guide should lead to 
more consistent, constructible, 
economical, ,1nd reliable details 

and provide support to the 
structural designer in an area 
where current codes and design 
specifications, including 
AASHTO, prm·idc little infor
mation. 

S D HPT 3-8-88/9-1138 
Medians with Continuous and 
Intermittent Permitted Left
Turn Movements 
Raudy R. Maciiclllclzl and Cl1;dc F. 
tee 

The b,1sic objcctin• of the 
studv fur the Tex,1s SD!!PT is 

the development of a set of 
practic ,1!, \ \Tll-d ocu mt'n ll'd 
guidelines for the design of 
highw,w n1t•di,1ns whl'rl' inter

mittent ll'ft turns arc permitted. 
The objecti vcs Ml' to (!) de\·elop 
a svntlwsis of currl'nt pr,1ctices 

regarding the use of continuous 
left-turn median lanes on facili
ties with both three and five 
lanes (some consideration is also 
being given to seven-lane facili
ties), (2) quantify the opera
tional effects of the variety of 
median designs for urban and 
suburban areas where intermit

tent median openings arc ap
propriate, and (3) develop crite
ria for choosing between di
vided sections and continuous 

left-turn lanes considering op
erational effects, pedestrian re
quirements, and delineation re
quirements. 

SDHPT 3-8/18-89/1-1139 
Interactive Graphics 
Intersection Design System 
Randy R. Madlcmehl 

The overall objective of the re
search effort is the development 
of an Interactive Graphics Inter
section Design System (IGIDS) 
which will aid engineers in the 
design and modification of at

grade intersections. AvailabilitY 
of an IGIDS will help insure ap
propriateness and efficiency of 
intersection designs and im

provement programs. Such a 
system will help reduce the 
quantity of engineering and 
technician effort required for 

developing and maintaining 
silfe, cost-effectivl' intersection 
fe,1tures. Results of the pro
posed research can be put into 
immediate usc bv Texils SOl IPT 
personnel who perform inter
section design and improve
ment tasb. The lCIDS c,m be 

utilized bv both Division and 
District personm·l of thl' Depart
ment as well as bv traffic engi
neers in Texas cities ,1nd coun
til's and othl'rs. Thl' !G!DS will 
not be a substitute for sound cn
ginl'l'ring ,1n,1lvsis ,1nd judg
ment, but it \\·ill pru\·idc engi
neers with ,1 tlw m·ce~~M\' tLlOls 
for ~x·rforming much mun· nnn
pll'll' ,m,lh·sl'S ,1nd thcrcbv pw
\'idL' ,1 much better b,1sis tor 

making dL·cisions. 

SDHPT 3-6-88/0-1149 
Investigation of Highway 
Project Constructability 
Improvement 

ftmles T. O'Connor, Fred ffugo. 
aud Wil/ia111 V. Ward 

Constructabilitv Improve
ment (CI) is the optimum usc of 
construction knowledge and 
experience in planning, design
ing, procuring for, and conduct
ing field opere1tions to achieve 
the overall project objectives, 
i.e., it is determining the best 
wav to achieve overall project 
objectives. CI also results in a 
reduction of the cost of a project. 

The objectives of the studv for 
the Texas SDHPT ilre to explore 
constructabilitv factors that arc 
relevant to highwav construc
tion and to idcntifv needed pro
cedures and supporti\·e tools for 
ensuring cost-cffccti\·c highway 
project constructability. The 
information generated by this 
studv would include(!) a High

way Constructabilitv Conct>pts 
file, which will describe mean
ingful constructabilitv concepts 
and their relationships to the 
planning and design of high
wavs and list specific applica
tions of each, and (2) a report 
describing principles for effec

tive implementation of construc
tabilitv concepts. 

SDHPT 3-9-88/0-1158 
Impact of Aggregate Gradation 
and Type on Asphalt Concrete 
Mixture Characteristics and 
Pavement Performance 
Richnrd f. f!ollllgrt'L'Il./r .. nnd 
TilOIIlil,; \\'. 1\.cnncdl! 

For manv \ear~ probk·m~ that 
ha\'C l':>.iskd in ,bph,llt cuncrl'll', 
~uch as tl•nderness and ~t,1bilitv 
prubkms, ha\'L' been ,1ttribukd 
tu tlw ,1~phalt ccml'nt. Tlw IL'm
pcrcllurc ~lbCL-ptibilit\· ut ,111 ,Js
ph,llt ma\· h,l\'l' an impact un 

thL'SL' problL'm~. but pn'\ iLlUS 
studies h,1\'L' shm1·n th,1t in 

n1t1ny Ct1Scs (1ggregatc gradation 
L'haradcristics \\'l'I'L' the major 
factur producing thL' problem. 
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The overall goals of this study 
for the Texas SDHPT are to de
termine the importance of ag
gregate characteristics on the 
behavior of asphalt mixtures 
and pavement performance and 
to recommend specifications. 
These are the primary objec
tives: (1) evaluate current gra
dations being used in Texas; (2) 
evaluate mixture properties as 
affected by aggregate gradation 
with respect to humps in the 
gradation curve, filler content, 
and voids in the mineral aggre
gate (VMA); (3) evaluate the 
economics involved in improv
ing gradation specifications; and 
(4) develop a recommended ag
gregate gradation specification 
based on the findings of the 
study. 

The findings of this study will 
reveal the effect of current ag
gregate gradation specifications 
on asphalt concrete mixture 
properties and pavement per
formance. Information from 
this study will identify aggre
gate gradation problems which 
may be currently acceptable 
with respect to present knowl
edge and Texas specifications. 
Using an improved gradation 
specification with consideration 
to asphalt cement tenderness 
and asphalt sensitivity of the 
mixture, these problems can be 
significantly reduced. Im
proved durability and stability 
should also result from this 
study. 

SDHPT 3-10-88/9-1162 
Infrared Detectors for 
Counting, Classifying, and 
Weighing Vehicles 
Clyde E. Lee 

Counting, classifying, and 
weighing vehicles are three ba
sic functions that are essential to 
the Texas SDHPT in meeting the 
continuous statewide need for 
readily available information 
concerning the current and fu
ture traffic loading of highways. 
Each of these processes requires 

20 

detection of the passage of a 
vehicle over a point on the road
way with respect to time, and 
devices currently used all have 
certain inherent physical charac
teristics which limit their effec
tiveness and durability. Recent 
advances in technology have 
made sensitive, rugged reflex 
type infrared sensors and asso
ciated electronic instrumenta
tion, in the form of microcom
puters, commercially available 
at reasonable cost. The ability to 
sense the passage of either a ve
hicle or a wheel in a traffic lane 
under day and night conditions 
with a reflex type infrared de
tector offers some very signifi
cant possibilities. 

The basic objective of this 
study for the Texas SDHPT has 
been to determine the feasibility 
of developing a data-collection 
instrument for counting, classi
fying, and weighing moving 
highway vehicles using com
mercially available hardware 
components, including reflex 
type infrared sensors and a mi
crocomputer. 

Considerable efficiencies and 
economies in making routine, as 
well as special, traffic surveys 
can be realized. Automatic ve
hicle classification can be used 
in lieu of manual observation, 
and adequate estimates of ve
hicle weight made by the sys
tem could supplement more so
phisticated weigh-in-motion in
strument systems that are cur
rently in use. Since the detec
tors are non-contact, only mini
mum routine maintenance 
should be required. The equip
ment can be installed at the 
roadside, or in some cases 
mounted overhead, with little or 
no interference to traffic. 

SDHPT 3-9-89/1-1166 
Development of Rapid Quality 
Control Methods and 
Procedures for HMAC 
Richard J. Holmgrccn, Jr., and 
Thomas W. Kenncdtt 

Current quality control of 
HMAC construction consists of 
an aggregate gradation, asphalt 
content determination, and a 
Hveem stability test, which is 
the only mixture test performed 
and is conducted in Austin. De
lay between sampling and the 
reporting of the results makes 
actual control at the job ex
tremely difficult at best, and a 
method for reliably predicting 
material properties considered 
to be indicative of quality and 
performance in a timely manner 
is needed. 

The primary objectives of this 
study are to (1) evaluate existing 
quality control techniques and 
systems for HMAC currently 
being performed by the Depart
ment and other agencies, (2) de
velop quality control tests and I 
or testing systems for HMAC to 
make the appropriate informa
tion available in a more timely 
manner, and (3) correlate the 
results of proposed quality con
trol tests with current Texas 
SDHPT procedures. lf the test 
results can be used to identify 
materials that should not be 
used, unacceptable materials 
can be kept to a minimum, 
which should reduce the cost to 
both the contractor and the De
partment. 

SDHPT 3-8-88/0-1167 
Develop Smoothness 
Specifications for Rigid and 
Flexible Pavements 
W. Ronald Hudson 

Development and implemen
tation of an improved specifica
tion based on a suitable rough
ness measuring device, respon
sive to objective components of 
roughness of the pavement as 
well as to subjective compo
nents which are commonly re-

ferred to as "ride," are needed 
for the state of Texas. The 
roughness device should be ro
bust, portable, easy to assemble 
and operate, and economical to 
own and use. 

The basic objective of this 
study for the Texas SDHPT is to 
select a smoothness device and 
develop an improved smooth
ness specification that can be 
used in testing and acceptance 
of newly constructed or overlaid 
flexible and rigid pavements. 
Experience of other states using 
construction smoothness specifi
cations based on roughness 
measurements, and the impact 
of possible departure from the 
1985 AASHTO smoothness 
specifications based on the Cali
fornia profilograph, will be ex
amined. 

Improved smoothness accep
tance specifications will improve 
the riding quality and thus the 
pavement life of Texas highways 
and may reduce the need for 
early rehabilitation or recon
struction. The study will benefit 
the state by providing greater 
return on pavement invest
ments. Implementation of the 
improved specifications will 
lead to increased safety and rid
ing comfort on Texas highways, 
and users of the highway system 
will also benefit from reduced 
vehicle operating and mainte
nance costs. 

SDHPT 3-8-88/3-1168 
Development of End-Result 
Acceptance Specifications for 
HMAC 
Thomas W. Kennedy and Richard J. 
Holmgrccn, Jr. 

Texas is gradually moving to 
end-result specifications. Such 
specifications must be based on 
statistical concepts and incorpo
rate penalties and incentives 
consistent with expected per
formance. An end-result specifi
cation would ease Texas SDHPT 
personnel requirements by shift
ing the responsibility for quality 



control testing to the contractor. 
Acceptance testing, however, 
would remain with the Depart
ment. The specification must be 
developed to balance the eco
nomics, with an acceptable level 
of risk for both the contractor 
and the Department. 

The overall goal of this project 
for the Texas SDHPT is to de
velop and implement an end
result specification for asphalt 
mixtures and asphalt concrete 
pavements which is statistically 
based and includes penalties 
and incentives for poor or supe
rior construction. These are the 
objectives: (1) establish mean 
and variational characteristics of 
specified materials which will 
produce satisfactory pavement 
performance and can be 
achieved during construction, 
(2) determine the effect of devia
tions from the specified mean 
and variational values on pave
ment performance, (3) develop a 
recommended pay schedule, 
including penalties and incen
tives based on reduced or im
proved pavement performance, 
and (4) recommend an end-re
sult specification for asphalt 
mixtures and asphalt concrete 
pavement including a penalty
incentive pay schedule. 

SDHPT 3-8-88/1-1169 
Concrete Pavement Design 
Update (AASHTO) 
W. Ronald Hudson and B. Frank 
McCullough 

The objective of this study is 
to upgrade design methods for 
portland cement concrete pave
ment, including new pavements 
and overlaid pavements, for use 
by the Texas SDHPT. Specifi
ca lly, the concepts of the 1985 
AASHTO rigid pavement de
sign guide will be investiga ted 
and mod ified for direct use in 
Texas . The work will include at 
least two sub-objecti ves: (1) to 
study, revise, and update p ro
grams JRCP and CRCP w ith 
knowledge ga ined from recent 

research studies and findings 
and (2) to update design stan
dards and standard detail sheets 
utilizing results of computer 
programs and other new infor
mation. 

The results of this study will 
produce improved designs for 
pavement structures which will 
reduce their cost of construc
tion, maintenance, and rehabili
tation. By using the current 
state-of-the art, it will be pos
sible to design better pavement 
structures than in the past, 
which will greatly benefit the 
state. The inclusion of several 
new factors and criteria in de
sign methods will help the de
signers to estimate the conse
quences of selecting various al
ternate designs, and thus, avail
able highway funds can be util
ized more effectively. 

SDHPT 2/3-9-88/1-1170 
Improved ACP Mixture 
Design: Development and 
Verification 
Thomas W. Kennedy 

The study objectives of this 
study for the Texas SDHPT are 
to (1) develop a methodology to 
employ the indirect tensile creep 
test to be used for the prediction 
o f tensile mi xture s tiffness at the 
temperatures and loading dura
tions associated with thermal 
cracking, (2) develop the meth
odology to determine Mohr
Coulomb fai lure envelopes for 

asphalt concrete mixtures and, 
further, develop the methodol
ogy to predict cumulative per
manent deformation in ACP 
pavements of different struc
tural types, for different climatic 
regions and for various traffic 
conditions, using the SED-ration 
concept, (3) develop an expedi
ent creep test device which tests 
creep samples fabricated using 
the large Texas gyratory shear 
compactor, (4) develop sample 
fabrication procedures and a 
testing procedure for ACP mix
tures containing large aggre
gates, such as those to be used 
as black bases, as well as proce
dures for ACP surface courses, 
(5) evaluate and refine the re
peated-load indirect tensile fa
tigue test for use in evaluating 
the effects of mixture compo
nent variation on flexural fa
tigue, (6) verify the new mixture 
design / analysis through an ex
tensive field verification pro
gram, and (7) implement find
ings. 

A better, more exact method 
of mixture design / analysis will 
result in a more theore tica lly 
sound basis for materials selec
tion in ACP pavements and a 
more reali stic integration of as
phalt concrete material proper
ties in structural pavement de
sign and predicted structural 
performance algorithm. This 
will , in turn, result in a more 
accurate prognos tica tion of 

pavement performance. 
(This is a joint project with the 
Texas Transportation Institute) 

SDHPT 2/3-18-88/1-1175 
Development of Dynamic 
Analysis Techniques for 
Falling-Weight Deflectometer 
Data 
Jose M. Roesset, Kenneth H. 
Stokoe, II, and W. Ronald Hudson 

The objectives of this study 
for the Texas SDHPT are to de
velop a computer model of 
pavement response to the loads 
applied by the Falling Weight 
Deflectometer, accounting for 
dynamic effects and nonlinear 
material behavior, to conduct a 
series of field tests to monitor 
the response of pavements to 
the FWD, to compare the pre
dictions of the computer pro
gram with the measured data, 
and to recommend field proce
dures for optimum performance 
of the FWD. 

Results of this project should 
have significant benefits for the 
SDHPT by improving the 
understanding of data that can 
be reliably obtained with the 
FWD and providing a way to 
estimate more accurately pave
ment performance under actual 
traffic loadings. A more reliable 
method for ascertaining in situ 
material properties results in 
improved pavement designs 
that may eventually lead to in
creased pavement service life 
and considerable cost savings. 
(This is a joint project with the 
Texas Transportation Institute) 

SDHPT 2/3/10-8-89/0-1177 
Development of Routine 
Resilient Modulus (M) Testing 
for Use with the New 
AASHTO Pavement Design 
Guide 
B. Frank McCullough , Kenneth H. 
Stokoe, II , and W. Ronald Hudso 11 

The new AASHTO Pavement 
Design Guide adopted in 1986 
requires the use of the Resilient 
Modulus Test for determining 
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roadbed soil (subgrade) proper
ties as well as the properties of 
other pavement components, 
namely, subbase, base, and as
phalt-bound materials. This pa
rameter is a fundamental engi
neering property that refers to 
the stress-strain behavior of the 
material under normal pave
ment loading conditions. At the 
present time, this test procedure 
is not being used routinely by 
personnel of SDHPT. It is essen
tial to examine ava ilable Resil
ient Modulus Test equipment 
for soils and asphalt-bound ma
terials and procedures to iden
tify and / or develop simple 
laboratory and field test proce
dures to be used on a variety of 
typical Texas soils and condi
tions in order to allow for the 
use of the new AASHTO Pave
men t Design Guide in Texas. 

The results of this study 
should make it possible for any 
District laboratory in the State 
as well as the laboratories in the 
Ma terials and Tests Division of 
the Texas SDHPT to incorporate 
the Resilient Modulus Test for 
use in pavement design. Texas 
SDHPT personnel will be able to 
use the new AASHTO Pave
ment Guide to its full est extent, 
thus improving the methodol
ogy used in the design of Texas 
highways. In addition, the re
sults of this study can be util
ized in refining further mecha
nistic pavement design proc
esses for both flexible and rigid 
pavements. 
(This is a joint project with the 
Texas Transportation Institute 
and The University of Texas at 
El Paso) 

SDHPT 3-5-88/0-1180 
Wall Thickness Criteria for 
Hollow Piers and Pylons 
fohn E. Breen 

The overall objectives of this 
project for the Texas SDHPT are 
to (1) examine experimentally 
the effect of wall thickness on 
the strength and stiffness of 
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prestressed and nonprestressed 
hollow piers and pylons, (2) de
velop an analytical model to in
vestigate the local stability, sti ff
ness, and strength of typical 
prestressed and nonprestressed 
hollow pier and pylon cross sec
tions, and (3) develop design 
recommendations for 
prestressed and nonprestressed 
hollow pier and pylon cross sec
tions suitable for consideration 
for adoption in the AASHTO 
Design Specifications. 

Since a number of bridges are 
being designed with thin wall 
pylons, it is important that the 
criteria be developed and imple
mented as soon as possible. Un
til such a systematic study is 
made, there will be continued 
uncertainty regarding the safety 
of these critical members. 

SDHPT 3-5-88/0-1181 
Bond and Anchorage of Epoxy
Coated Reinforcement 
James 0. Jirsa 

The purpose of this study for 
the Texas SDHPT is to deter
mine the influence of epoxy
coa ting or other surface coatings 
on the bond and anchorage of 
reinforcement. It will include 
the completion of the following 
tasks: (1) identifying typical 
applica tions where coated bars 
are used by SDHPT, (2) devel
oping a model for the funda
mental bond characteristics of 
coa ted bars - of particular inter-

est is the role of the rib face 
angle and deformation pattern 
on bond strength, (3) determin
ing the effect of coated trans
verse reinforcement on splices 
and development lengths of 
coated bars, (4) d etermining 
anchorage requirements for 
coa ted hooked bars, and (5) 
developing design specifica tions 
relating to coa ted bars for incor
poration into SDHPT practice 
and for submission to AASHTO 
and other code-writing groups. 

Current designs using coa ted 
bars are based on the assump
tion that the coating does not 
reduce bond characteristics of 
the reinforcement. In many in
stances this assumption may be 
unsafe. As soon as sufficient 
data are available for producing 
design recommendations, the 
results can be immediately in
corpora ted into design of trans
portation structures. It is antici
pated that while somewhat 
longer splice and development 
lengths will be required for 
coated bars, the design will be 
safer. 

SDHPT 3-8-88/9-1190 
Tire Contact Pressure 
Distributions 
W. Ronald Hudson and Kurt M. 
Ma rshek 

The objective of this study for 
the Texas SDHPT is to d eter
mine tire contact pressure distri
butions for truck tires and sev-

eral automobile tires currently 
found on highways in Texas. It 
involves (1) collecting informa
tion related to truck sizes, 
weights, and tires; (2) gathering 
data from tire manufacturers on 
tire size, maximum design pres
sure, recommended tire pres
sure, and axle loads; (3) deter
mining the test tires to evaluate; 
and (4) determining the contact 
pressure distributions for the 
representative automobile and 
truck ti res. 

The findings of this study will 
help to provide much needed 
data on actual tire-pavement 
contact pressure distributions. 
The tire contact pressure distri
bution data will be useful in de
veloping and updating tire 
models for analytical tire-pave
ment contact pressure predic
tion. The study will provide 
data which can be used by the 
Texas SDHPT to analyze the 
stresses, strains, and lives of 
pavements subject to tire 
weights, sizes, and pressure dis
tributions. The results of this 
study will assist the SDHPT in 
its pavement design and pave
ment management efforts. 

SDHPT 3-8-89/1-1195 
Long-Term Strength Properties 
of Compacted Fills for 
Embankment Design 
Stephen G. Wright 

The principal objective of this 
resea rch is to develop rational 
procedures for measuring the 
long-term strength properties of 
highly plastic clays used for 
construction of earth slopes. 
The long-term strength proper
ties are required for both the 
design of slopes initially and the 
redesign or design of remedial 
measures in slopes which have 
fa iled . 

The results of this work will 
provide the basis for rationally 
computing the stability of em
bankment slopes constructed 
using highly plastic clay soils. 
At the present time all that can 



be done is to identify what has 
not worked. Prediction of the 
success of various alternatives 
currently being considered for 
new slopes and repair of slides 
in existing slopes is not possible 
because of uncertainty in the ap
propriate shear strengths to be 
used for stability computations. 
Design of stable new slopes as 
well as successful design of re
medial measures should be pos
sible through the work of this 
project and will result in signifi
cant cost savings. 

SDHPT 3-9-89/0-1198 
Concrete Strength 
Determination at Early Ages in 
the Field 
Ramon L. Carrasquillo, David W. 
Fowler, and Aluin H. Meyer 

The development of a quick, 
inexpensive, and reliable test 
procedure for determining the 
strength of concrete in place at 
early ages will be very beneficial 
to the Texas SDHPT. Implem
entation of test results will 
eliminate much of the time-con
suming and labor-intensive 
specimen casting and testing 
done today in highway con
struction, Further, the long
term performance of concrete in 
the field will be improved be
cause the procedure used to 
evaluate when the concrete can 
be opened to traffic, for ex
ample, will be based on the ac
tual concrete properties and not 
on those of a companion speci
men. 

The overall objectives of this 
study are to (1) develop an over
all quality assurance program 
by which the field highway en
gineer will evaluate the strength 
and quality of the concrete as 
placed and cured in the field; (2) 
develop a set of guidelines and 
a manual for usc by highway 
engineers in the field, including 
guidelines for calibrating, instal
lation, test procedures, data 
analysis, and evaluation of test 
results; and (3) develop guide-

lines for correlating the test re
sults obtained by using a given 
non-destructive test procedure 
with the existing SDHPT con
crete specifications for given job 
conditions. 

SDHPT 3-10-88/C-1199 
Library and Technology 
Transfer Support of 
Cooperative Research Program 
B. Frank McCullough 

The benefits of the Texas 
SDHPT Technology Transfer 
operation are well known. The 
overall goal of this project is to 
develop and implement Tech
nology Transfer services by the 
Center to ensure that maximum 
benefits from the research are 
achieved. The project includes 
providing Technology Transfer 
services for CTR researchers and 
graduate students. 

SDHPT 3/11-8-89/0-1205 
Finite-Element Analysis of 
Bonded Concrete Overlays 
B. Frank McCullough and 
Dauid W. Fowler 

The objective of this research 
is to develop information which 
will maximize the potential for 
the successful construction and 
long-term performance of 
bonded concrete overlays. De
sign and construction proce
dures for bonded overlays are 
available from other states, but 
this information should be 
adapted to Texas conditions. By 
using available materials infor
mation and the recent experi
ence of bonded overlay projects 
in Texas, a variety of design and 
construction techniques can be 
studied with the finite clement 
method and subsequently 
checked against the field condi
tion survey information cur
rently available. Material costs, 
a part of the basic cost of con
crete paving, mav be signifi
cantly reduced by a thorough 
understanding of the bonded 
concrete overl,lv and the base 
slab interaction. Further, long-

term performance may be im
proved as result of this analysis, 
and traffic delay and user costs 
could also be reduced. 
(This is a joint project with the 
Center for Applied Research 
and Engineering at Texas Tech
nical University) 

SDHPT 3-5-89/0-1208 
Strength of Short Retrofit 
Anchor Bolts Subjected to 
Environmental Cycling 
Richard E. Klingncr 

Retrofit anchors provide an 
effective and economical means 
of attachment to concrete, but 
they cannot be used with confi
dence under severe environ
mental conditions because their 
behavior under such conditions 
is not well documented. This 
research will provide that docu
mentation and will permit the 
potential savings and efficiency 
of retrofit anchors to be realized 
in field applications. 

The specific objectives of the 
research arc to (1) summarize 
the existing state of knowledge 
regarding the performance of 
retrofit anchor bolts subjected to 
environmental cycling, (2) sup
plement this knowledge by test
ing short retrofit anchor bolts 
before and after environmental 
cycling, and (3) develop design 
procedures for retrofit anchors 
to account for the effects of envi
ronmental cycling and incorpo
rate these modifications into the 
Design Guide produced under 
Project 1126. 

SDHPT 3-5-89/0-1209 
Effect of Improved Bonding of 
External Tendons and the Use 
of Supplemental Continuous 
Bonded Tendons in External 
Post-Tensioned Bridges 
Miclzacl F. Kreger and fohn E. 

Breen 
Analytical investigations of 

box girder construction that util
izes external tendons have indi
cated that strength and ductilitv 
may be impaired because of a 

lack of bonded prestressed rein
fmcemcnt. Two potential solu
tion:- to this problem are (1) 

adding supplemental continu
ous bonded tendons during de
sign and I or 12) improving bond 
of external tendons after spans 
have been erected and stressed. 

It is anticipated that adding 
(1) supplemental, bonded inter
nal tendons and (2) bonding 
tendons at pass-through loca
tions in diaphragms will sub
stantially increase strength and 
ductility of segmental box 
girder bridges with external ten
dons. Results of tests on the 
three-span model will quantify 
how much additional strength 
and ductility can be expected for 
bridges with dry joints and for 
bridges with epoxied (glued) 
joints. In order for bonded exter
nal tendons to enhance strength 
and ductility of segmental con
struction, tendons must be ade
quately bonded to segments at 
diaphragms/ deviators. Results 
of the bond tests should indicate 
what tendon stresses can be de
veloped across diaphragms for 
straight and curved pipe ducts 
and for different ratios of ten
don area-to-duct area. 

SDHPT 3-5-89/1-1210 
Influence of Debonding of 
Strands on Behavior of 
Composite Prestressed 
Concrete Bridge Girders 
Ned H. Burns 

The objective of this research 
is to develop sound guidelines 
for the design of pretensioncd 
prestressed concrete bridge 
girders utilizing debonded 
strands. Testing of both 1-
shaped and box-shaped com
posite girders at the Ferguson 
Structural Engineering Labora
torv with the materials currently 
used (low rclax<Jtion str,md ,md 
high strength concrl'tl') in con
struction of highwav bridges 
will extend the scope of pre\·i
mrs research to est,1blish the ba
sis for the proposed guidelines. 
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The goal of the project to to es
tablish procedures for de
bonding of straight preten
sioned strands which assure the 
designer that selection of this 
option, rather than draping 
some strands, does not reduce 
ultimate load capacity or ductil
ity of girders designed for high
way bridges. Data from these 
tests can also be used to check 
the validity of composite action 
and the appropriate trans
formed section which might be 
used in the design of !-shaped 
and box-shaped girders. 

SDHPT 3-5-89/1-1211 
Fretting Fatigue in External 
Post-Tensioned Tendons 
John E. Breen and Michael E. 
Kreger 

The overall objectives are to 
(1) examine the potential for 
fretting fatigue in externally 
posttensioned concrete box 
girder bridges, (2) explore the 
effect of various deviator details 
on the fretting fatigue of exter
nal tendons, (3) explore the ef
fect of various tendon parame
ters on the fretting fatigue of 
external tendons, and (4) de
velop design and construction 
recommendations for external 
tendon deviators and tendons 
suitable for inclusion within the 
general AASHTO fatigue design 
framework. 

SDHPT 3-18-89/1-1216 
Driver Responses to Traffic 
Disturbances and Control 
Strategies 
Hani 5. Mahmassani 

This project focuses on the de
velopment of a methodology to 
capture the day-to-day re
sponses of drivers in regard to 
traffic control and management 
of reconstruction activities. The 
subobjectives are to (1) refine 
and adapt models of users: daily 
responses to perceived service 
quality, (2) incorporate these 
models of user response in op
erational procedures to evaluate 
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alternative traffic control and 
management schemes, (3) de
velop and investigate appropri
ate measures for characterizing 
the performance and effective
ness of particular traffic control 
and management plans, particu
larly when the dynamics of user 
responses are taken into ac
count, and (4) illustrate the ap
plicability of the methodology 
in a selected corridor network in 
Texas. 

SDHPT 3-5-89/0-1218 
Design and Construction of an 
Environmentally Controlled 
Test Facility for Portland 
Cement Concrete 
Ramon L. Carrasquillo, Dauid W. 
Fowler, and Al!'in H. Meyer 

The objective is to design and 
construct an environmentally 
controlled test facility for full
sized PCC pavement slabs. The 
facility can be used for testing 
new materials, new techniques, 
or modified practices. There
lated research and testing will 
improve the long-term perform
ance of pavement, pavement 
repairs, pavement rehabilitation, 
and pavement reconstruction, 
which will reduce the life-cycle 
cost of pavements. The results 
of tests using the facility will be 
directly implementablc into 
specifications and I or construc
tion practice. 

SDHPT 3-10-89/0-1223 
Evaluation and 
Implementation of ARAN Unit 
W. Ronald Hudson 

The objective of this study is 
to set up a series of experiments 
to compare the output of the 
ARAN (Automatic Road Ana
lyzer) unit and its various com
ponents with standard measure
ments and other known survey 
results. Specifically the objec
tives are to (1) prepare a list of 
the ARAN unit's outputs which 
are of interest to the SDHPT, (2) 
gather information on the proce
dures currently used by the 

SDHPT to collect data related to 
the items in (1), (3) design ex
periments to collect field data 
using the ARAN unit and the 
devices currently available to 
and/or used by the SDHPT, and 
(4) analyze the field data to 
compare the ARAN unit's out
puts with the standard equip
ment used by the SDHPT. 

SDHPT lAC 1280 
Support for the Attorney 
General 
James T. O'Connor 

This contract provides for 
services to assist the Attorney 
General in collecting and corre
lating, through the use of auto
matic data processing, evidence 
to be used in defending the 
SDHPT in a legal action. 

SDHPT ETC 486XXA3001 
Training in Asphalt Concrete 
Mixture Design and 
Construction 
Richard f. Holmgrccn, Jr., and 
Thomas W. Kemzcdtf 

This program for the Texas 
SDHPT will provide training for 
those engaged in the design, 
production, and placement of 
asphalt mixtures in Texas. The 
course will be directed toward 
technicians, inspectors, and con
struction supervisor-level per
sonnel (SDHPT and contrac
tors), and engineer-level person
nel should also gain insight 
from it. 

General Motors 
Future of the City: The Role of 
the Automobile 
C. Michael Walton and Hani S. 
Malmwssmzi 

The objective of this research 
is to explore and develop meth
odological approaches for the 
joint characterization of urban 
development patterns and 
transportation phenomena, in a 
manner that will allow the as
sessment of the transport impli
cations of evolving urban pat
terns, under the influence of 
forces to be identified in the 

course of the study. In particu
lar, emphasis will be placed on 
understanding the nature of the 
interactions that determine the 
role of the automobile in con
gested urban traffic. 

The research effort in urban 
systems transportation interac
tions involves three major 
thrusts, corresponding to three 
complementary methodological 
approaches to the problem: (1) 

characterization of principal 
phenomena and relationships, 
(2) dynamic modeling and 
simulation of urban systems de
velopment, and (3) selected case 
studies. 

Capital Metro 
Transit Facility Planning and 
Design Guidelines 
C. Michael Walton 

Since the creation of Capital 
Metro as the regional transit au
thority for the Austin metropoli
tan area there has been consid
erable interest in developing the 
transit service in order to facili
tate cooperation between exist
ing and planned land use activi
ties. It is becoming increasingly 
important to develop a set of 
transit facility design guidelines 
which will facilitate the integra
tion of transit into these land 
use activities. 

The purpose of this study is to 
develop such guidelines for the 
planning and design for transit 
facilities for Capital Metro. The 
objectives would be to foster 
public and private ventures in 
the integration of transit into 
their land use development ac
tivities, to facilitate their under
standing and appreciation of the 
planning and design elements 
implicit in transit service, and 
finally to develop a benchmark 
from which all planning and 
design activities of transit facili
ties can begin. The study will 
include STS services and appro
priate guidelines. The output 
will be a document which will 
serve as a guide for the planning 



and design of transit facilities 
for Capital Metro. Given the 
opportunities which have been 
evolving over the last few years, 
the resulting manual should be 
exceedingly helpful to both the 
public and private sectors in 
planning their developments 
and related activities and in 
retrofitting existing develop
ments. 

Capital Metro 
Development of a Data-Base 
Management System 
Hani S. Mahmassani 

The purpose of this study is to 
develop a data-base manage
ment system to support the 
planning, operations, monitor
ing, evaluation, and managerial 
functions of Capital Metro. 

The objectives are to recom
mend the hardware/software 
configuration for the data-base 
management system, design the 
structure and elements of the 
data base, and develop and im
plement application programs 
that address the reporting needs 
and information requirements 
in priority areas identified by 
the staff. 

Capital Metro 
Long-Range Railroad 
Management Alternatives 
C. Michael Walton 

The City of Austin and Capi
tal Metro have entered into an 
agreement to provide for man
agement and other matters re
lated to the recently purchased 
Giddings-Llano railroad right
of-way. The management ap
proach necessitated by the 
freight and non-freight rail op
erations has raised a number of 
questions and issues concerning 
effective management of the 
railroad right-of-way. The cur
rent management structure is 
not seen as a viable alternative 
for the future. 

The objectives of this study 
are to (1) describe the current 
arrangement and structure for 

management of the railway in 
relation to the objectives and 
goals of the railway owners, (2) 
identify the significant legal, op
erating, and financial issues of 
the railway operation and pres
ent and describe alternative 
strategies/ structures for the ef
fective management of the rail
way, and (3) present a plan of 
implementation for the recom
mended management strategy. 

Capital Metro 
Pricing Strategy- Fare Policy 
Study 
C. Michael Walton and Hani S. 
Mahmassani 

The purpose of this study is to 
develop information and proce
dures that can be used by Capi
tal Metro to design and recom
mend a comprehensive strategy 
for fares and pricing issues. The 
strategy should recognize the 
competing considerations in
volved in this problem and 
should be based on a systematic 
assessment of its impacts in 
terms of these considerations. 
Information on these impacts 
will be obtained from a variety 
of sources, including the experi
ence of other systems, as well as 
through the use of appropriate 
methodological tools developed 
for the purpose of this study 
and applied to the Capital 
Metro system. Specifically, the 
Center will identify the princi
pal alternative pricing schemes 

available, synthesize experience 
available in other systems with 
regard to non-standard fare 
policies, develop a methodologi
cal framework for the evalu
ation of the impacts of particular 
pricing schemes, and apply the 
methodology to the Capital 
Metro area in order to assess the 
relative desirability of these al
ternatives. 

Capital Metro 
Fixed-Guideway Evaluation 
Criteria Study 
C. Michael Walton 

The objectives of this study 
for Capital Metro are to (1) 
gather data on fixed-guideway 
system performance from tran
sit agencies in the U.S., with 
special emphasis on systems 
recently implemented in the 
sunbelt and West Coast cities; 
(2) compare, where possible, (a) 
projected costs for construction 
and operation with actual costs 
and (b) projected ridership with 
actual ridership, by trip pur
pose; and (3) identify key factors 
and guidelines for evaluating 
fixed-guideway systems. 

Capital Metro 
Non-Traditional Transit 
Service Study 
Sandra Rosenbloom 

Many communities are re
sponding to their transit prob
lems, including the needs cre
ated by increasing suburbaniza-

tion, by exploring and imple
menting non-traditional transit 
options, alternatives which 
range from vanpool projects to 
taxi-based community services. 
The objectives of this study for 
Capital Metro are to identify 
potential non-traditional transit 
options for Austin, match those 
options to specific suburban 
needs and activity patterns, 
evaluate the cost effectiveness of 
any individual or combined op
tions in meeting suburban or 
corridor needs, and suggest ef
fective planning service strate
gies for suburban and corridor 
needs. 

Texas Motor Transport 
Association 
Compilation of Texas Trucking 
Industry Statistics 
C. Michael Walton 

Numerous state and national 
agencies, public and private, 
generate data and documents 
containing information relevant 
to truck and bus industry opera
tions, but there is nothing that 
identifies the various sources 
and documents available. The 
purpose of this project for the 
Texas Motor Transportation As
sociation is to compile relevant 
information and data into a 
single source that can be used 
for producing statistical summa
ries and reports on the Texas 
trucking and bus industry. The 
specific objectives are to de
velop a compendium of relevant 
Texas trucking and bus industry 
data sources and to compile sta
tistical data summarizing the 
impact of the trucking and bus 
industries in Texas. 
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Strategic Highway Research 
Program 
Improved Asphaltic Materials, 
Experiment Design, 
Coordination, and Control of 
Experimental Materials 
Thomas W. Kennedy 

This work involves the coor
dination of an asphalt research 
program concerning eight major 
and twenty smaller contracts 
and numerous subcontracts. In 
addition, technical assistance is 
provided on a continuous basis 
to the SHRP staff in Washing
ton. The major activities cur
rently in progress are the estab
lishment of a reference library of 
asphalts and aggregates, a sum
mary of health and safety prac
tices relating to the use of pav
ing asphalts, the design of a 
data base management system 
to handle all of the data gener
ated in the program, and a sur
vey of current asphalt refinery 
practices in the U.S. and Can
ada. 

Texas Research and 
Development Foundation 
Long-Term Pavement 
Performance studies 
W. Ronald Hudson 

The Center is working with 
the Texas Research and Devel
opment Foundation to provide 
technical and management sup
port to develop and conduct 
long-term pavement perform
ance (L TPP) studies for the Stra
tegic Highway Research Pro
gram, which is administered 
through the National Research 
Council, in cooperation with the 
Federal Highway Administra-
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tion and the American Associa
tion of State Highway and 
Transportation Officials. The 
primary work to be accom
plished under this contract in
cludes completing the general 
pavement study design, devel
oping specific pavement study 
plans, selecting test sections, en
suring uniform data collection 
and quality control procedures, 
developing data entry and proc
essing procedures, performing 
data analysis studies, evaluating 
data collection activities, coordi
nating all L TPP activities nation
wide, and procuring equipment 
and other services required. 

University Transportation 
Centers Program 71247 
Technical, Engineering, and 
Economic Feasibility of a High
Speed Ground Corridor 
Kurt M . Marshek, Rob Harrison, 
and B. Frank McCullough 

The objective is to evaluate a 
high-technology corridor de
sign, with a highway facility 
emphasis, capable of providing 

a consistent level of fast transit 
service at appropriate user cost 
while meeting safety, financial, 
and environmental criteria. 

University Transportation 
Centers Program 71248 
Information and 
Telecommunications 
Approaches to Improve 
Transportation System 
Performance 
Hani S. Mahmassani, Robert 
Herman, and C. Michael Walton 

The objective is to identify 
fundamental processes critical 
to the development and opera
tionalization of telecommunica
tions technologies for control of 
vehicular traffic in congested 
networks through provision of 
descriptive and prescriptive in
formation on a real-time basis to 
individual vehicles. The study 
addresses (1) the trade-offs 
among various technological 
system configurations, (2) the 
principal options with regard to 
type, frequency, timeliness, 
scope, accuracy, and content of 

supplied information supply 
strategies, and (4) conditions 
under which benefits can be re
alized for different strategies 
and system configurations. 

University Transportation 
Centers Program 71249 
Evaluating the Coordination of 
lntermodal Transportation 
Policies and Programs to 
Promote Economic Growth 
C. Michael Walton and Leigh B. 
Boske 

Intermodal transportation can 
be defined broadly as the move
ment of goods or persons by 
two or more modes of transpor
tation between specific origins 
and destinations. Intermodal 
transportation, when it works 
well, provides the basis for bet
ter integrating the transporta
tion network through smoother, 
quicker, and less frequent trans
fers. 

By and large, the major prob
lem associated with intermodal 
transportation is the fact that 
intermodal impacts, needs, and 
considerations are not ade
quately taken into account. 
Evaluation includes a descrip
tion of Texas state and local 
government involvement in the 
state's transportation system, a 
delineation of the extent to 
which both multimodal and in
termodal plans, projects, and 
programs formulated in other 
states are relevant to Texas, and 
an enumeration of specific inter
modal programs in place in the 
United States that increase inter
modal transfers of goods and 
people. 



358-2F 
The Effects of Mixing Temperature and Stockpile 
Moisture on Asphalt Mixtures Containing 
Absorptive Aggregates 
Maghsoud Tahmoressi and Thomas W. Kennedy 
December 1987 (Preliminary) 

365-3F 
Strength and Ductility of a Three-Span Externally 
Post-Tensioned Segmental Box Girder Bridge 
Model 
R. f. G. MacGregor, M. E. Kreger, and f. E. Brec11 
January 1989 (Preliminary) 

443-1F 
TEXAS Model Version 3.0 (Diamond 
Interchanges) 
Clyde E. Lee, Randy B. Machcmehl, 
and Wiley M. Sanders 
January 1989 (Preliminary) 

457-5F 
A Summary of Studies of Bonded Concrete 
Overlays 
Young-Chan Suh, James R. Lundy, 
B. Frank McCullough, and D. W. Fowler 
November 1988 

472-2 
Development of a Long-Term Monitoring System 
for the Texas CRC Pavement Network 
Chia-pci f. Chou, B. Frank McCullough, 
W. R. Hudson, and C. L. Sara[ 
October 1988 

472-3 
A Twenty-Four-Year Performance Review 
of Concrete Pavement Sections Made 
with Siliceous and Lightweight 
Coarse Aggregates 
Moonchcol Wo11, Kenneth Hankins, 
and B. Frank McCullough 
April1989 (Preliminary) 

481-3 
Abrasion Resistance and Scaling Resistance 
of Concrete Containing Fly Ash 
Karim M. Hade/ziti and Ra1non L. Carrasquillo 
August 1988 

481-4 
The Effect of Fly Ash on Temperature Rise 
and Hydration in Portland Cement Concrete 
Hope 1\. Villanuez,aand RanHlll L. Carrasquillo 
April1989 (Preliminary) 

490-1 
Investigation of the Frictional Resistance 
of Seal Coat Pavement Surfaces 
Mohanl('d-Ascm U. Abdul-Malak, Chr!jssis G. 
Papaleontiou, David W. Fowler, . 
and Aluin H. Meyer 
June1988 

556-2 
Prestressed Concrete Pavement: 
Instrumentation, In-Situ Behavior, and Analysis 
Elliott David Mandel, Ned H. Bums, 
and B. Frank McCullough 
August 1989 (Preliminary) 

920-3 
Monitoring and Testing of the Bonded Concrete 
Overlay on Interstate Highway 610 North 
in Houston, Texas 
Kok ]in Teo, D. W. Fowler, and B. Frank McCullough 
February 1989 

969-1 
Evaluation of the Performance of the Auto-Read 
Version of the Face Dipstick 
Carl B. Bertrand, Robert Harrison, 
and B. Frank McCullough 
August 1989 (Preliminary) 

1116-1F 
Evaluation of the Troxler Model3241-B Asphalt 
Content Gauge 
Richard f. Holmgrcen, Jr., James N. Anagnos, 
Thomas W. Kennedy, and William E. Elmore 
N ovcmbcr 1988 (Preliminary) 

1118-1F 
The Effectiveness of Membrane Curing 
Compounds for Portland Cement Concrete 
Pavements 
C. Pcchlimnidis, C. G. Papalcontiou, A. H. Mct;cr, 
and D. W. Fowler . 
November 1988 

1124-1F 
A Study of the Influence of the Temperature 
of the Substrate on the Construction of Bonded 
Portland Cement Concrete Overlays 
Soeliipto Kocsno. A. I I. Meyer. and D. W. Fmdcr 
November 1988 

1126-1 
Load-Deflection Behavior of Cast-In-Place 
and Retrofit Concrete Anchors Subjected 
to Static, Fatigue, and Impact Tensile Loads 
0. M. Collins, R. E. Klingncr, and 0. Polt;:ois 
February 1989 . 

Research 
Reports 

Produced 
This Year 

These reports were 

produced by the Center 

during 1988-89 to provide 

the sponsors with 

documentation of the 

research accomplished. 

Some of these are still in 

preliminary form and are 

not yet available for 

distribution. 
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SDHPT 
Graduate 
Program 

1126-2 
Adhesive Anchors: Behavior and Spacing 
Requirements 
G. T. Doerr and R. E. Klingner 
March 1989 

1126-3 
Behavior and Design of Ductile Multiple-Anchor 
Steel-To-Concrete Connections 
R. A. Cook and R. E. Klingner 
March 1989 

1126-4F 
Design Guide for Steel-To-Concrete Connections 
R. A. Cook, G. T. Doerr, and R. E. Klingner 
March 1989 

1129-1 
Computer Program for the Analysis of Bridge Bent 
Columns Including a Graphical Interface 
R. W. Stocks, C. P. Johnson, and]. M. Roesset 
November 1988 (Preliminary) 

1129-2F 
Analysis and Design of Bridge Bent Columns 
M . Haque,]. M . Roesset, and C. P. Johnson 
November 1988 (Preliminary) 

The first students enrolled under a Master's 
Degree graduate program sponsored by the Texas 
State Department of Highways and Public 
Transportation are now attending classes and 
working on SDHPT projects. The program is 
ongoing at the University, where it is administered 
by the Director of CTR, and at the Texas 

1160-1F 
Evaluation of a Simplified Procedure for 
Determining Maximum Specific Gravity 
of Asphaltic Concrete Mixtures 
Richard]. Holmgreen , Jr ., and Thomas W. Kennedy 
March 1989 (Preliminary) 

1169-1 
A Study of Drainage Coefficients for Concrete 
Pavements in Texas 
Venkatakrishna Shyam, H. Castedo, W. R. Hudson, and 
B. Frank McCullough 
May 1989 (Preliminary) 

1190-1 
Truck Tire Pavement Contact Pressure 
Distribution Characteristics for Super 
Single 18-22.5 and Smooth 11R24.5 Tires 
Rex William Hansen, Carl Bertrand, K. M. Marshek, and 
W. R. Hudson 
July 1989 (Preliminary) 

1197-1F 
Organization and Analysis of 1987 HMAC Field 
Construction Data 
Maghsoud Tahmoressi and Thomas W. Kennedy 
November 1988 (Preliminary) 

Transportation Institute, at Texas A&M 
University. 

The program provides scholarships to selected, 
eligible, qualified engineers who are employees of 
the SDHPT. The students remain SDHPT 
employees, devoting time to both academic work 
and related highway research. It is expected that 

the scholarships will be 
awarded three times a 
year, in the fall, spring, 
and summer, and the 
number of recipients will 
be based on the number 
of those who qualify; no 
specific number will be 
chosen each semester. 
The possible length of 
study is one and a half 
years. 

The students attending 
the University are shown 
to the left with Dr. 
McCullough. They are, 
left to right, Darren 
Hazlett, Ray Derr, and 
Bruce Long. 



Leigh B. Boske 

Professor of 
Public Affairs 

Humberto Castedo 

Project Coordinator 

Richard W. Furlong 

Professor of 
Civil Engineering 

Richard J. Holmgreen, Jr. 

Project Coordinator 

John E. Breen 

Professor of 
Civil Engineering 

Mark A. Euritt 

Project Coordinator 

Kenneth D. Hankins 

Project Coordinator 

W. Ronald Hudson 

Professor of 
Civil Engineering 

Ned H. Burns 

Professor of 
Civil Engineering 

David W. Fowler 

Professor of Civil 
Engineering and Member 
CTR Executive Advisory 
Committee 

Robert Harrison 

Project Coordinator 

Fred Hugo 

Project Coordinator 

Ramon L. Carrasquillo 

Associate Professor of 
Civil Engineering 

Karl H. Frank 

Professor of 
Civil Engineering 

Robert Herman 

Professor of 
Civil Engineering 

James 0. Jirsa 

Professor of 
Civil Engineering 

Project 

Administrators 
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C. Philip Johnson 

Associate Professor of 
Civil Engineering 

Clyde E. Lee 

Professor of Civil 
Engineering and 
Chairman CTR Executive 
Advisory Committee 

B. Frank McCullough 

Professor of 
Civil Engineering and 
Director of CTR 

Lymon C. Reese 

Professor of 
Civil Engineering 

Thomas W. Kennedy 

Professor of 
Civil Engineering 

Randy B. Machemehl 

Associate Professor of 
Civil Engineering 

Alvin H. Meyer 

Senior Lecturer in 
Civil Engineering 

Jose M. Roesset 

Professor of 
Civil Engineering 

Richard E. Klingner 

Professor of 
Civil Engineering 

Hani S. Mahmassani 

Associate Professor of 
Civil Engineering and 
Member CTR Executive 
Advisory Committee 

James T. O'Connor 

Assistant Professor of 
Civil Engineering 

Sandra Rosenbloom 

Professor of 
Architecture and 
Planning 

Michael E. Kreger 

Assistant Professor of 
Civil Engineering 

Kurt M. Marshek 
Professor of 
Mechanical Engineering 

Roy E. Olson 

Professor of 
Civil Engineering 

Kenneth H. Stokoe, II 

Professor of 
Civil Engineering 



C. Michael Walton 

Professor of 
Civil Engineering 

M. u. Abdul-Malak 

Kathryn Albee 

Robert Anderson 

Ronald D. Andrus 

Marwan F. Aouad 

Jose A. Arrellaga 

Muhammad A. Baaj 

Russell M. Barksdale 

Asit N. Baxi 

James A. Bay 

Douglas 0. Bell 

Samer N. Bissat 

Abdelhakim Bouadi 

Randall Bravo 

lain Brown 

Alan H. Butler 

Robert S. Carter 

Der-Wen Chang 

Ajay Chawlani 

Santhosh S. Cheeniyil 

Aref Chmaytelli 

German J. Claros 

Ronald Cook 

Fernando Cuenca 

Natalie D' Abreudepaulo 

Ray Derr 

Gaylene Doerr 

Mohanan Achen 

Kamal B. Ahuja 

Julie Alkire 

Bryan D. Black 

Edward Breeze 

Patrick B. Brooker 

Paul Brown 

Sigifredo Camarillo 

Shen-Te Chen 

Alan Dean 

Amer Z. Durrani 

Wayne Estrel 

William V. Ward 

Research Coordinator 

Kjetil Emhjellen 

James J. Ernzen 

Melvin Fachler 

Brian Falconer 

Reed B. Freeman 

Britt Gardner 

Tasos Georgiou 

Dimitrios Goulias 

Cliff R. Hall 

Bilal S. Hamad 

Rex Hansen 

Samuel G. Hatcher 

Brett C. Haugland 

Darren Hazlett 

Todd A. Helwig 

Luis Hernandez-Echavez 

Christopher C. Higgins 

Azez N. Hindi 

Michael Hoffman 

Rodrigo M. Jordan 

Thomas Joseph 

Yumin Vincent Kang 

Srikanth M. Kannapan 

Mohamad K. Kayyal 

Dong-Soo Kim 

Theunis J. Kruger 

Mehmet Kunt 

Jorge I. Estrada 

Michael B. Fraser 

Polykarpos J. Isis 

Bijan T. Jamalabad 

Julio Jimenez 

Lance Kaczorowski 
Alan Kesten 

Veenod Kurup 

Michael Lavallee 

Ming-Shin Lee 

Kee C. Lim 

Laurence Martinez 

Stephen G. Wright 

Professor of 
Civil Engineering 

Soi-Hoi Lam 

Ngarkok J. Lee 

Gilberto H. Leiva 

Ming-Jen Liu 

Bruce Long 

Jian Lu 

James R. Lundy 

Robert MacGregor 

Donna J. Mader 

Raheel Malik 

Elliott Mandel 

Mahmoud Manesh 

Christopher Marcus 

Kenneth Merryman 

Robert F. Miner 

Sanjay Modur 

Tommy Morrow 

Kyriacos C. Mouskos 

Emmanuel B. Owusu-Antwi 

Sudhir K. Pawar 

Constantin Pechlivanidis 

Khali R. Persad 

Rafael F. Pezo 

Jose Pincheira 

Wei-Chou V. Ping 

Anthony C. Powers 

Brock J. Radloff 

Auldin Massey 

Sandra Mcintosh 

L. Palaniappan 

Joseph Peterson 

David L. Plutowski 

John R. Roy 

Michael M. Rung 

Jaime Sanchez 

Alfredo E. Santolamazza 

Andreas Savvides 

Abu Sayeed 

Rajeev Sethia 

Nasir Rahman 

Guillermo Ramirez 

Randall B. Rowell 

Bruce W. Russell Graduate Students 
Mohand L. Sennour 

Fayyaz H. Shah 

Mansour Solaimanian 

Eric Stamm 

Youngchan Suh 

Mohd R. Suliman 

Andrew W. Taylor 

Theodore Telisak 

Jose Tena-Colunga 

Robert Thomas 

Paul J. Tikalsky 

Chee C. Tong 

Hassan F. Torshizi 

Arthur R. Toussaint 

Tan Tran 

Barry van der Walt 

Somroj Vanichvatana 

Willem A. van Metzinger 

Ricardo Villablanca 

Hope Villanueva 

Chao Wei 

Angela J. Weissmann 

Jose Weissmann 

Sanjeev Sethia 

Jasbir Singh 

David Spencer 

Djoni Supangkat Undergraduate Students 
William T. Templeton 

Howard D. Thames 

Joel D. Tompkins 

John Waters 

David Weatherbie 

Andrew Willrodt 
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Professional, Technical, 
and Other Personnel 
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Assistant 
to the Director 
John H. Sutherland 

Research Engineer 
James S. Moulthrop 

Resmrclz Engineer 
Associates 
Robert W. Adams 

James N. Anagnos 

Konrad Bergmeister 

Charlie R. Copeland 

David Erickson 

Josef Farbiarz 
Shekhar Govind 

Liren Huang 

Robert F. Inman 

James R. Lundy 

Chryssis G. Papaleontiou 

Maghsoud Tahmoressi 

Tetsuya Tsujimoto 

David P. Whitney 

Rcsmrch Engineer 
Assistants 
Fouad Alsabbagh 

lain Brown 

Joseph Garner 

Massoud Mortazavi 

Thomas J. Vandam 

Tcclznica/ Staff 
Associate 
Blake A. Stasney 

Tccluzica/ Staff 
Assistants 
Brent T. Allison 

Bryan P. Ball 
Ernest F. Barth Ill 

Carl B. Bertrand, Jr. 

Eugene E. Betts 
Wayne E. Fontenot 

Wayne A. Little 

Richard D. Marshall 

William H. Moffeit 

Richard B. Pavlasek 

Richard G. Ryle 

Yam Tay 

Paul A. Walters 

SC!lior Administmtiue 
Associates 
Lynnette B. Bounds 

Maxine R. DeButts 

Teresa Tice-Boggs 

Administrative 
Associates 
Peggy L. Johnson 

Rose J. Rung 

B. Sue Sweeney 

Administratiue 
Assistants 
Nancy L. Bickham 

Mary K. Collins 

Carla Fine Cripps 

Sharon D. Cunningham 

Bessie R. Dougherty 

Kathlyn Ferguson 

Wendy L. Giles 

Candace Gloyd 

Elizabeth Brown Loy 

Deborah A. Marshall 

Loretta J. McFadden 

Rebecca L. Mcintyre 

Laurel G. Patterson 

Lynn Sanders 

Vicki Lynn Simpson 

Sue L. Tarpley 

Elizabeth H. West 

Senior Office 
Assistants 
Donna L. Freytag 

Judy Gilliland 
Sarah V. Green 

Tiffany Kocian 

Irene B. Moore 
Darrell Rhines 

Kathy Waters 

Office Assistants 
Melanie Adams 

Amanda S. Bledsoe 

Janet A. Bottomley 

John Geppert 

Jay T. Jennings 
Betty Jones 

Christopher B. Mendoza 

April Perry 

Marcia Robinson 

Cll'rical Ass isla n I 
Alisha Clark 

Accountants 
Nancy N. Crutcher 

John E. Ermis 

Accounting Clak 
Jennifer L. Batson 

Senior Procurement 
Officer 
Laura Golding 

Procurement Offica 
Sandra J. Scott 

Editor 
Arthur W. Frakes, Jr. 

Library Assistant 
Brenda G. Ziser 

Assistants (Graduate) 
Anil Paranjape 

Stephen Trainer 

Senior Teclznical 
Secretaries 
Lynda Gabbert Antoniotti 

Carol Booth 

Linda Iverson 

Kay C. Lee 

Punsom J. Suvunphugdee 

Tee/mica/ Secretanf 
Elodia Sandoval 

Drafting Technicians 
Derrick W. Caballero 

Mildred J. Gehrke 

Artists 
Mary A. Mooney 

Kathi E. Nordone 

Iris D. Schoenrock 

Senior Szfslems Analyst 
Bahram Tahmassebi 

Systems Analyst 
Terrence E. Dossey 

Computer Programmers 
Dennis S. Collier 

Shekhar Singh 

Post Doctoral Fellow 
Rufus S. Williamson, Jr. 

Rl'scarch Fellows 
Gerald Peck 

Thomas W. Rioux 

Richard W. Rothery 

Dennis Smalley 

Resmrch Associate 
Richard Cockfield 
William Elmore 

Social Sciences 
Research Associate 
John M. Hawkins 



Procurement Officer 
Sandy Scott 

Procurement Assistant 
Melanie Adams 

Editor 
Arthur Frakes 

Senior Technical Secretary 
Kay Lee 

Artists 
Derrick Caballero 

Kathi Nardone 

Office Assistant 
Jay Jennings 

Accountant 
John Ermis 

Accounting Assistants 
Steve Trainer 

Janet Bottomley 

Personnel Assistant 
Donna Freytag 

Director 
B. Frank McCullough 

Assistant to the Director 
John H. Sutherland 

Research Coordinator 
William V. Ward 

Microcomputer Specialist 
Dennis Collier 

Librarian 
Brenda Ziser 

Under;?raduate Research 
Assistants 
Mohanan Achen 

Veenod Kurup 

Sanjeev Sethia 

Administrative Assistant 
Laurel Patterson 

Administrative Assistant 
Nancy Bickham 

Travel Coordinator 
Kitty Collins 

Receptionist 
Amanda Bledsoe 

Office Runner 
Chris Mendoza 

Undergraduate Research 
Assistant 
Rajeev Sethia 

Special Research Studies 

Resources 

Administrative Support 
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