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ABSTRACT

The Texas Highway Department in cooperation with the Federal
Highway Administration has been conducting Research & Development
studies to solve specific problems since the inception of the
Prog%am. The studies have always been initiated as a result of
need by the Department. Over the years, varying degrees of
success have been realized in the various studies conducted.
As one would anticipate some studies prodﬁced very little in
the way of useable results. On the other side of the coin some

of the studies have had outstanding success and the results have

been used on a National basis.

In order to capitalize to the degree possible from experience
in the Research & Developmeﬁt effort a record is maintained by
the Department on each study recording the study number, the
title, the Texas Highway Department Monitoring Division, the
Texas Highway Department Contact Individual, date initiated, date
terminated, total funds expended, background inforﬁation, study
objective, implementation of findings and the reports published.
'The record is valuable- for a numbef of reasons. Primarily that
it is an aid in an effort £o improve the future research-

effort. It indicates the successes and so forth of the



researcher and ali invelved with the research over a period of
time. This includes the money spent ana the use made of.the
results. In a sense it is a score sheet on each study.

However, one must be careful to keep in mind that sometime the
full impact of research resulis are not realized for years aftex
they have been ﬁade available for use. Also, at this point it
may be well téiconsider a statement made by Representative Dan
Kuyknall, "history shows us on almost every page the worthwhile
ideas that went down the drain because their creators drew the

" mistaken conclusion that a worthwhile idea will sell itself".

It is anticipated that this compilation of research
accomplishments will be of value to the researchers, those iﬁ—
volved with Research & Development, and by administrators.

Also, it is intended to continue this form ofbrecord on future
research studies as they are completed. The recgrd will be dis-

tributed on a need basis.
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HPS=1(25)A "Inter S“CLlﬂm ILllumination"
Reseaxrch Study mNo. ‘ Title
Various Supervisors File D-8
Drotoc- R . o : I
Project Supervisox T.H.D. Monitoring Division
Various Contact Men 1959 1962
T.H.D. Contact Individual Date Initiated  Date Terninated

BACKGROUND INFORMATION A

Highway engineers have the opinion that there are three basic réasons
for the necessity of highway illumination. These are safety,
operational efficiency and comfort. The increase in the night use

of our modern multi-billion dollar highway system and 'the demand for
increased efficiency of operation has caused the illumination criteria
of highway design to become more and more critical.

STUDY OBJ CTIVE

The primary general ObjCClee of this study was to develop illumination
for greater comfort, convenience and safety in each area of research
conducted. :

IMPLEMENTATION OF FINDINGS

This study served to a large extent to develop the ground work requiied
for future studies in the area of illumination.

RESZA H RZPORTS PUBLISHE

1. *“Investigation of the Effect of Intersection Illumination Upon
Driver Behavior as Measured by Galvanic Skin Response", by
H. C. Lott, Jr. - A Thesis -.A & M College, August 1960.

FeraTa o omERA ATTER Y QTIRTR MY



PAGE TWO
HPS-1(25)A

RESEARCH REPORTS PUBLISHED (CONT'D)
2. "Rural Intersection Illumination Studies', by Hubert
A. Henry, Texas Highway Department, no. date.

3. "Roadside Sign Legibility and Roadway Illumination",
by Donald E. Cleveland, 7.T.%L., July 1960.

4. "Driver Tension and Rural Intersection Illumination",
by Donald E. Cleveland, T.T7.L., 1961.

5. "Sun Shadow Patterns on Highway Signs”; by Robert M.
Olson, A & M College, no date.

6. "Fluorescent Fixtures for Overhead Sign Illumination®
by bon E. Cleveland, T.T.I., December 1961.

reollow-on illumination studies were as follows:

Research Study No. 2-8-64-75, "Supplementary Studies
in Highway Illumination".

Research Study No. 2~69~137,'"Roadway Illumination
Systems".

Research study No. 2-8-57-5, "Intersection Illumination"
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RESEARCH REPORTS PURLISHED

2. "A l5-Year Study of Jgnd Values
1 1

3. ."Changes in Land Value and Land Use Along Three
Sections of the I te Highway System in Texas"

ater, and C. V.

. “"Economic Effects of the Camp Creek Road Improvement”,
by William G. Adkins, Septembexr 1958.

fies

sways, U.S. 81

mpact o San Anitonid mXDpIre

6. "Land vValue Impacts of Expressways in Dallas, Hou

San Antonio, Texas" by William G. Adkins, T.T.I. 1959

y of 18 Remainderx Parccls Along Houston's Gulf
£ ton and William G. Adkins,

t-h
}J.
:’5
rx

8. ‘“Economic Impact Study - Austin, Texas" by C. V. Wootan
and C. R. Haning, T.T.I. 1960.

9., “Economic Impact Study -

Tem Texas" by C. V. Wootan
and C. R. Haning, T.T.I. 19 '
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"Road Tests on Hot Mix
Hps~1(25)D Asphaltic Concrete"

oy

Research Study No. Title

Bob M. Gallawavy- File D-8
Project Supervisor T.II.D. Monitoring Divigsion

M. D. Shelby 1960 1962
T.H.D., Contact Individual Date Inilitiated Date Terminated

TYR YT T ONT N CITRCYTING T IOVT YN
BACKGROUND INFORMATION

During the time that this research was in progress, inestigators
became more and more aware of the necessity for learning more
about the.properties of asphalt through field and laboratory
testing. The test conducted in this study covered the properties
of asphalt under repetitive loadings, field densities of hot-mix
asphaltic concrete, information tests, etc.

STUDY OBJECTIVE

To learn more about the properties of asphalt under field and
laboratory conditions and to develop test equipment.

IMPLEMENTATION OF FINDINGS

The results of this study were used as a basis for continuing
studies in this area, as a basis for establishing specifications
and was some assistance in the area of development of laboratory
equipment. ’

(See Attached Sheet)



RESEARCH REPORTS PUBLISHED

“Behavior of Asphaltic Diaphragms to Repetitive
Loadings", by Rudolf A. Jimenez and Bob M. Gallaway,
T.T.I. August 1962. :

"A Limited Study of Laboratory and Field Densities of
Hot-Mix Asphaltic Concrete in Texas", by Bob M.
Gallaway, T.T.I., January 1960. '

"aA Study of Hveem Stability Versus Specimen Height" by
Rudolf A. Jimenez, and Bob Gallaway, T.T.I., January
1961.

“preliminary Report of an Apparatus for the Testing of
Asphaltic Concrete Diaphragms™, by Rudolf A. Jimenez and
Bob M. Gallaway,T.T.I., January 1962.

“An Apparatus for Laboratory Investigations of Asphaltic
Concrete Under Repeated Flexural Deformation" by Rudolf
A. Jimenez, T.T.I. January 1962.
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RP~2 ‘ "Custonexr Regulirements in Transportation®
Resegaxrch Study XNo. Title
Dan R. Davis, J, Nelson Slatex
Charxles V. Wootan,; Hugo G. Meuth Administration
Chaxles R. Haning, B T.H.D. Monitoring Division

PROJECT SUPERVISORS

7-13-53 2-2-59
T.HE.D. Contact Individual Date Initiated Date Terninated
$131,838.70 (Through 8-31-55) '
Total Funds Expended

BACKGROUND INFORMATION .

This Research Study was divided into various economic studies. The
results of which would be of value to the administration in making
decisions.

STUDY OBJECTIVE
The objective of each of the various segments of the study can be
well determined from the study reports generated and listed below.

IMPLEMENTATION OF FINDINGS

RESEARCH REPORTS PUBLISHED

1. "The Traffic Pattern of Ginned Cotton, Cottonseed, and Cottonseed
Products Transported in Texas by Railway, Highway and Waterway for
1952-19531 S o

2. “"Characteristics of Highway Freight Transportation in Texas".

3. "A Study of the Highway Distribution of Gasoline. ;

4. ‘VTransportation Uses and Preferences of the Texas Food Industry”.
5. "A Statistical Presentation of Transportation Uses and Preferences

in Texas Food Industry". ST
6. “"Private Trucking Costs and Records". -



RESEARCH & DEVE LODML’\ T
ACCOMPL I SHMENT

RP-3 ‘ "Tmprovement of Asphaltic Materials"
Research Study No. ~Title

Bok M. Gallaway . v D-9
Project Supervisor T.H.D. Monitoring Division

Weldon Chaffin 7-10-53 - 10-5-60 .
T.H.D. Contact Individual Date Initiated Date Terminated

$61.,858.94 (Through 8-31-55)
Total Funds Expended

BACKGROUND INFORMATION .

This investigation concerns itself with the changes which have occured
in asphaltic cement recovered from test roads during six years of
service. The results of standardized tests and special tests performed
on the asphalt are shown to compare the initial properties of the
asphalts with subsequent changes in physical and chemical properties.

The trend of changes in asphalis occurring with age is presented and
tentative recommendations are suggested for the specification of
asphalts, in order to improve or to make better use of certain
fundamental properties of asphalts. ‘ .

STUDY OBJECTIVE

The primary objective of this investigation was to obtain a general
trend between the original properties of asphalts and the service
connected changes.

»*

IMPLEMENTATION OF FINDINGS
The results of this research study were used as a basis for wrlflng
specifications, acceptance tests and construction procedures.

RESEARCH REPORTS PUBLISHED

1. "Preliminary Report on Project RP-3, Improvement of Asphaltic

Materials®
2. "Final Report - Improvement of Asphaltic Materials"
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"A Comprehensive Study of Factors Influenc-
ing the Load Carrying Capacities of Drillecd

RP-4 and Cast-in-place Concrete Pilesg"
Research Study No. Title
Lawrence A. DuBose ' D=5
Project Supervisor T.H.D. Monitoring Division
7-15-53 5-1-57
T.H.D, Contact Individual Date Initiated Date Terminated
$34.,142. .11

Total Funds Expended

BACKGROUND INFORMATION

The results of Research Project—~4 have been prepared as two reports,
Part 1 and Part 2. Part 1 covers the following: Field Exploration
and soil Test Results; SR-4 Gages and pressure Cells; Compression Load
Test Results on 7 and 8 Inch Diameter Piles; Compression Load Test
Results on l0-FFoot Effective Length Straight Shaft Piles; Compression
Load Test Results on 13 and 14 Inch Diameter Straight Shaft Piles;
Conpression L.ocad Tests Results on Underreamed Piles; Compression ILoad
Test Results on Specially Placed or Designed Piles; and Tension Load
Test Results on Straight shaft Piles.

Part 2 of the final report includes the results of tests made on

small scale piles and the results of lateral load tests on field and
laboratory installed reinforced concrete piles.

STUDY OBJECTIVE |

To determine the factors influencing the load carrying capacilities of
‘drilled and cast-in-place concrete piles.

IMPLEMENTATION OF FINDINGS

Results from this study showed that the utilization of skin friction

and point bearing capacity for cast in place drilled shafts was a

logical and safe design procedure. New design procedures were then
established to permit, under certain limitations, the utilization of

both skin friction and point bearing capacity for determining the load
capacity of drilled shafts. Previous to this time the total load capacity
was determined from the point bearing capacity only.

RESEARCH REPORTS PUBLISHED

Part 1 - July 1956
Part 2 - October 1956



RESEARCH & DEVELOPMENT
o ACCOMPLISHMENTS

"Non-Destructive Testing of Welds

RP~5 in Structural Steel”

Research Study No. ‘ . Title

Donald T, Weeskes & B, ¥F. ¥, Mullins n-5

Project Supervisor T.H.D. Monitoring Division
12~30~52 11-2-56

T,H.D., Contact Individual Date Initiated Date Terminated

$18,576.54
Total Funds Lxpended

BACKGROUND INFORMATION ) This report is concerned
with the problem of inspecting welds in structural steel

by nori-destructive methods. With emphasis on those aspects of the
problem peculiar to highway bridges, present practices are described
and the need for additional research is discussed. '

STUDY OBJECTIVE

The objective of the study is to determine the best means for non-
destructive testing of welds in structural steel.

IMPLEMENTATICN OF FINDINGS
This study primarily laid the groundwork for further research on this
subject. Furthermore, it outlined the prlnc1ple hon-destructive test-

ing methods currently in use and developed a bibilography on the
subject. : ‘

RESEARCH REPORTS PUBLISHED

One report was publlshed and it has the same title as the study indicate
above. ‘
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"some Factors Affecting the Life of Steel

RP-6 Pilings in the Texas Gulf Coast Area"
Ressareh Study XNo. Title
Rob M. Gallawa Y . File D-5
Project Supervisor T.H.D. Monitorxing Division
4-1-54 10-16-56

ntact Individusl Date Iniltiated Date Terminated

DACKGROUND IXNFORMATION

This report covers the corrosion studv as applied to underground members

of highway structures of the Gulf Coast area of Texas, an area 50 to 75
miles wide, extending from the Rio Grande River to the Louisiana State Line
The report indicates the methods to be used in collecting corrosion data
and the factors of which should be taken into consideration. Additionally,
the report pinpoints ways in which remedial measures should be taken where
corrogion is anticipated. It indicated where coxrrosion surveys should be
made Where insufficient data is available. Theory of corrosion of steel
in water and soil was developed and a bibilography was developed.

STUDY OmJzZCTiva

The objective of the study was as follows: 1. To determine if there is

a danger of serious corrosion of plain carbon steel piling below the
permanent water table of the soils and muck of the Gulf Coast Area.

2. What chemical and physical characteristics of the soil and soil waters,
contributory to serious corrosion, exists in this area? 3. If serious
corrosion may be expected in the Gulf Coast Area, what is the inland extent
of the critical area?

TrRoTLEOT RTDORTS PUST e aRseanl
UL I A NG Ly \/- o] Uil o *

The only report publlshed is entitled the same as the title given above.
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"Use of Prefabricated and/oxr Prestressed

RP-7 : Elements in Bridge Structures"
Research Study No. Title
Truman R. Jones, T. J. Hirsch
and Henson K. Stephenson D=5
Project Supsrvisor T.H.D. Monitoring Division
April 19654 10-21-59
T.H.D. Contact Individual Date Initiated Date Terminated:

5130 43&,66

Total Tunds *:_3 na

f‘:
5
O

BACKGROUND INFORMATION This study was a very comprehensive study of
structural qguality lightweight aggregate and lightweight aggregate
concrete using aggregates produced in Texas.

STUDY OBJECTIVE The objective of the study was as follows:

1. Large areas of the State do not have satisfactory sand and gravel
aggregates within economical hauling distance and many of the better
deposits in other areas are rapidly becoming depleted.

2. The reduced dead load in lightweight concrete structures makes lt
very desirable to make more general use of this material.

3. The more advanced design principles adopted in recent past and those
that will be adopted in the future demand a Lhorough knowledge of the
properties of the material to be used.

IMPLIMENTATION OF FINDINGS Results of this study have been utilized in the
design of bridge decks to be constructed using lightweight aggregate
concrete, and as background information for writing standard construction

specifications for lightweight aggregate concrete.

RESEARCH REPORTS PUBLISHED 1. Preliminary report on the mixed design and
field practices for structural lightweight concrete. 2. Creep and shrink-
age in lightweight concrete. 3. Properties of lightweight concrete
related to prestressing. 4. Proportioning, control, and field practices
for lightwéight concrete. 5. The physical properties of structural
quality lightweight aggregate concrete. '



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS
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RP -8 , "Highway Soils”
Research Study Ho. C Title
T. J. Kelly File D-8
Project Supervisor T.H.D. Monitoring Division
Conrod Dxdyn | 1957 10-5-60

T.H.D, Contact Individual Date Initiated Date Terminated

$110.833.18.
Total Funds Expended

BACKGROUND INFORMATION The investigation which forms the basis for

this study was undertaken to increase -the state of knowledge concerning
a rational relationship of repeated loadings to elastic and plastic
deformation in the flexible pavement system. This goal was approached
by undertaking and evaluation of existing flexible pavenents through a
study of the load deformation relationships in the pavemenis.

STUDY OBJECTIVE The objectives of the study were as follows: 1. Present
a method of evaluation of the load capacity and life of flexible pavements
under repeated loading. 2. Develop criteria based on trends of measured
pavement deformations to be used in delineating whether a flexible pavemen:
is performing elastically, progressing toward elasticity, or progressing
toward failure. 3. gSelect representative test locations on flexible
pavements by applying the above criteria to existing records of measuring
deflection on several sections of Texas highways. 4. Establish the feasi-
bility of measuring repetitive pavement deflections with the Benkleman
Beam, which is presently used for measuring individual pavement deflection

IMPLEMENTATION OF FINDINGS

This investigation was designed as a pilot study to guide a future large
scale study of repetitive loadings which is contemplated later. For this:
reason the same amount of emphasis was placed upon the evaluation of equip-
ment and procedures during the field test as was placed upon the study of
the fundamental relationships. Therefore, this study was basicly a pre-
liminary study to be used as a basis for follow-on studies which it served
well to accomplish.

' RESEARCH REPORT PUBLISHED

°

1. "A Study of Certain Elastic and Plastic Strains Induced in Flexible
Pavement Systems by Repetitive Wheel Loads".



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"The Correlation of Design and Operational
Characteristics of Expressways in Texas"

RP~9 s O
Research Study No. , Title
Charles J. Keese ‘ ‘ File D-8 ‘
Project Supexrvisor T.H.D. Monitoring Division
2—-14~57 1-20~-59
T.H.D., Contact Individual Date Initiated Date Terminated
£61.,588.33

- Total Funds Expended

BACKGROUND INFORMATION . ; 4
Because of the lack of sufficient information as to the inter~relationship
of certain design features and +their combined affects on certain opera-
tional characteristics, this research study was undertaken to explore the
operational characteristics and determine what features warrant specific
study and analysis. The City of Houston and the City of Dallas cooperated
in the project.

STUDY OBJECTIVE To determine +he correlation of the effects of certain
design features on the various operational characteristics .on expressways.

IMPLEMENTATION OF FINDINGS The results of this study serve primarily as

a basis for future follow-on studies and it has served well in the follow-
ing areas: 1. Keeping records with motion pictures. 2. Determining

" the criteria for volumes of traffic flow. 3. High volume flow in the
various lanes affect total volume. 4. Factors that affect speed in the
various lanes. 5. fThe influence of barrier fences, median barriers, and
placement in various lanes.

RESEARCH REPORTS PUBLISHED

“The Correlation of Design and Operational Characteristics
of Expressways in Texas"



RP-10 "stress Analysis in Field During and

Research Study No. After Construction of Special Prestressed
Compositel -Beam Span'
John M. Graham A File D-5
Project Supervisor T.H.D. Monitoring Division
1954 August 31, 1959
Mmooy et Ty Y N7 e e ] e N E N S« : .
T.H.D, Contact. Individual Date Initiatced Date Texrminated
$11,000.00
Totel Punds Expended .

BACKGROUND INFORMATION This was a full scale field test. "Prestressed
Composite I-Beam Design" in this case is simply jacking-up the individual
steel beams, a predetermined amount at the centerline of the spans and
holding the ends of the steel beams down with anchoxr bolts. The jacking-
up of the steel beams at the centerline of the span results in a tension
stress in the top flange of the steel beams and a compression stress in
the bottom flange of the steel beams. Shear devices are welded in place
on the ground with the steel beams in an unstrained position. The steel
beams are not jacked-up until all forms for the concrete slab are in plac
and the reinforcing stecl is in place in these forms. The weight of the
concrete slab and forms adds more tension in the top flange and more
compression in the bottom flange of the steel beams, due to this dead
load weight acting on the steel beams while they are temporarily shored
up at the center of the span.

After the concrete slab has attained about 85 percent of its 28 day
strength, the shores are gradually released at the rate of one-half inch

pexr hour.

STUDY OBJECTIVES The objectives of this study were as follows: 1. To

check the theoretical design calculated stresses and deflection with the
actual observed stresses and deflections. 2. To determine the effect of
shrinkage and plastic flow of the concrete slab on the prestressed com-

posite I-beam spans. During the final dead load test period, correspond-
ing morning and afternoon readings for stresses and deflections were made
to determine the effect on stresses and deflectiorsdue to heat storage ir

concrete during the day.

IMPLEMENTATION OF FINDINGS

-

The results of this study were used by designers in building bridges
of this type. The test proved that this type of bridge was very tough



RP-~-10
Page 2

and a rugged bridge, there was no excessive vibration, it showed
that the theory used in design was essentially correct, it indicated
improvement in design procedures, the test indicated that the design
of this type is economical, and lastly the test developed more
satisfactory construction procedures.

RESBEARCH REPORTS PUBLISHED

"Full Scale Field Tests of a Prestressed Composite I—-Beam
Bridge"~- Final Report ’



RESEARCH & DEVELOPMENT

ACCOMPLISHMERTS

"An Evalvation of Trinity River Aggregates
of Marginal Quality for Use in Portland

Rp—12 . Cemrent Concrete Pavements®
Research Study No. Title
T. R. Jones, Jr. . File D-8
Project Supsrvisor : T.H.D. Monitoring Division

‘ 1957 June 1959
T.HEL.D. Contact Individual Date Initiated Date Terminated.

Approx. S$16,000.00

Ty e = P o~ Pl
Teteal Funds Expended

BACKGROUND INFORMATION por many years. the Trinity River sand and gravel
deposits in the vicinity of Dallas have provided aggregates of excellent
quality suitable for making structural coricrete of the highest type.
Unfortunately, these deposits are being rapidly exhausted. In the same
general area, however, there is a large potential supply of concrete
aggregate which by certain standards are considered to be of marginal

or sub-standard quality. Much of the aggregate, as now produced, passes
all the current Texas Highway Department specifications for concrete
aggregate. However, pavement concrete made with the aggregate from certain
pits will not develop the minimum modulus of rupture of 650 pounds per.
square inch,as required by the spec1f1catlons, at normal cement factors.
Aggregates from some of the other pits produced marginal strengths and
frequently failed to pass.

STUDY OBJECTIVE It was the objective of this investigation to evaluate thes
materials that produced concrete of marginal and sub standard gquality to
determine the causes for the poor performance and to develop methods for
the detection and control of such deleterious materials as may be present. .
.8ome of the findings of this study have been implemented, including the
adoption of the "sand equivalent test" to control the relative proportions
of detrimental fine dust or clay like materials in fine aggregates.prurther-
more the requirements were established for sand, gradation requirements,
inspection requirements and establishment of the maximum limit for the

. proportion of materials with a specific gravity less than 2.45. all have
served their purpose in establishing requirements and specifications.

RESZARCH = "DO?{TS PUBLISHE

"An Evaluation of Trinity River Aggregates of Marginal Quality for Use in
portland Cement Concrete Pavements", Final Report.
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Rp-~14_ (HPS-1(21)) "Right of Way Acquisition Studies"
Research Study No. Title
. File D-15
Project Supervisor T.H.D. Monitoring Division
§~24-58 10-1-59
T.H.D. Contact Individual Date Iniltlated Date Terminated

Ve da

© BACKGROUND
The overall objective of this
Right of Way Division,
‘continuing review,

N LEANTON
INFORMATRION

Also, it was anticipated that findings might be of value in

appraising,
condemnation ca S@S.

STUDY OBJECTIVES

in dealing with property owners,

study was to furnish to the Department's
information which could be used in the Division's
evaluation and improvement of its various functions.
right of way
and in the prosecution of

I. To develop case histories of remaindexrs from partial takings
including subsequent values and uses. ' ‘

IT. To develop a file of case histories of representative remaindeérs
and a practicable system for keeping such a file up-to-date.

III. To determine comparative costs of acquisition by negotiation and
condemnation and the causal factors of condemnation.

IV. To determine the cost and time requirements of acquisition and the
factors bearing on such requirements.

V. To determine the most efficient and expeditious methods of paying
for right of way, appraisals and title expenses and processing
appraisals for eminent domain proceedings, preparing filings and
paying court costs.

IMPLEMENTATION OF FINDINGS

This study was
Department was
the results of

conducted during the time, essentially when the Highway
newly charged for acquisition of right of way. Therefore,
this study were valuable as a basis for a framework of

reference for this new responsibility.

T T Ty

p STHTAC
RS ivell NSFURYD

The report has.

B mT T
PUBLISHED

the same title as indiéated above.

.



RESEARCH & DEVELOPMENT
ACCONPLISHMERTS

RP-16 "Freeway Rawps and Interchanges"
Research Study Ho. Title
Charles J. Keese and Others Assisted File D-8
Froject Supervisor T.H.D. Monitoring Division

Paul R. Tutt January 1959 October 1862
T.H.D. Contact Individual Date Initiated Date Terminated ’
$70,8u8

Total Funds Expended

BACKGROUND INFORMATION There were four different phases of study included
in this effort. They were as follows: (1) Study of Freeway Ramps (2) Driver
Behavior and Its Relation to Ramps (3) Design and Signalization of Intersections
and (k) Design and Operation of Diamond Interchanges. The ramp study wss con-
ducted on freeways in Dallas, Fort Worth, Sen fntonic and Houston. The study
locations were specifically selected to provide data on various types of ramps
operating under different volume conditions.

Investigations have shown that many of the operational problems encountered at
freeway entrances are the direct results of undesireble behavior on the part of
the entering driver, and deviations from the intended use of the facility and
thus this phase of the study was conducted.

The at-grade intersection is one of the most critical elements of an urban street
system since it exerts the greatest single influence upon traffic operation. If
a high-level of service is to be obtained on urban highways and major arterisals,
proper design and signalization of the intersection on these facilities is impera-
tive thus this portion of the study.

There was a great need to learn more about the design and operation of the diamond
interchange and it was determined from this study that the traffic actuated volume
densitly control equipment was the most desirable for the use of signalized diamond
interchanges. :

STUDY OBJECTIVE The objectibes of the study were as follows: (1) the objective
of the freeway ramp portion of the study was to develop data on the operational

and traffic behavior aspects of the freeway ramps or operation in order to provide
the designer with data that will enable a coorelation of ramp design with the

human aspects relating to traffic behavior and driver requirements (2) the objective
of the driver behavior portion was designed to investigate driver behavior on free-
way entrance ramps under operational conditions (3) the objective of design and
signalization of high-type intersections was to study peak periods of traffic
demands. (L) The -objective of the design and operation of the diamond interchange
was to perform operational studies at an existing diamond interchange to evaluate
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STUDY ORJECTIVE,; continued

signal phasing arrangement and to study the adaptability of actuated signal eguip-
ment to dismond interchange operation.

IMPLEMENTATION OF FINDINGS As a result of the freeway ramp study, the Department
rvevised ramp design standards and some of the findings of the research on ramps
was included in the Design Manual published.

The driver behavior portion of this study was also a valuable guide in the help
{o design the manual. '

The third phase of this study that bhad to do with the studies of the cloverleal
and the three-level diamond interchange provided valuable data to the Department
vhich actually defined the advantage and disadvantages of the cloverleaf inter-
change under both high volume and low voluwe conditions.

Tt was determined from the design and signalization portion of the study that the
traffic actuated volume density control equipmenl was the most desireable for use
at signalized diamond interchanges. The overlap phasing arrangement ls adaptable
to actuated equipment and can accommodate large volume of traffic. Based on
these results, control eguipment is now available through commercial sources and
is in operation throughout the country. :

RESEARCH REPORTS PUBLISHED
(l) Driver Benhavior and Its Relation to Freeway Entrance Remp Design
(2) Freeway Ramps
(3) Design and Signalization of High-Type Intersections -

(h) Design and Operation of Diamond Interchanges



RE SEARCH ; VL AN
ACCOMPLISHMENTS

o

RP-17 o "Speed Zoning"

Research Study No. ' : Title

Charles J. Keese & Assistants ¥File D-18

Project Supervisor T.H.D. Monitoring Division
M. V. Greer ~ January 1959 October 1961

T.H.D. Con*“ct Individual Date Initiated Date Terminated

$36.729.11
Total Funds Expended

" BACKGROUND INFORMATION This study was!conducted in twoe phascs.  In the

first phase of the research project, comprehensive "before" and "after
studies were conducted in 186 spot speed study locations to determine
the effect of speed limit signs on traffic speeds. This large number of
studies permitted an analysis of the data for conditions when the speed
“Timits Were Thanged frow 60 down to 30 mph and--from 30 up to 55 mph in
increments of 5 mph.

The second phase of the study dealt with the fact of influencing the
drivers selection of speed. It has been found that the speed of an
individual vehicle is subject to considerable variations throughout a
given section of roadway. This is particularly true if the selection of
roadway is in an area of transition from rural to urban conditions. The

factors causing the variation in speed are enumerable.

STUDY OBJECTIVE The objectives of the study were as follows: 1. &an
evaluation of the effectiveness of speed limits establlshed on the

basis of 85—~ percent type of speeds. 2. The second phase objectlve of
the study was the evaluation of factors influencing the driver's selection

of speed.

'IMPLEMENTATION OF FINDINGS This study was very useful to the‘Department

in,validating the proceﬂures of establishing speed limits.

RESEARCH REPORTS PUBLISHED
1. Vehicle Speed and Placements Serv1ng on Two-Lane Rural

Highways
2. Vehicle Speed and Placement Survey on Two—Lane Rural.

Bridges.
3. Freeway pridge vehicle speed and Placement Survey,
4. A Study of the Factors Influencing Traffic Speeds.



RESEARCH & DEVELOPMED
ACCOHMPLISEMENTS

The Effect of Curing Alir Content and
Type o@- \gzregate Upon Certain Physical

RP-19 Properties of Concrete
Research Study No. Title
J. R. Jones, Jr. D-5 and D-8
Project Supervisorn T.H.D. Monitoring Division
Charles Matlock and ¥. M. McCulloush Hovember 1959 October 1961
T.H.D. Contact Individual Date Initiated Date Terminated
$39,663.12

Total Funds Expended

BACKGROUND INFORMATION fThe research was directed tovard a study of curing
Portland cament concrete and the physical properties of concrete at early sges.

The portion of the study dealing with curing concrete dealt with the following
aspects: (l} Physico-chemical aspects of curing; (2) Importent physical properties
of cement paste, aggregate and concrete; (?} FPlacing and finishing concrete;

(4) Curing methods and (S) Curing periods. The portion of the study dealing

with physical properties of concrete at early ages was directed toward the follow-
ing: (1) Batching and molding specimens (2) Curing of specimens (3) Flexural
strength (4) Compressive strength (5) Bond strength (6) Tensile tests (7) Modulus
of elasticity (de¢mlc) (8) Shrinksge, coeff1c1pnt of expansicn and contraction

and (9) Extensibility

STUDY OBJECTIVE The overall objective of the study was as follows: (1) to
study what happens to a batch of concrete from the time the mixing water is added,
and (2) to gain an understanding of the physical properties of concrete at early
ages.

IMPLEMENTATION OF FINDINGS The results of this study have been useful as
a basis for specification writing and follow-on research

RESEARCH REPORTS‘PUBLISHED

(l) A Report on the Physical Properties of Concrete at Early Ages
(2) A Report on the Curing of Partland Cement Concrete



RESEARCH & DEVELOPMENT
ACCOMPLILSHMENTS
\
\
Dﬂvc]@p nent of Traffic Survey Device
RpP-21 Tor Counting H‘g way Traffic
Research Study No. Title
E. N. Roots, Jr. D-10
Project Supervisor T.H.D. Monitoring Division
Reed Baker November 1959 October 1960
T.H.D. Contact Individual Date Initiated Date Terminated

$6,32h.55
Total Funds Expended

BACKGROUND INFORMATION The Highwey Department was in need of a reli@hle
compact portable detector to be used with a traffic survey system. The system
used during that time was a delection QGVJCG using a road tube having dlgaavann
tages which it was desired to overcome., The disadvantages were that it vas
difficult to instsl 1, mazni‘nancv vas a problem over a long period of time under
heavy traffic, and it was visable to motorists.

Preliminary studies had indiceted a need for detsiled investigation of the eflfeci-
iveness of a detector in picking up infar Ld radiation by the heal genersting paris
of a vehicle to make such an instrument useful to highway survey tabulations.
Conseguently, two.detectors were designeq and tested. One was a photo-conductor
type using two mdéhed lead sulfite detectors in & balanced bridge circuit. The
other was a Photoelectromagnetic type detector using an indium antemonite crystal
in a magnetic field as the detector. The latter of these proved to be the most
effective detector.

STUDY OBJECTIVE The objective of this investigation wvas "to determine the
feasibility of design of a detector to overcome a limitation of air impulse road
tubes used in traffic survey systems'. :

IMPLEMENTATION OF FINDINGS It was determined in the test that the infrared
detector system was feasible and would overcome some of the limitations of the

area pulse road tubes. Furthermore, the study pointed the direction that further
development should go in the event that the Department was interested in doing so.

RESEARCH REPORTS PUBLISHED

(l) Development of Traffic Survey Device

(2) The Design and Construction of an Infrared Detector for Use with a
Highway Traffic Survey System



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

23 "A Study of Factors Influencing the
rRe ewch Study No. Performances of Flexible Bases"
Title
Larry H. Dellon
Project Supervisdr T.H.D. Monitoring Division
November 1960 October 1962
T.H.D. Contact Individual Date Initiated Date Terminated

$27.226.18

Total FPunds Expended

BACKGROUND INFORMATION-Engineering evaluation of the strength of
aterlgls and related properties is based on progressively increasing
the stresses to produce failure. Many instances exist that make the
normal procedure inappropriate due to repetitive stresses, application
and releases. Noteworthy illustrations of this or the materials com-
prising the pavements and subgrades of highways and airfields which
experience stress, applications and release due to moving vehicles or
aircraft. The research reported is a continuation of research accomp-
lished by other students at A & M University and is intendedto serve ‘
to partially fulfill the gap of engineering knowledge.

STUDY OBJECTIVE The research performed in this study was concerned
with the influence of repetitive stressing on the strength properties
and accomplishing deformations of a coarse, well graded angular sand
manufactured for the purpose.

IMPLEMENTATION OF FINDINGS

This study was designed primarily to fill the gap in knowledge available
for a basis for follow-on studies.

RESEARCH REPORTS PUBLISHED
wffects of Repetitive Stressing on the Strength and Deformation of an

Angular, Coarse Sand"



& DEVDLOPMENT

& CCC“; LISHMENTS
RP-25 4 "pile-Driving Analysis bv the Wave
Resaarch Study No. BEquation" Title
Charles H. Samson, Jr. File D-5
Project SuUpervisox T.H.D. Monltoring Division
Horace C. Hov October 1960 Octobexr 1961
TLUH.D. Contact Individual Date Initilated Date Terminated

BACKEROUKD INFORMATION The effort of this study was concentrated on the
development of a computer program based on the pile driving analysis by
the wave equation developed by Mr. Eal Smith.

STUDY OBJECTIVE The objective of this program was to provide the
engineer with the mathematical tool of which he could investigate
the behavior of a pile during driving.

IMPLEMENTATION OF FINDINGS This study served primarily as a basis
for follow~on study in this area. Additionally, the program that

was developed was used in ‘trying to determine the cause of difficulty
experienced in prestressed concrete piles. Additionally, the study
results served as a basis for developing specification sheets used in
driving precast concrete piles.

P e s

RESEZARCH REPORTS PUBLISHED
"pile-Driving Analysis by ‘the Wave Equation"
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RESLEARCH & DEVELOPMENT

ACCOMPLISHMENTS

RP-27 "Pile Behavior Duxing Driving®
Resecarch study No. Title
7. J. Hirsch File D=5

Project Supervisoxr ' T.H.D. Monitoring Division
P. C. Bundy October 1961 Octohey 1962
T.H.D. Contact Individual Date Initiated Date Terminated
$13.,411 .98,

Total runds Expendad

" BACKGROUND INFORMATION Fox several decades engineers have been seeking a
method of analyzing the stresses produced in piles by the impact of the
driving hammer. In the past engineers had to rely strictly on experience
and judgment in designing piles and evaluating the effectivenss of variou
types of driving equipment on these piles. With the advent of the compu e
and a method of analysis, it became possible for the solution of this
complex problem. It has been estimated that a single engineer using an
ordinary desk calculator would have to work for about eight months to sol
only one simple problem of this type. With the methods now available to 1
it takes about’ one minute. \ -

During the process of driving piles, considerable breakage was being
experienced. Therefore, it was hoped that this study would help deleviate
this problem. -

STUDY OBJECTIVE The objectives were as follows: 1. Develop methods of
instrumenting prestressed concrete piles under field construction conditic
with strain gauges and deflectiometer to measure actual stresses and dis-
placement during driving. 2. Use this information to obtain limited fie]
data during construction. 3. Obtain soil samples from the construction
'site to evaluate foundation medium. 4, Correlation of field test
data with the theoretical computer solution.

IMPLEMENTATION OF FINDINGS In general the computed stresses were in good
agreement with the measured values determined under actual conditions. By
using judicious engineering estimates of the dynamic properties of the
materials involved, computer program can now be used to predict the maximu
compressive and tensile stresses to be expected during driving. Specif-
ically the information resulting from this study was a great factor in
establishing specifications. (As a result of this study, the Department
does not have the problem of .breaking piles during driving that they had,
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and which generated the reason for the study.) Additionally, thi
study made it possible to specify the proper hammers to use, the
type of rams or velocities and cushlon specs.

RESEARCH STUDY REPORTE PUBLISHED

"Stresses in Long Prestressed Concrete Piles During Driving":



RESEARCH & DEVELOPMENT
"~ ACCOMPLISHMENTS

"A Portable Electronic Scale for

§4i0—63-54 o Weighing Vehicles in Motion"
Research study No. - Title
:Dr. Clyde E. Lee , ‘ File D-10
Project Supervisor - T.H.D. Monitoring Division
George Carver . ' 1963 ' 1968
" T.H.D. Contact Individual - Date Initiated = Date Terminated
$36.,226.30

Total Funds Expended

BACKGROUND INFORMATION e ‘ . o
The need for an efficient method of weighing the wheels of a moving
“highway vehicle is pressing, particularly since high speed, con-
trolled access highways'have become a reality. lon*roaQS such “as
our Interstate Highway System, it is no longer safe nor feasible to

Stop vehicles on widensd shoulders™for weighing and measuring.

STUDY OBJECTIVE

The objective was the development of a completely portable scale

for weighing highway véhicles in motion. The system was to provide .
reliable data:.as to wheel loads, vehicle speeds and axle spacing.
Information was to be: presented in digital form ready for analysis
by digital computer. SR S s R

IMPLEMENTATION OF FINDINGS | *
A highly successful wheeleload transducer has been produced and tested
under laboratory and,field;conditions and a recording system is being

developed undergCOntraet by thevDelco;CQrp;‘
(SEE ATTACHED)
RESEARCH REPORTS PUBLISHED -

~Research Report 54-1F "A Portable Electronic Scale for
' : "~ Weighing Vehicles in Motion"



~Texas Highway Department

Form 433-8

TO:
~FROM:

SUBJECT:

~of the study results, by the Department,

INTEROFFICE MEMORANDUM

Mr. R. L. Lewis

J. T. Wright

Research Study No. 3-10-63-54 D~%'
"A Portable Scale for Weighing
Vehicles in Motion"

<,

Reference your memorandum of Webfuary 14, 1969, relative
suoject research pr-iect. The final report on this pro-
ject has been completed and distributed. Implementation

is discussed as
follows:

L. The development of a portable scale transducer
for weighing in-motion vehicles was accomplished
and is furnishing satisfactory results. Changes
in the physical construction of this transducer
would be desirable in order for it to withstand
the constant abrasion of high volumes of traffic.
Overall, however, the scale transducer has been
developed to our satisfaction and also satisfied
the requirements of the research project.

2. The equipment necessary to record the weight data

' needs refinement in order to obtain usable results
in a more economincal manner. The present equipment
is very complicated and requires a considerable
amount of computer time in order to obtain the final
weight results. Investigations are being made at
this time by both the Center for Highway Research
at the University of Texas and by this division to

walleviate the problem.

A number of weight operations are being planned for the very
near future utilizing the completed scale system as developed
by the research project. These data will be used in connection
with Research Project 131 relative to the frequency distribution
of axle weights by truck type.

The transducers and recording equipment developed by Project 54
are also being used to obtain data for Project 108.
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RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

Critical Mechanical Properties

3-8-63-55 of Structural Lightweight Concrete
Research Study No. Title

J. Neils Thompson File D-8

Project Supervisor T. H. D. Monitoring Division

B. F. McCullough 1963 1965
T.H.D. Contact Individual Date Initiated Date Terminated
$25,960.97

Total Funds Expended

BACKGROUND INFORMATION

In this study Critical Mechanical Properties of Structural Lightweight Concrete
were determined and utilized in the evaluation of the design of concrete pavement.
Also considered were the Cricital Mechanical Properties resulting from unrestrained
and restrained volume changes. Furthermore particular attention was given to
compressive. direct tensilé, and indirect tensile (split cylinder) strength at
various ages of the concrete.

The critical properties determined in this study indicate that concrete pavements
can be designed with lightweight concrete and that expected performance in regard
to the effects of warping stresses and pavement deflection will be better when
lightweight concretes are used. However, the effects of restrained volume changes
of lightweight concrete on pavement performance can be detrimental if improper
curing, or curing for too short a time, occurs.

STUDY OBJECTIVE

1. To determine the relatioénshiprbetween Critical Mechanical Properties and
Age for Structural Lightweight Concrete.

2. To study the volume change ¢haracteristics in unrestrained Structural Lightweight
Concrete.

3. To explore the critical mechanical properties of structural lightweight concrete
and the effects of these properties on the design of the pavement structure.

IMPLEMENTATION OF FINDINGS

This study was very useful to the department in that it provided background
information and developed confidence for using lightweight aggregate. Additionally
it served as a base for Research Study No. 2-8-65-81 entitled "Synthetic Aggregates
Research". Since the completion of this study the use of Synthetic Aggregate has
continued to increase and generally satisfactory results have been experienced.

RESEARCH PREPORTS PUBLISHED

55-1 Relationship between Critical Mechanical Properties and age of Structural
Lightweight Concrete.

55-2 Volume change in unstrained structural Lightweight Concrete

E5.3F Critical Mechanical Properties of Structural Lightweight Concete and the



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

‘ _ ' -+ "The Effects of Off- Ramps on
2-8-63-59 . ‘ Freeway Operation"

Research Study No. R : Title
' MW. R. McCasland ;V ‘ File D-8
. Project Supervisor ' o T.H.D. Monitoring Division
P. R. Tutt | ” 1963 S 1965 ,
T.H.D. Contact Individual = -  Date Initiated ' Date Terminated
. ﬁ |
$20,459.82

Total Funds Expended

 BACKGROUND' INFORMATION - N R
" Studies have indicated that the off—ramp 1s aacrltlcal element of

an freeway facrllty -and contrlbutes srgnlflcantly te both de31rabka
“and’ unde51rable Operatlons., If maxrmum eff1c1ency 1s to be f‘;
. obtained from a freeway, the off-ramp must -be-located, designed - -
~ and operated to- minimize any adverse - affects on maln lane freeway Spes
if~\flow and to permlt max1mum utlllzat;on of the facrllty.f After.
consrderable consrderatlon of the problem, the deflnltlon of several
- factors of off ramp locatlon, des1gn and operatlon that could affect
" the operatlon of freeways was. determined.. These factors are enumerated
~as follows: 1. Deceleration dlstance.'fZ; Off- ramp capaclty._ii'
3. Short trip generatlon."4;7 Weav1ng maneuvers.; 5,‘ Access control
6. Access prov1sron..,;‘f' L o Vo e DR :

: ‘Research on the ' off ramp progect was dlrected,toward an 1nvestlgatlon
- of each of the above factors. S S ARG ~ S

'STUDY OBJECTIVE' RS S TG e
‘To evaluate the effect on freeway operatlon of-7‘l“:Frequehcy of'off~
ramps. 2. Various arrangements of’ off-ramps.(. TOtal effect of
off ramps. : o il

'IMPLEMENTATION OF FINDINGS.[T‘["' R SIS e ' o
The flndlngs of this study served the Desrgn Englneer 1n brlnlng about
a better understandlng of the problem.;f :

"RESEARCH REPORTS PUBLISHED

59-1 "The Effects of Off—Ramps on. Freeway Operatlon ‘as Related»'
2 ’ to Deceleratlon Dlstance and Off—Ramp Capacrty ‘
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2-8-63-59

"The Effects of Off-Ramps on Freeway Operation as

59-2
Related to Short Trip Generation Weaving, Maneuvers
and Access Control"

59-3 "The Effects of Off-Ramps on Freeway Operation as

Related to Access Provisions"®

59-4F "Effects of Off-Ramps on Freeway Operations"



RESEARCH & DEVELOPMENT

. ACCOMPLISHMENTS
2-8-63-60 ‘ : - "praffic Assignment"
Research Study No. N : Title
R. L. smith o o
» D. C. Cleveland S File D-8
‘Project Supervisoxr ~.~© ° T.H.D. Monitoring Division
Joe Wright 1963 ,f?j‘ 1967
. T.H.D. Contact Individualz,“g Date Inltlated Date Termlnated
~ $83,000 i
T

Total Funds Expended

BACKGROUND INFORMATION : L St - =
The avallablllty of raprd computlng machlnes has stlmulated

kthe 1mprovement of" technlques for. forecastlng the usage “of planned‘

";hlghway networks.a The forecastlng problem cons1sts of- two parts-’

y‘predlctlon of 1nterzonal lnterchange, de31res and ass1gnment of

_these desrres to a nghway System._ The research was dlrected toward,j'

fthe second of these areas generally called trafflc aSSLgnment. o

STUDY OBJECTIVE ’“‘f*"'”“ ”“*’“‘““‘7?“ | _kx'i;“ , S
- The general objectlves of the research study was to’ 1nvest1gate~~

' }an improved technlque Lof forecastlng future use: of urban hlghway
systems as related to the ass1gnment of trafflc.g i ~

‘ IMPLEMENTATION OF FINDINGS R R o s S
This studrlncluded both trafflc ass1gnment and trlp generatlon,gy
developed the Large Systems Trafflc Assrgnment Package “which 1s ‘the
only one of its kind in ex1stence.r Thls made it pOSSlble for us to-.
‘assign ex1st1ng and future. trafflc to varlable systems w1th1n the
Dallas-Fort Worth area. ThlS could not have been’ done w1thout the,'
development of this program package and the methodology developed
by this. study.p This same pro;ect made 1t posslble to refine and
improve on ex1st1ng Bureau of Publlc Roads assrgnment technlques?~
for smaller areas. - -The basrc 1mprovements were in both man power 3
crequlrements for preparatlon and ln actual computer runnlng tlme. ‘

RESEARCH REPORTS PUBLISHED

2-8-63-60 - "Trafflc A5519nment",fif5‘°“““”’

60-3 - ”nTrafflc A351gnment Plot Systems for IBM 1401
. : '“?daand IBM 709 90 94 Data Processrng Systems"k;

:60-4 [.Ttly4“t"Utlllzatlon of Computer Plottlng 1n Trafflc
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2-8-63-60

60-5 - "Operating System Manual for Revised
Texas Traffic Assignment System"

60-6 - "User's Manual for the Texas Large
systems Traffic Assignment Brograms'

60-7 - "availability of Secondary Data for
Determining Employment and Sales by
Traffic Zones"

60-8 - nThe Effect of Zone Size on Traffic"

60-9 - "Manual of Texas Traffic Assignment
Practice"

60-10 - "The Effect of Turn Penalties on Minimum
Paths in Coded Street Networks"

60-11 - "Ooutline of a Proposed T.H.D. Trip
Distribution Model"

60-14F -~ "Summary Report on the Traffic Assignment

Study"



= ;Pletlng the study.,,-

RESEARCH & DEVELOPMENT
ACCOVLPL.LSHMEWS N

\ ‘ R "Development of Instrument for Non-
‘ ) ‘ . Destructive Measurement for Concrete
1-9-63-61 : Pavement Thickness" :

' Research Study No. o R : Title
W. H. Moore D9
Project Supervisor L T.H.D. Monitoring Division
W. H. Moore 1963 S 1967 o
. 'T.H.D. Contact Individual ' - - Date Initiated"? : ‘Date Terminated
- $3,595.55 :

Total Funds Expended

" BACKGROUND" INFORMATION A Ton- destructlve test method for measurmg “the ‘
" thickness of concrete: pavement is sought in the mterest of economy and to ~
: eliminate coring: aﬂassoc:Lated structural da.mage. A study of such a device S

“using ultrasonlc waves 1s ‘described. in this. report.: A s:.mjpllfled dlscussion BIPRE
- ..of ultrasonic wave phenomena preceeds A general descrlption ‘of the electronic :

- equipment used in this study. Since much of the dlfficulty of bulldlng such ‘a o
device was found to lle with: transducer development y a detaaled explanation of. -
- the study superv1sor 8. progress in this: direction is covered. - ‘Due; to limited =
- ‘manpower problems this study unfortunately had to be d:.scontlnued before com— S

STUDY OBJECTIVE It was proposed to develop a.n electrom.c kinstmment employ-
ing mechanical vinra.tzlons of ultra~sonic frequency, whlch’would indicate the B
thickness of concrete pavement. T A e B e S

IM.PLEQ’*&.ENTATION OF FINDINGS This study:] as‘reported wlll be useful to o
‘anyone contmuing thls study. e U e e e =

"RESEARCH REPORTS PUBLISI‘IED

'61-1F "Development of Instrument for Non-Destructive Measurement for P
‘ 4 Concrete Pavement Thickness o B RS L R » .




RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS
L _1-5-63-62 ~ Insulation of Bridge Decks"
Reseaxch study No. c R Title
: Larry Walker ‘ ;' : File D-5
‘Project Supervisor ot T.H,D. Monitoring Division
Larry Walker f 1963 ;’? | 1967

~'p,H.D. Contact Individual'.,* Date Inltlated Date Termlnated

S 649.98
ota l Funds Expended

. BACKGROUND INFORMATION =~ - i = R Lo
(fThlS study ‘was . conducted on: U S nghway}87 over the Fort Worth and,ki;,n
. Denver: Rallroad in Wichita Falls, Texas-f~The ‘west" structure was. -

",lnsulated w1th sprayed Urethane foam 3/4;1nch thlck for the south~

. “one half and one and one fourth inch for the north One half.A‘The‘“ o
V;;adjacent structure was not 1nsulated and?served as a control ERR
o structure.k'{ﬁ,“,t_ LR . v X IR B ¥ Lol L Pl
,Temperature data were collected for varlous locatlons wrthln the o
bridge slab and analyzed Results of this - and analysrs show that7;'
there was no reductlon ln the number of freeze thaw cycles due to
the .insulation, however, the average freeze thaw cycle length forf B
the -top surface of the 1nsulated slab between I—beams was approxrf ‘
mately two hours shorter than the cycle length ormthetunlnsulated o
slab. i B _ L L

STUDY OBJECTIVE : . S ool . ;
- TO 1nvestlgate the effectlveness and economlc feasrblllty of in=
- sulating the underside of’ the brldge deck to prevent the ‘formation
of ice on the slab surface prlor to such formatlon on ‘the adjacenthv“
highway pavement and to decrease. the number of freeze—thaw"‘ :
‘cycles, thus mlnlmlzrng the need for applylng de1c1ng salts.

‘IMPLEMENTATION OF FINDINGS : ' Sl T
This study, indicated what not to do, and that 1s, the results showed

 that insulating the underneath side- of the brldge ‘deck w1th sprayed
Urethane foam did not s1gn1f1cantly reduce the number of" freeze—thaw

- cycles of the brldge deck;, or materlally ard 1n preventlng the formatlon
of ice on the top surface of the deck. ' R, / :

RESEARCH REPORTS PUBLISHED

62 1F "Insulatlon of Brldge Decks for Ice Preventlon and -
.- Reduction of Freeze-Thaw Cycles" St , ;



RESEARCH & DEVELOPMENT * - . -~ oz
ACCOMPLISHMENTS - : SR

. .. "pPreparation of Geologic Information' .
1= 8 63-63 SO for Use in the Texas Highway Department"‘
Reseaxrch Study No. IR D B Title ! sl

H. A. Henry ‘ «
C :_James L. Brown N D-8 5
‘Project Supervisor S 4)';-.?? T.H.D. Monitoring Division
. Henrv and James L. Brown ' 1963 1968

. T.H.D. Contact Individual: "DateyInitiated 'Date Texr, wated

$66,276.76
Total Funds Expended

© " BACKGROUND: INFORMATION ' : o SEE T T e
S At the time this study was. started there exxsted a. need for a ﬁ*'*_,
?' complete geologlc reference’ developed expressly for: hlghway engineers .- .
”ﬁ~wh1ch would De’ lmmedlately avallable for use 1n route studles, locatlon,ﬁf
7 design, constructlon and maintenance. The ex1st1ng work whether a~ ./ =
ﬁ;:small area .base" mater;al 1nvestlgatlon report ‘or .a- larger area- dlstrlct‘
A,;*geologlc report ~all. needed ‘to be sugiemented by addltLonal 1nvestlga—' %
_j;;ftlons and developed 1nto a standardlzed publlcatlon.u The economlc S
‘;,value of the englneerlng geologlc work done-tondate;, C ir
“purposes in the’ Texas nghway Department‘was well documented
" Engineers had begun to:usethis tool and, WOU
if lt were moreﬁreadll‘ avallable."

S”UDY OBJ“C”lV“

-To correlate all avallable rnformatlon from exxstrng geologlc maps,,ﬂ*“:
‘written reports and 1nvestlgatlons,'materlals and test reports of.
.- examined samples, soil maps, behavior : studles of ex1st1ng roadways and
-~ make field and laboratory lnvestlgatlons needed to prepare a complete }
highway . englneerlng geologlc study for“certal' of the State-, f{<~v¢

xﬁ')IMPLEMENTATION OF FINDINGSf¥

S tudy have been used
oY in the fleld_asyplanned : ' RN

'RESEARCE REPORTS PUBLISHED 1’6;,Qg?'*




iPage 2
RESEARCH REPORT 1-8-63-63

63-2 "The Surface Geology of Related Soils of District 2
and Associated Maps"

63-3 "Geology of Texas Highway Department~ District 11"




' IMPLEMENTATION OF FINDINGS

RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"An Analysis of the Availability of Economic

2-8-63-64  1 .~ Base Information in 19 Urban Areas in Texas”17
Research Study No. S Title |
C. V. Wootan S D-8
‘Project Supervisoxr ; o T.H.D. Monitoring Division
o W. F. Frey | 1963 ;;“;' 1964 .
. T.H.D. Contact Individualfgcj~ Date Inltlated Date “ermlnated

~$5,487.20
- Total Funds Expended

BACKGROUND INFORMATION . One of the requirements in the development of ‘an urban
~transportation system-is that. an analy81s be made of the. avalleblllty of . economlc j'
- base information’ ‘for the: urban area under- con81deratlon. After which thls infbrmation
.7 is used in making the. economic ‘base study’ required for: the development of an.urban
/ ‘L;transportatlon system., Thls study included 19f0f the magor urban-areas 1n Texas,ﬁﬁ"

STUDY OBJECTIVE The ob,ject;we oi‘ this study was. ﬁo dete whether the economic
base information could be obtained in various fields: of inquiry; as well as to p01nt
5 out areas in which there was not- adequate publications o support en economic base O
- study. Furthermore, the study 1ncluded only publications avallable in the specific ‘
urban areas being surveyed — , Sy AT L ; S '

- In general,. thls study served the purpose for Wthh 1t wasylntended and was. used =
‘ in maklng the base economic studies requlred.:é;g”‘i~'» S , ”

"RESEARCH REPORTS PUBLISHED

Flnal Report = “An Analy31s of the Ayallabillty of Economic Base Informatlon o
; : w! In 19 Urban Areas 1n Texas e . :



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

: ) : L "Analysis of Access Violatione on Contrclled
2-18-63-65 : :  Access Facilities" : c

Research study No. o S ‘ Title
Charles Pinnell C D-18
Project Supervisor o T.H.D. Monitoring Division
: Roger Spencer ' 1963 “} : 1969
. T.H.D. Contact Individual‘“;~>1 Date Initlated Date Terminated

$’4‘)88h'-95
~ Total FundsVExpended

BACKGROUND ' INFORMATION | Ebcperience has show‘n us that it is not enough merely to

‘build freeways but that. we must deliver to. the. public safety, comfort and convenience.}*:

Furthermore, that the- freeway must- have a high degree of operational attentlon .
- Control of: access, one feature of. freeway de31gn, 1mplies that ‘the: rlght o llght,,f
Salir, view, and access are controlled by’ public authorlty.‘ However, there were

"7,1nd1cations thet the ‘access control feature of ‘design was being: v1oleted -and. thet

v additionel controls were required to 1nsure access control;n

For thls reason, this
- study . was 1n1tiated‘:' e L ;

. " The general obJectives of thls study was togdetermine the exteni
and causes of access violatlons on: controlled eccess facilities; ‘and 1o, pr0v1de deta
that would be useful 1n controlled ex1st1ng access v1plations and in anticipating end

- eliminating future violations. In. detail, the specific obgectlves Gf the study was
as.follows: (1) to catalog the ‘type of. access violations on controlled access
facilities. (2) to determine the extent and causes of access violations. (3) 1o

‘,determine the effectiveness of various design and control features presently being
utilized to prevent access v1olations. T , -

-

IMPLEMENTATION OF FINDINGS 'Ihe objectives loff this study were attained a.nd

‘the results have been timely, very useful and wortnwhile. Spec1ficelly, the study

results were used to help define the problem; . 1dent1fy corrective measures required
~and to determine indicate& optimum solutions.y,3<¢ P AR A

'RESEARCH REPORTS PUBLISHED 7*/
5 65’lF ' Analysis of Access Violations on Controlled Access Fac111ties ;;

,‘.




RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

2-15-63-66 "Frontage Roads and Economic Development"”
Research Study No. Title |
Hoy A Richards File D-15
Project Supervisor o T.H.D. Monitoring Division
W. O. Threadgill 1963 1968
T.H.D. Contact Individual - Date Initiated  Date Terminated

$101,993.87
Total Funds Expended

BACKGROUND INFORMATION

At the time this study was undertaken the State was deeply

involved in the .design and construction of the Interstate High-
way System. It was widely recognized'that this massive facility
would have a significant impact upon the present and future ,
economy of the State. The exact nature and extent of this impaot
_however, could not be accurately estimated - on the bas1s of previous
experience with older type facilities. ‘

This study was par£ of an overall research program designed to
provide information to the Department to assist in decisidn
making concerning new highways. /

STUDY OBJECTIVE

To determine the influence -that the Interstate Highway System
of Texas has on the location of industrial activity within the
‘geographlc areas served by the facility. More specifically the

\«éstudy was -intended to. provide information about the lmportance
of frontage roads on industrial plant locations.

IMPLEMENTATION;OF FINDINGS

~ This studyvserved management in a general way as related to the
objectives stated above. ‘

 RESEARCH REPORTS PUBLISHED -

1. Interim Progress Report - "Frontage Roads and Economic Development"

2. 66-2(F) - “Frontage'Roads and Plant Location"



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"Establishment and Maintenance of Vegetation

2-18-63-67 on Highway Right of Way"
Research Study No. ' 7 Title

Dr. Wayne McCully . File D-18

Project Supervisor T.H.D. Monitoring Division
Mr. Roy Rodman September 1963 fugust 31, 1969

T.H.D. Contact Individual ‘Date Initiated Date Terminated

$98,325. 7k
Total Funds Expended

BACKGROUND INFORMATION A vegetative or other cover is required for soil
stabilization on the unpaved portion of the highway right of way. Such a cover will
prevent the re@ccurrlnﬂ maintenance resulting soil_ erosion on slopes and in ditches.
Vegetation shodld be used where possible as an alternative to concrete rip rap to -
cover the faces of slopes. Spec1flcat10ns exist for establishing vegetation, either
by seeding or sodding in eastern Texas and by seeding in western Texas. These ,\f
specifications have evolved largely as a record of experience, and from a good base.’

- Failures occured frequently enough so that a study and refinement were necessary.

STUDY OBJECTIVE (1). To compare and improve specified methods of erosion control
by determining requirements, planning materials and procedures for establishing a
vegetative cover on finished slopes and other areas subject to soil erosion. (2) 1o
adapt recommended agricultural methods of plant control to highway requirements.

IMPLEMENTATION OF FINDINGS

(See Attached Memorandum from Mr. Archie J. Sherrod to
Mr. Robert L. lewis, dated March 9, 1971 regaralng this
study 1mplementatlon of results).

RESEARCH REPORTS PUBLISHED
67-6 'Promotlng Establishment of Vepetatlon for Erosion Control"

677 Establlshment of Bermudagrass Seeded w1th Annual Ryegrass
67-8F "Erosion Control on Roadsides in Texas'



Tex High y D t t | 17407125
Xas ghwa epartmen S,
® P 4 12569—50m

INTEROFFICE MEMORANDUM

TO: -~ Mr. Archie J. Sherrod Datepap, 19, 1971
FROM: R. L. Lewis Responsible
SUBJECT: Regsearch Study No., 2-18-63-67 Desk ...p=5 R

"mstablishment and Maintenance of Vegetation 750.67
on Highway Right of Way"

As you are aware, the above subject study was completed
some time ago. Undoubtedly some of the study resulits
were implemented during the progress of the study and
since that time. A record of this information is
essential for the evaluation and improvement of the
Department's effort.

It is respectfully requested that a statement be pre-
pared for the official record and evaluation regarding
the effectiveness of the study, your suggéstions re-
garding improvements in operation, administration,
research procedures, and to what extent the research
was implemented. Also, if possible, your estimate of
the economic impact the results have had or will have.

Your usual early reply regarding the above will be
- appreciated.

by /

IKM: j oSk



Texar Highway Deprriment 474071255 —50m

Form $33-8

INTEROFFICE MEMORANDUM |

Date  March 9, 1971

TO: Mr. R. L. Lewis
FROM: Archie J. Sherrod | Responsible f Vki;x;;?
I B R
SUBJECT: Research Study 2-~18-63-67 {7 Desk .D=18=T. ... -
Establishment and Maintenance of Vegetation e o
on Highway Right of Way ',;,fg '””“V§V/f

: : i

b et s {

Reference is made to your memorandum of February 19, 1971, relative to evaluation of the study
results for the above designated research project.

As a result of the experimentation that was conducted in the use of chemicals to control the
growth of Bermuda and Johnson Grass in base material, we were able to prepare a specification
that permitted the application of these chemicals prior to the placement of the asphalt sur-
face. This specification has been used rather widely by D-8 in treating the flexible base
material that is infested with grass. It was also proved that the treatment of the base
material prior to the surface application was not a permanent solution to grass growing
through the asphalt surface. After a period of approximately three years grass encroaches
from the edge and also it will grow in dry weather cracks that have occured in the surfacing.
Since the control of grass encroaching primarily from the edge proved to be a maintenance
problem this has necéssitated a periodic treatment with the edge of the pavement and 6"
beyond to prevent the encroachment. This project provided us with the most information for
us to select two chemicals that are relatively safe for our use that will not cause damage
or pollute the adjacent property. We used approximately one million pounds of ammonium
sulfamate and five million pounds of sodium TCA. 4

In our experimental work in seeding for erosion control, methods were proved whereby seeding
can be satisfactorily used to establish a vegetative cover. A specification has been
developed for the entire state as a result of this work. This specification has been used

in numerous contracts in the past two years and the cost per square yard for this work has
been approximately one-half of our sodding for erosiom control costs. It was felt that

after a period of say three to four years that all of our right of way was a mixture of
native and acclimatized grasses regardless of what had been planted. This has led us to

the development of a seeding mixture for our work. This particular study provided us with
the information necessary to adopt and modify our highway mowing standards which has resulted

in a ‘savings to the Department

In all of our experimental work in the field we placed these experiments on areas of the
right of way of a sufficient size and used methods that could be followed in highway con-
struction. These tests were placed in each of our highway districts under field conditions.
Personnel at the districts were made aware of the tests and were able to observe the results.

Work on this project necessitated imput from several disciplines such as soils, chemicals,

agronomy and pathology, all of which was correlated for the benefit of the project. This

project we feel has been very beneficial and has enabled us to make rational decisions

relative to pollution that has become so much concern. We think that the Department is

accomplishing its erosion control, temporary and permanent, at much less cost and we feel

damaging the adjacent property owners-less.as.a.result of this work,
J B a1 ; : §

@ i Z
=

sod gl T
o & U

RSR/ jbk



RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS
2-5-63-68 E B : Sign Support Structures
Reseaxch Study No. B e ~ Title
-C. H. Samson ?‘ D-5 :;3; Qo

L

Project Supervisor T.H.D. Monitoring Division

Dr. Ieon Hawkins " Sept. 1, 1963 f3f7 August 31, 1966

‘T.H.D. Contact Individual =~ Date Initiated ﬂl~Date Terminated
$102,895.11 e

3% Total Funds Expended

BACKGROUND INFORMATION Large 51gns are necessary to prov1de adequate slgnlng for
‘today s high—speed freeway traffic: These are p031tloned over “the roadway o _near the

j ' ‘edge of the pavement because of the. complex1ty of multllane facilities and. trafflc:
- operation thereon.‘ Furthermore, thelr .size. calls for. larger and stronger structural

écmembers to support them and: to glve re51stance agalnst ‘forces’ 1nduced by the Wind‘ The‘
‘formldable solldity of the’ structural supports required. for these 51gns has resulted ing
o their constltutlng a deflnite safety hazard for occupants of vehicles that colllde with
’them. : : o S e ; L

STUDY OBJECTIVE 'The obgectlves of the research was ‘to des:Lgn and test sign supports*
(1) with substantial reduction inthe total mass involved, {2y which themselves will
yield under the ‘impact of colllslon, and (3) Whlch Wlll readlly dlsconhect from their
foundation. when struck by a vehlcle.‘ B LT N : : :

IMPLEMENTATION OF FINDINGS The results of thls ‘cest are common knowledge. Present,
~breakavay signs are being used and 1nstalled throughout the state.e Addltlonally, the
ideas developed are 'being’ used not only in Texas but in: many ‘other states and foreign
countries. Furthérmore; the Bureau of Public Roads made the follow1ng statement: As a
result of this résearch, countless lives have. already been’ saved, and it has furthered
research of other safety aspects. ' The tremendous amount OF appllcatlon already underway

-~ by several state Highway Departments testlfles to. the research having proved quite succes;
ful. This project is undoubtedly one of" the most successful ever conducted for. hlghway

. safety. Rk o : :

RESEARCH REPORTS PUBLISHED :
© o 68-1 w”Impact Behavior of Sign Supports ‘
68-2 "Impact Behavicr of Sign Supports - I Lot L
;68—3 "An- Investlgation of Colllslon of Automotlve Vehicles w1th Breakaway nghway
Sign Supports 8 , o

TEQ BT P Trase i Aamiesea £ AP Dandnis Arkhar Qe Qn'nﬁn'wf”q Q'nr'l Q"!n“H'pﬂ q+PP1 -P-lﬂfé Mpr‘hﬂh“l(‘ﬂ-] Fuses



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

3-5-63-69
Research Studyv No.

"Creep in Prestressed Lightweight Concrete"
Title

Howard L. Furrx

File D-5
Proiject Supervisor

T.H.D. Monitoring Division

Larry Walker
T,H.D. Contact Individual

September 1,1963 August 31, 1969
Date Initiated Date Terminated

$§80,752.43
Total Funds Expended

BACKGROUND INFORMATION Lightweight aggregates are used in structural
concrete for the purpose of attaining overall economy in structures.
It has been found that low transporting costs due to lighter weights
and lower dead weight of structure sometimes give lightweight concrete
an advantage over normal weight concrete.

The use of lightweight concrete in prestressed bridge girders is

relatively new, and questions had arisen as to the ‘behavior of these
girders in service.

STUDY OBJECTIVE The objective of the study is to develop information
and methods whereby creep and attendant deflection of prestressed

concrete bridge girders made of llghtwelght aggregate concrete may be
predicted with acceptable precision.

IMPLEMENTATION OF FINDINGS The method developed in this study predicting
camber in prestressed concrete beams, along with its computer program,

is being used quite frequently by our design engineers to predict a
camber in long prestressed concrete beams. This permits any needed grade

adjustment to be made in the design stage rather than in the construction
stage.

RESEARCH REPORTS PUBLISHED
69-1
69-2

"Creep in Lightweight Agregate Prestressed Concrete"

“"Creep in Prestressed Lightweight Concrete”

69-3F "Prestressed Loss and Creep Camber in a Highway Bridge w1th Reinforced
Concrete Slab on Pretensioned, Prestressed Concrete Beams"



RESEARCH & DEVELOPMENT : 7?20, Yl
ACCOMPLISHMENTS B

2-5-63-70 "Chemical Admixes for Concrete"
Research Study No. ' Title

Truman R. Jones, T. J. Hirsch

and D. L. Ivey - File D-5
Project Supervisor T.H.D. Monitoring Division

. R. Res September 1, 1963 August 31, 1966
T.H.D. Contact Individual ‘Date Initiated Date Terminated

4l ,876.10

Total Funds Expended

BACKGROUND INFORMATION Chemical admixtures may be used to make certain
desireable changes in various physical properties of plastic in hardened concrete.
Some admixtures retard the initial set and counteract the adverse effects of
high temperature; some accelerate the set; some reduce the water requirement for ~
a given workability, most of them increase the ultimate compressive strength, ete. 7
It 'had been found that many of the admixtures, even while accomplishing the -
immediate objective, have an adverse effect upon the drying shrinkage of  the
concrete. One of the major problems at that time was to know how to determine
the effects specific admixtures have on drying shrinkage.

STUDY OBJECTIVE (1) Develop a satisfactory method of tests for evaluating the
effects of chemical admixtures upon the shrinkage of concrete. (2) Determine
whether a simple procedure can be developed for checking the composition of the

chemical formulation of the admixture so that limits can be specified for the
variation in the formulation.

IMPLEMENTATION OF “FINDINGS

(See Attached Memorandum from Mr. Henneberger to Mr. lewis
dated February 23, 1971.)

RESEARCH REPORTS PUBLISHED : '
70-1 "The Effect of Chemical Admixtures on the Drv1ng Shrlnkage of Concrete and
the Control of Chemical Uniformity of Admlxtures
70 2 Unpublished ‘
70-3F "Effects of Chemical Admixtures in Concrete and Mortar'



s

Texns Iighway Department 47407120509 —50m
Forpm 438-0

INTEROFFICE MEMORANDUM * |

i
TO: Mr. R. L. Lewis (D-8R 750.70) L ' Date February 23, 1971
FROM: Wayne Henneberger i

SUBJECT:  Research Study No. 2-5-63-70
"Chemical Admixes for Concrete" .

With regard to your memorandum of February 19, 1971
concerning the above captioned subject, we offer the
following statement.

The research study was effective to the extent of producing
results of sufficient quality to be included in the latest
revision of Specification Item 437, Concrete Admixtures.
This revision is presently being reviewed by various
Divisions within the Department.

No estimate of economic impact is available. It is antici-

pated that quality control will be enhanced as a result
of this research.

RVS:?gw ﬁz?é%ZfEZZ;4ﬁﬁﬁ§?7&b//



Texas Highway Department

Form 433-8

" TO:
FROM:

SUBJECT:

FLLES

474071259~50m

INTEROCFFICE MEMORANDUM

Mr. Wayne Hennebergex ' DateFeb. 19, 1971

R. L. Lewis Responsible x//f
Rasearch Study No. 2-5-63-70 Desk woeeee. D=8 R
"Chemical Admixes for Concrete" : \ - 750.70

As you are aware, the above subject study was completed
some time ago. Undoubtedly some of the study results
were implemented during the progress of the study and
since that time. A record of this information is
essential for the evaluation and improvement of the
Department's effort.

It is respectfully requested that a statement be pre-
pared for the official record and evaluation regarding
the effectiveness of the study, your suggestions re-
garding improvements in operation, administration,
research procedures, and to what extent the research
was implemented. Also, if possible, your estimate of
the economic impact the results have had or will have.

Your usual early reply regarding the above will be
appreciated.

by I~

T
IKM: 3 O¢'f;§" i



RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS
2-5-63-71 -~ Deleterious Materials in Concrete
Research Study No. S ' Title
D. L. Ivey ' ; ;( : D-5
- Project Supervisor . T.H.D. Monitoring Division
C. R. Rea " Sept. 1, 1963 rf?;' Mug. 31, 1966

. 'T.H.D. Contact Individual == - - Date Inltlated Date Termlnated

r $45,643.49
. Total Funds Expended

RACKGROUND' INFORMATION Spec1flcatlons for concrete aggregates represent a compromise
" ‘between the desire for a perfect material and the nece551ty for using. materlals that are .
ecnnomlcally available. In many - 1nstances the englneer is: faced. with the problem of

- writing a spec1f1cetlon to llmlt a certain property and’ flnds that' sufflclent Lnformatlon

"RESEARCH REPORTS PUBLISHED

2econcern1ng that propertj, or: Thow to measure itrise not avallable i These . encounters have

- résulted in . the use of such phrases as harmful amounts Sy exce331ve amounts '’ or in the

. e531gnment of some arbltary quantltatlve measure.j As experlence ‘is! gained these erbltrar
‘r{quantltatlve measures ‘have been‘adjusted first in:one dlrectlon then ‘in another, result~\
- ing in serious loss of confldence in some spec1ficetlons.J One. of the examples of thls '
‘ type of spe01ficatlon 1s 1n the area of cleanllness of concrete aggregates.,,x~

e This researdh 1neluded a study of the ex1st1ng test methods (sand equlvalent and
" loss by decantatlon) used to detect clay in. concrete aggregates, ‘and a - study of -the ',
effect of various amounts of -clay with varlous llqula 1limits on the strength, shrlnkage,‘
. and freeze- thaw durablllty of concrete.‘ ‘The: work necéssarily 1ncluded the- determlnatlon
i of clay fraction propertles of concrete aggregates from}plts w1thin the state of Texas ‘

STUDY OBJECTIVE ( 1) To study methods of test for determ:v_nlng the clay content of
concrete aggregates (2) To determlne the: effects of clay content on the- strength,

~ shrinkage, and durabillty of conc¢rete. (3) Tb relate these’ ‘effects of’clay on-the -

" properties of concrete to results ‘of" tests for determlng clay coutent of the aggregates

IMPLEMENTATION OF FINDINGS,e"”‘

e As a result of thls research, Admlnlstratlve Clrcular Nb 24 67 dated March 28 1967,
. wWas published ~In part, the Administratlve Clrcular ellminated the" loss,by decantation
tests as a fine aggregate requirement and replaced it Wlth the sand equlvalent tests
requlrlng a mlnlmum value of 78 : , : Ay ~

T1-1 Correlatlon of Concrete Propertles Wlth Tests for Clay Content of Aggregate
71 3F "Clay, Aggregate and Concrete * : S BERES




RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"study of Electrically Heated Bridges

1=5%63-72 Decks for Ice Prevention"
Research Study No. Title

Larry Walker , D=5
Project Supervisor o T.H.D. Monitoring Division

H. D. Butler .
Larry Walkerx 1963 4 July 24, 1968

T.H.D. Contact Individual | Date Initiated = Date Terminated
$8.996.08

Total Funds Expended

BACKGROUND INFORMATION

" This study consisted of the.design, constructlon and study of three
electrical heating systems for bridge decks to prevent ice. The
three systems were as follows: 1. An anti-icing system for a heavily
traveled structure with deep approach grades and no frontage roads.
2. Electrically heated cables laid on top of the slab and covered with'
a polyester compound known as Terrazzite. 3. This system was in-
stalled in twin concrete slab structures and had prov151ons for testing
a variety of cable spa01ngs and slab depths.

Temperature data and visual observations were collected from the above
structures and analyzed. Results of these analysa; show :that the use
of electrical heating systems to prevent the formation of ice or
accumulation of snow on bridge slabs is both feasible and effective.

STUDY OBJECTIVE
This research was for the purpose of 1nvestlgat1ng the feasibility and

effectiveness of heating a bridge slab to prevent the formation of ice,
and to determine criteria for the design of heating systems.

IMPLEMENTATION OF FINDINGS
Results of this study verify the design crlterla ‘and procedures used -
in designing an electrical heating system for a bridge deck in Amarillo,
Texas. Also, the findings of this study have been used by various other
states in designing electrical systems for ice prevention.

"RESEARCH REPORTS PUBLISHED
72-1F -n»sStudy of Electrically Heated Bridge Decks for Ice Prevention”



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS |

"A Study of.the Application of
Proposed New Test Methods and Speci-

1-9-64-74 ‘ , fications to Asphalt Cements in Texas"
Research Study No. o R Title ‘
_C. W. Chaffin o D-9
Project Supervisor i : T.H.D. Monitoring Division
C. W. Chaffin ‘ - 1964 1965
T.H.D. Contact Individual Date Initiated  Date Terminated
$5,830.73

. Total Funds Expended

BACKGROUND INFORMATION '
As a result of the research work carrled out by the Texas Transportatlon

Institute, it was proposed in 1963 that the Department replace the 1962
Standard item No. 300, Asphalt Cement Spec1f1catlon. "Therefore, to

- gain additional’ data on the effect of these changes on asphalt quality
and laboratory requlrements needed for. control under. these proposed
speCLflcatlons, certaln 1nvestlgatlons were planned.

STUDY OBJECTIVE ' N '
1. To determine for all Texas sources the full range of penetratlon at

77° Fahrenheit that might be supplled under the proposed viScosity grades.
2. To compare the indications of the prOposed viscosity test w1th the thi
film test as used in the 1962 standard. Specrflcatlons.v «

3. To estimate the work load, laboratory equipment, personnel and space
needs, and time involved in testing the large number of samples needed -
for control of the volume of asphalt used by the Department. This in-
formation would then be available to pass on to’ producers ‘so that they
couldpmake the necessary preparations for production control. :

 IMPLEMENTATION OF FINDINGS - = | |
After considerable work was accompllshed on thls study, the need for the

-~ results where no longer necessary. ‘since -the Department adopted viscosity.
graded asphalt speclflcatlons in early 1965. Therefore, the study was
‘termlnated and Federal part1c1patlon ‘was completely w1thdrawn.



Page Two
1-9-64-74

RESEARCH REPORTS PUBLISHED

No Research Reports were published. However, in the official file
there is a record of the data collected and findings prior to the
termination of the study.



RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS

1~-8-6L.75 "Supplemem‘iayy Studies in Highway Illumination”
Research Study No. o Title

e ’/
Weilon J. Rowan 7ile D-8
Project Supervisor ~ T.H.D. Monitoring Division
E. M. Carl h-13-64 August 31, 1969
T.H.D. Contact Individual ‘Date Initiated Date Terminated
$071,138.25
Total Funds Expended
BACKGROUND INFORMATION (see Attachment)

STUDY OBJECTIVE (See Attachment)

IMPLEMENTATION OF FINDINGS {See Attachment)

RESEARCH REPORTS PUBLISHED (See Attached Sheet)



T5-1 "An Interim Report on a Study of Roadway Lighting

Systemsa”

T5-2 Not to be Published

75-3 "An TInterim Report on Roadside Sign Visibility"

75l "Photometric Studies of the Austin 'Moonlight' Tower
Tighting Systems'

75-5 "in Tnterim Report on a Study of Disability Veiling
Brightness”

75-6 Not to be Published

75-7 “Tmpact Behavior of Lighting Poles”

75-8 "Impact Behavior of Iuminaire Supports’

75-9 “An Analytical Solution of the Impact Behavior of
Tuminaire Support Assemblies”

75-10 "Multi-Directional Slip Base for Break-away Luminalre

11 .

Supports

75-11 “Patigue Analysis of the Cast Aluminum Base”

75-12 "High Mast Lighting"

75-13F “Pinal Report - Supplementary Studies in Highway

Iilumination”
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INTEROFFICE MEMORANDUM

TO: : Mr. E. M. Carl Date Feb. 19, 1971

FROM: R. L. Lewis : Responsible

SUBJECT: Research Study No. 1-8-64-75 Desk oo D-8 R
"gupplementary Studies in Highway Illumination" 750-75

As you are aware, the above subject study was completed
some time ago. Undocubtedly some of the study results
were implemented during the progress of the study and
since that time. A record of this information 1is
essential for the evaluation and improvement of the
Department's effort.

It is respectfully requested that a statement be pre-
pared for the official record and evaluation regarding
the effectiveness of the study, your suggestions re-
garding improvements in operation, administration,
research vrocedures, and toO what extent the research
was implemented. Also, if possible, your estimate of
the economic impact the results have had or will have.

Your usual early reply regarding the above will be
appreciated.

Re F



RESEARCH DEVELOPMENT ACHIEVED BY PROJECT 1-8-64-75

"Supplemental Studies in Highway Hlumination"
PP g Y

INTRODUCTORY REMARKS:

The subject research project was initiated in 1964 to extend over a period of 5 years
at a total estimated cost of approximately $300,000. The purpose of this research was to update
the then existing criteria for highway illumination design for which there have been no major
changes or improvements in a number of years, not only in the state of Texas but also throughout
the United States.

During the early stages of our design and development for urban freeways, four-lane
divided facilities were initially developed; and, it was possible to adequately light these
facilities with 30" mounted 400 watt mercury vapor luminaires. As increasing urban freeway
traffic demands increased, it became necessary to expand these facilities to eighi-lane divided
freeways with wider medians and, as a result, it was found that our standard illumination design
criteria would no longer adequately illuminate the width of such sections. It, therefore,
became evident that improvements in our highway illumination design criteric were needed. In
recognition of this need, the subject project was initiated to explore various means by which
such design criteria might be improved.

PHASES OF RESEARCH:

1. The initial phase of this research involved the development of equipment and
hardware which would permit us to evaluate and determine the optimum height
and spacing for lighting units of various intensities. From these studies which
were conducted at the Research Annex of the Texas Transportation Institute of
Texas A & M University, it was determined that the optimum height for a 400
watt mercury vapor luminaire was 40' and the spacing was approximately 200"
to 220" In asimilar fashion, it was determined that the optimum mounting height
for a 1000 watt mercury vapor light source was 50" and the spacing approximately
250" to 300'. Each of these were in contrast to the design criteria which had -
been utilized throughout the United States for many years, namely the use of
20' to 30" mounted 400 watt mercury vapor units spaced from 160" to 180" apart.

It became apparent from these research findings that by the utilization of high
mounting heights and greater spacing would not only provide a more uniform
distribution of light over a wider area but would also result in a reduction of the
cost of installation and operation of such highway illumination designs by
approximately 30%. E



These tests were conducted for both single and dual-mounted units; and, from
the research findings of such tests, it was evident that a median installation

of such units would contribute even more to the economy of such lighting
installations by reducing the number of poles required by one half. As soon

as the effectiveness and the economy of these median mounted dual installations
had been clearly demonstrated through the research studies on this project, our
department immediately began to install 50" dual-mounted 1000 watt units on
our urban freeways in the median areas which were protected by o double line
of median barrier guard rail. Where such single mounted poles were installed
in unprotected areas, such poles were mounted on frangible or breakaway bases.
A limited number of median installations have been provided on divided freeway
sections where a depressed 40' to 48' medion existed. These installations of

50" poles were on frangible bases without the protection of median barrier guard
rail . The field experiments with these installations, thusfar, have been satis~
factory; however, there has been some question as to the feasibility of installing
these 50" dual mounted poles in such depressed median areas having a width of
40" or less.

It should be noted that the latter type of installation has been considered fo be
more of an experimental nature and is not yet considered to be a recommended
or standard design. We believe that it would be advisable to observe such
installations for a period of time before a final conclusion is reached in regard
to such installotions, inasmuch as there is a recognizable factor of traffic saf ety
involved.

Prior to the initiation of this research project, the Texas Highway Department

had installed both aluminum and galvanized steel poles on our highway system.
The aluminum poles came equipped with a cast aluminum transformer base which
served as a housing at that time for a constant wattage ballast. The galvanized
steel poles came equipped with a steel transformer base to serve the same purpose.
It soon became evident that the cost of the galvanized steel pole and steel base
was more economical than were the aluminum poles and cast aluminum bases; and,
as a result, most of our highway illumination projects in those years involved the
use of galvanized steel poles on steel bases. Having extensive installations of
both types of poles and bases on our highway system, it became evident from

field reports of vehicle impacts with these two types of poles that the severity of
damage to the vehicle and injury to the occupants was greater where a pole was
mounted on a steel transformer base and that the severity of vehicle damage and
injury to occupants was minimized where the cast aluminum base was utilized
with the pole. In recognition of this situation, the Texas Highway Department
revised highway illumination design criteria to permit only the installation of
frangible breakaway bases for light poles which were not protected by a median
barrier guard rail or some other roadway feature which would prevent the dangers
inherent in a vehicular impact with such poles.



In order to provide further documentation to the Federal Highway Administration
for the already established T.H.D. policy regarding frangible bases, extensive
vehicular crash tests of various types of poles were conducted at the Research
Annex of T.T.1. of the Texas A & M University. As aresult of these conclusive
crash tests, the Bureau of Public Roads of the Federsl Highway Adminisiration
directed all stotes to begin installing breakoway features on highway illumination
installations. During the course of these crash test evaluations, a small cost
aluminum insert having a height of about six inches was conceived and designed
by the members of the Highway Design Division as o remedial means for con~-
verting previously installed rigidly mounted light poles to breakaway character-
istics. A number of such cast aluminum inserts were installed experimentally

on a section of Interstate 35 in Hays County, and numerous vehicular impacts
and knock-downs over a period of two or three years confirmed the fact that
this small cast aluminum insert did, in fact, accomplish the purpose for which

it was designed, namely to provide a shear linkage which would convert a
rigidly mounted pole to a breakaway type of facility. However, the difference
in the cost of the small cast aluminum insert and the standard cast aluminum
base was not considered to be significant enough to warrant the use of such
inserts on new installations. It was also subsequently defermined that in the
"change out" of previously installed rigidly mounted poles that it would be
more desirable to provide the 20" height standard cast aluminum base rather
than the six inch high cast aluminum insert. As a resuli of the foregoing

crash tests and evaluation of breakaway devices for lighting poles, os conducted
at the Texas Transportation Institute, it has been found that o majority of the

50 states in the United States are now utilizing the cast aluminum transformer
base to provide a frangible shear linkage for lighting poles which are not
protecied by other means.

Another phase of the research which was not initially contemplated in the
initiation of the subject illumination project was that of so-called "high-level"
lighting. This was not a new idea, since a limited number of such installations
had been developed in some of the European countries; however, such lighting
systems had not at that time been installed on highways in the United States.
As a result, the objectives of the subject illumination research were reoriented
to permit the studies of such lighting; and, the initial phase of these studies at
T.T.1. were conducted with a 122" telescoping tower at the top of which ten
1000 watt flood lights had been mounted. This equipment was tested at the
Research Annex at T.T.l. and showed considerable promise in that it lighted

a circular area of Eonsiderable diameter and it became evident that this type
of lighting might very well be adapted to the area lighting of freeway inter-
changes. ‘

Following the use of the 122" telescoping tower with the ten 1000 watt floodlights
fixed atop of it, the next phase in this study involves the fabrication and instal-
lation of a 100" galvanized steel pole which consisted of telescoped sections and
an internal electrohydraulically operated winching system which operated an
external ring assembly of ten 1000 watt floodlights. This system was developed



with the ideo of being able to raise and lower the entire assembly of floodlights
for maintenance at ground level. The results of this installation proved
encouraging and formed the basis of several installations which were provided

ot different points in the state, however, as a matter of economy, these
installations, at heights of 100", utilized trianguler shaped radial type trans-
mission towers with the ten 1000 watt units fixed at the top. Later, as the
operation and evaluation of the prototype 100" pole was thoroughly tested and
evaluated, it was recognized that the scope of this type of lighting system could
be expanded and improved if a higher mounting height were to be utilized. The
increased height of the mounting appecred to be warranted in order to reduce
the glare which was produced to some extent at the 100" mounting height. As
the result, the originally installed 100" pole was laid down and a 50' extension
was added to it, after which the original internal winching system and the
external ring assembly waos again added to the pole and further photometric
studies were made of this system at a height of 150°. The finding from this

study was so encouraging that the Texos Highway Department then began planning
actual field installations of such lighting in interchange areas on certain of our
freeways. As the studies of the lighting characteristics produced by the 150°
mounting height with the ten 1000 watt units progressed, it became more evident
that such lighting was necessary and justified in order to provide the driver a
panoramic view of his surroundings in a complex interchange area. This type

of lighting would be in contrast with the previous installations of lighting units
along each of the separate roadways and turning movements within multi-level
inferchanges which, thereby resulted in so-called "tunnel lighting”. In other
words the driver was provided illumination only along the roadway which he

was traveling within the interchange area and he was not afforded the oppor-
tunity to be aware of the surrounding geometric configurations of the interchange.

This type of lighting has now become accepted and installed in many other states.
And, although there have since been developed variations of this originally
conceived design by the Texas Highway Department and the Texas Transportation
Institute, the basic principle is still the same and is now apparently accepted as
a standard method for illuminating interchange areas.

SUMMATION:

Reference is now made to the memorandum from Mr. R. L. Lewis, dated February 19,
1971, which requested comments on the achievements and effectiveness of the subject research
project. This memorandum requested an evaluation regarding the effectiveness of the study,
suggestions regarding improvements in the operation, administration, research procedures and
to what extent the research was implemented. And, in addition, requested an estimate of the
economic impact which the results have had or will have on highway illumination design
criteria.

Comments on the various phases and aspects of this research project, as noted above,
are furnished herewith:



Effectiveness of the Study:

There is ample evidence that this study was quite effective and resulted in the
first comprehensive upgrading of highway itlumination criteria, not only in Texas
but in the United States. This effectiveness can be readily meosured by the consi~
deration of three factors: (1) by increasing the optimum height and spacing of
highway lighting units it was possible to not only improve the quality in scope of
lighting but to also increase the economy of the installations and subsequent cost
of operation by reducing the number of units required to light a given section of
freeway; (2) the extensive testing and confirmation of the effectiveness of frangible
breakaway bases for the mounting of highway light poles. The intreduction of this
feature, not only in Texas but elsewhere in the United States, has undoubtedly
resulted in the saving of many lives by eliminating the previously utilized rigidly
mounted poles which had for many years been standard design criteria throughout
the United States. (3) The development and improvement of the High-Mast lighting
concept for interchonge and area lighting has contributed a significant item to the
improvement of driver safety and operation within interchange areas of freeways. The
fact that this concept of area or interchange lighting has been accepted by many
states is indicative of the fact that the concept has provided a major improvement
in the illumination of large interchange areas and has contributed materially to the
comfort and safety of the driver in such areas,

Suggested [mprovements in Operation:

It is presumed that this question refers to the operction and conduct of research
project. Since the successful conduct of research projects such as the one under
discussion is contingent upon both communication and correlation between the cooper~
ative agencies involved in such research, it would be difficult to isolate any particular
areas where improvements might be made. Since such cperations are so diverse and
involve a number of people, any improvements which might be made in these operations
would probably be the result of improved communications and cooperations extended by
all those involved.

Administration:

During the five-year duration of the subject research project, the Administration
of the subject research project by the Research Section of the Highway Design Dlvmon
was most excellent; and those who were directly involved in this specific research
endeavor are greatful for the assistance and cooperqhon extended in the administration
of this project.

Research Procedures:

There were numerous modifications and changes made in the research plan for this
¢ P



project during the five-year duration of the project; and, it is recognized that the
frequent reorientation of the objectives of the project must have certainly created
some difficulties and needs for readjustment of planning. However, it is believed
that greater accomplishments in applied research can be achieved where there is
sufficient latitude for change to permit the evaluation of new ideas and new concepts
as they might evolve from the previous research efforfs. Had such adjustments and
reorientation of objectives not been possible within the scope of the research under
the subject project, it is doubtful that as much would have been achieved and
accomplished as the project appears to have contributed to the further improvement
of highway illumination design criteria.

Implementation of Research:

From the foregoing comments, it is evident that as soon as promising research
findings were developed in the conduct of this project, such findings were immediately
incorporated into highway planning and design for the installation of new lighting
concepts in Texas. These new concepts were also freely furnished to the highway
departments of other states and were adopted by many of them.

Estimate of Economic Impact:

There are no readily available means by which to evoluate the overall economic
impact of the results obtained by the subject illumination research project. However,
it is possible to evaluate the impact of this research in Texas by actual comparison of
highway illumination costs on o "before and after” basis. This would not only involve
an evaluation of the improvement in the scope and photometric characteristics provided
by the research findings of this project; but, it would also be possible in many instances
to compare the actual contract costs of a project which was based upon new design
criteria with the costs of plans originally submitted for the same project. Our records
reveal that there have been instances where the original design of an illumination
project was revised and the contract costs of the ultimate project resulted in a saving
of from 30 to 50% of the cost of the installation. These savings were further reflected in the
eventual cost of the operation and maintenance of the specific projects which involved
fewer units and a lesser cost for the power to operate them. ‘



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"Fatigue Strength of Stud Shear Connectors

3-5-64-76 in Lightweight Concrete' (Push-Out.Test)
Research Study No. ‘ ' Title

A. A. Topraic File D-5

Project Supervisor ; ~ T.,H.D. Monitoring Division

Larry Walker  April 24, 1969 1966

T.H.D. Contact Individual ‘Date Initiated Date Terminated
$7,958.13

Total Funds Expended

BACKGROUND INFORMATION In a bridge structure consisting of a concrete
slab supported by steel beams or girders, the compressive strength

of the concrete deck may be used to advantage as a cover plate to
increase the load carrying capacity of steel members. One type of -
shear connector used to transfer the necessary shear for compressive J
action is the headed-stud. The ease and economy with which suech studs
can be installed has increased the competitive position of composite-
construction in recent years. This position can be furthered still,

if additional weight savings can be effected through the use of light-
weight concrete. One third the weight of the concrete deck is
eliminated when lightweight concrete is used and the amount of steel
required is reduced to the reduction of the design load. Although
fatigue data on the strength of stud shear connectors when regularx

(hard rock) concrete is used could be found in the technical literature,
the same could not be said for lightweight concrete. Moreover, light.
-aggregate varies from area to area, depending upon the method of '
‘production or the type of raw material used.

STUDY OBJECTIVE The objective of this research study was to obtain
~-data on the- fatlgue strength of stud-shear connectors when lightweight
concrete used is made w1th aggregate produced in the State of Texas.

IMPLEMENTATION OF FINDINGS The results of this study were used to
verify results obtained from similar tests performéd at the University
of Texas and elsewhere. Results of this study also lead to the use of
shear connectors as slab hold down devices on girder stands not
specifically designed for composite action.

RESEARCH REPORTS PUBLISHED : . . .
76-1F '"Fatigue Strength of Three-Fourth Inch Studs in Lightweight

Concrete"



RESEARCI & DEVELOPMENT "
ACCOMPLISHMENTS

2=5-64-77 "Fatigue Strength of Plate Girder Weks Under
Research study No. Constant Moment" Title

A. A. Toprac File D-5 _

Projact Supervisor T.H.D. Monitoring Division
Larry Walker
R. V. Vandexr Straten 4-13-64 Oct. 2, 1967
T.H.D. Contact Individual Date Initiated Date Terminated
$37.462.16

Total Funds Expended

BACKGROUND INFORMATION At the time this study was started the design
criteria for plate webs was based on prevention of any buckling of the

web in the compression zone of the beam. A factor of safety was provided
against buckling.

Information was available which indicated that in general terms higher web
stresses and allowed buckling could possibly be feasible in bridge con-
struction. The information availabled showed that buckling was not a
problem for girders subjected to static loads; however, the tests that had
been conducted brought out the need for investigation of a new phenomena,
that is, the cracking in webs along the weld to the compression flange.

'STUDY OBJECTIVE (See Memorandum from Mr. Henneberger to Mr. Lewis dated
March 18, 1971, attached) )

b
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INDINGS (see Memorandum referenced above attached)

RESEARCH REPORTS PUBLISHED

77-1 "Fatigue Testing of Ribbed Orthotropic Plate Bridge Elements"

77-2F "Fatigue Strength of Plate Girders Under Constant Moment"



Tewps Homway Deparinent 474073125550
ol 4338

INTEROFFICE MEMORANDUM

TO: Mr. R. L. Lewis (D-8R 704.8) | Date March 18, 1971

FROM: Wayne Henneberger , Respopsible 1
SUBIECT:  posearch Study No. 3-5-64-77 ‘ Desic ----.. e
"Fatigue Strength of Plate Girder ' /

Webs Under Constant Moment”.

With regard to your memorandum of March 16, 1971 concerning
the subject research study, we offer the following state-
ment.

This research study was conducted to determine the fatigue
properties of two types of bridge sections which had not
previously been used but appeared to be economically
feasible. The first type has become known as Orthotropic
Plate and results are documented in "Fatigue Testing of
Ribbed Orthotropic Plate Bridge Elements" by H. L. Davis
and A. A. Toprac. The second type is known as Hybrid
Plate Girder and results are reported in "Fatigue Strength
of Hybrid Plate Girders Under Constant Moment" by H. S.
Lew and A. A. Toprac.

The subject research study was effective in producing
information that was combined with results of other re-
search studies of fatigue loaded specimens to produce
design specifications published by AASHO and AWS.

Economic impact cannot be measured accurately, however it
is reasonable to assume that funds invested in the subject
research will be returned in the form of lower costs by
use of more efficient bridge members.

1 L
RVS:rgw \ééf/iﬂé &fat////



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"Numerical Methods for Radial Triangulation

3-8-64-79 . from Aerial Photography"
Research Study No. ; ' ' Title
Robert D. Turpin File D-8
Project Supervisor T.H.D. Monitoring Division
Mr. H. A. Henry : 1964 May 1966
T.H.D. Contact Individual Date Initiated Date Terminated
$10,992.15

Total Funds Expended

BACKGROUND INFORMATION In the use of aerial photography for the
preparation of maps, some ground surveys (usually referred to as
control surveys) are needed in order to determine the scale and

the orientation of the photography. There are a number of satis-
factory methods of obtaining the necessary ground control, but
“these methods are "usually time consuming and often prove to be

guite expensive. Thus, any procedure whereby some of the ground-
control surveys could be eliminated are minimized would be desirable
from an economy standpoint. One means of achieving this savings is
by aerial triangulation.

STUDY OBJECTIVE The objective of this study was to investigate and
"evaluate the use of radial triangulation for extending control, with
precise measurements taken directly from the photography and data
reduced through a computational procedure which would be programmed
for a high-speed digital computer.

IMPLEMENTATION OF FINDINGS The information obtained from this study
served as a basis for- future research and stimulated additional
research concerning control extension by alternate computational

procedures.

RESEARCH REPORTS PUBLISHED '

79-1F "Numerical Method for Radial Triangulation"



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

- "Strength Effect of Cuttlng Off Tension

3-5-64-80 Bars In Concrete Beams'
Research Study No. , Title
Phil M. Ferguson File D-5
Project Superxvisor - T.H.D. Monitoring Division
Larry Walker 1964 Pebruary 15, 1968
T.,H.D. Contact Individual - Date Initiated = Date Terminated
- $54,221.17

Total Funds Expended

BACKGROUND INFORMATION Sixty-four concrete beams reinforced with #8 of #11
bars (largely AL32) were tested as simple beams. Most of these had bars cut off

at the minimum point for moment or at 12D lr 15D beyond such points. Some, for
comparison, contained 'full length bars or bars bent up. The majority of the beams
with bars cut off were designed to be balanced at ultimate in flexural strength,
shear strength, and bond strength. The beams usually contained stlrrupskto develop
the design shear strength ' - ‘ ‘ :

The majority of the beams were 18 or 24 inches in overall depth reinforced
‘with #8 or #11 bars. Fifteen beams were from 12 to 15 inches deep.

STUDY OBJECTIVE The initial objective of this investigation was to establish
whether bar cutoffs were always injurious to beam shear strength. An interim
report which was dated August 23, 1965 reported only 2 out of 31 beams-with bars
cut off had developed their full shear capacity. The majority showed deficiencies
_of from 15 to 25 percent and one more than 4o per cent. The investigation was
then extended to 1nclude p0381ble remedial measures.

IMPLEMENTATTON OF FINDINGS The results of this study supported a change which had
been made in the de51gn ‘of the 1965 Standard interior bents used with prestressed
concrete beam stands. This change, should result in a safer design, required
that the cut- off point for tension relnforcement bars be located at a vertlcal
reaction. :

RESEAZRCH REPORTS PUBLISHED.

"

80-1F "Strength Effect Of Cutting Off Tension Bars In Concrete Beams



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"The Effect of Access on the Cost of Right of

2-15-65-82 Way for the Interstate System"

Research Study No. Title

William D. Franklin File D-15

Project Supervisoxr T.H.D. Monitoring Division

W. O. Threadgill June 28, 1965 May 2, 1969

T.,H.D. Contact Individual Date Initiated Date Terminated
$68,174.83

Total Funds Expended

BACKGROUND INFORMATION Acquisition of right of way for
system presents a number of unique problems in property
the Interstate Highway System alone some three dquarters
parcels of land will be required. The magnitude of the
acquiring this right of way poses a compelling need for
procedures to assure that expenditures for this purpose
Systematic and precise evaluation of highway investment
more adequate allocation of resources within the public

a major highway
evaluation. For

‘of a million

cost involved in
developing

are spent effectively.
decisions insure a
sector.

STUDY OBJECTIVE The general objectives of the study were to compare
sections of Interstate System with frontage roads with sections not having

frontage roads in order to determine:

(a) The relative cost of right of way for sections transversing similax

areas.

(b) The zone of influence of special benefits as opposed to general
benefits on remaining property resulting from Highway construction.

(¢) The effect of interchanges and ramps on the value of comparable

property abutting the highway.

(d) To develop a consistent approach for appraising the value of
accesses of remaining parcels from right of way acquisition.

IMPLEMENTATION OF FINDINGS The study was not of such nature as to lend
itself to specific implementation. It primarily.confirmed what was
suspected, that is, access played a significant role in the estimate of
damages to the remaining properties. It is believed that the only

appropriate implementation is that which has already been accomplished
by making distribution of both the study and the summary report to the

Districts and other states for their use.



Page Two
2-15-65-82

In respect to monetary savings no specific amount can be credited to this
study effort. The findings do confirm there has been a substantial savings
in right of way costs by providing accesses to remaining properties. The
study concludes that the damages to the properties granted access were
approximately 53% less than damages paid to those properties not granted
access.

RESEARCH REPORTS PUBLISHED

82-1F - "Effects of Access on Highway Right of Way Costs"



RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS
5-1-65-86 "Highway Signing Research"”
Research Study No. . ~ Title
Robert D. Wylie File D-1
Project Supervisor ' T.H.D. Monitoring Division
J. W. Pourter Nov. 13, 1964 Oct. 31, 1966
T.H.D. Contact Individual ‘Date Initiated Date Terminated

$59,212.22
Total Funds Expended

BACKGROUND INFORMATION At the time this study was initiated there

was insufficient factual information on which to base the design,
selection, specification, and evaluation of materials for highway
traffic signs, particularly in regard to materials for reflectorlzatlon -~
of sign faces and materials for sign messages. There was a need to
develop meaningful and objective criteria for determining optimum

sign effectiveness including consideration of such factors as visibility,
legibility, and target value, and to evaluate all signing materials
currently available in terms of lnltlal and malntenance costs, serwvice-
ability, and useful llves.

STUDY OBJECTIVE The overall objective of the study initiated under
this project was to identify and evaluate the qualities for optimum
'sign effectiveness and serviceability to delineate objective criteria
for specifying these qualities, and to establish test procedures and
~requirements to evaluate-signing materials with respect to these
criteria. The emphasis was to be on reflective signing materials

and their characteristics at right and under adverse environmental
conditions.

IMPLEMENTATION OF FINDINGS: The results of this study were used
extensively in the formulation and issuance of specifications.

RESEARCH REPORTS PUBLISHED
Final Report

Phase I "A Survey of Materials and Research Needs Relatlng to
Their Use" :



5-1-65-86
Page Two

Final Report

Phase II - "Characterization of Signs-Facing Materials"



RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS
|

6-1-65-87 "Financial Management Research Study"
Research Study No. ‘ ' Title

Ernst & Ernst : File D-1

Project Supervisor T.H.D. Monitoring Division

J. W. Courtner April 13, 1965 January 1, 1966
T.H.D. Contact Individual ‘Date Initiated Date Terminated

$116,493.27
Total Funds Expended

BACKGROUND INFORMATION This study was. to include an appraisal of the
organizational structure of the Department and the statement of dele-
gation of authority- and designation of responsibility, as well as

initial operating policies, in order to define the areas of account-
ability and, where indicated, to propose realignment of functions in
order to balance the organization and eliminate duplication or over-
lapping of functions. ' ’ '

STUDY OBJECTIVE Study and analysis of the organization; Operating
Policies; Manpower Staffing; Utilization and Controls; Data Process-
ing Equipment Needs & Potentials; Financial Management Practices and
Procedures; and Operating Policies of the Highway Department to
achieve desired fiscal management goals and maximum, efficient
utilization of electronic data processing equipment.

Dévélopmént of a recommended financial management system which will
meet the current audit and billing regulations of the Bureau of
Public Roads, and satisfy the requirements of the State Auditor.

IMPLEMENTATION OF FINDINGS Many of the recommendations made by
Ernst & Ernst were adopted by the Department. Furthermore, Ernst &
Ernst received a contraet from the Department for assistance in
implementing the study results. V

RESEARCH REPORTS PUBLISHED
Report 87-1F - 'financial Management Study"
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RESEARCH & DEVELOPMENT L
ACCOMPLISHMENTS

3-5-66-91 “shear Strength of Rent Caps Between Columns"

Research Study No. Title
Phil M. Ferguson File D-5
Project Supervisor T.H.D. Monitoring Division
H. D. Butlerx Sept. 1, 1965 August 31, 1966
T.H.D. Contact Individual Date Initiated Date Terminated
$14,832.14

Total Funds Expended

BACKGROUND INFORMATION-IN 1964 a Report entitled "Design Criteria for
Over-Hanging Ends of Bent Caps" was made on Project No. 3-5-63-52. This
report pointed out: (1) That substantial increases above the actual
allowable shear stresses were permissible because loads were close to the
support and always applied on top of the bent caps. (2) That vertical
~stirups added little strength, although horizontal bars were helpful. It
" also indicated that somewhat similar increases were available for the bent
caps inside the columns.

1

STUDY OBJECTIVE - Over the range of shear span between 0.5d and 2.5d (from
load support) to establish permissible shear design stresses in interior

spans on bent caps.

IMPLEMENTATION OF FINDINGS - See attached memorandum from Mr. Henneberger
dated March 24, 1971 to Mr. R. L. Lewis.

RESEARCH REPORTS PUBLISHED -

91-1F "Shear Strength of Bent Caps Between Columns"



Tev s Highway Department

Ras tish 47407—1259—50m
INTEROFFICE MEMORANDUM = |
TO: Mr. R. L. Lewis (D-8R 750.91) Ddte March 24. 1971
3
e

FROM: Wayne Henneberger  Résponsible

SUBJECT:  pegsearch Study No. 3-5-66-91 | . {Desk.D=5 __
"Shear Strength of Bent Caps - ‘h,fg/“
Between Columns" gm; ) e |

With regard to your memorandum of March 22, 1971 con-
cerning the subject research study, we offer the follow-
ing statement.

The study was effective in that results have been in-
corporated into our design methods for calculation

of shear and bond in bent caps. Operation, administration,
and research procedures were satisfactory for this pro-
ject. No accurate estimate of economic impact is available;
however, it is assumed some economy in structure costs

will be realized due to more efficient use of materials.

R

A




RESEARCH & DEVELOPMENT e

ACCOMPLISHMENTS
3-8-66-93 "Evaluation of Control Extension"
Research Study No. Title
Robert D. Turpin » File D-8
Project Supervisor T.H.D. Monitoring Division
Mr. H. A. Henry Sept. 1, 1965 March 10, 1969
T,H,D. Contact Individual Date Initiated - Date Terminated

$11,722.66
Total Punds Expended

BACKGROUND INFORMATION The primary reasons for using aerial triangulation
are to reduce the time and cost of control survey data which are necessé@y
for the compilation of topographic maps from aerial photographs. Some )
control surveys are always needed in topographic mapping. The field work
for these surveys usually consists of traverse, triangulation, or tri-
lateration for horizontal position determination and differential leveling,
trigonometric leveling, or barometric pressure measurements for vertical
positions (elevation).

The cost of field work for topographic mapplng may be 25% to 75% of the
total cost for preparing a map. Furthermore, any blunders in the field work
usually result in costly delays or in a very poor map. Therefore, extension
of field surveys by aerial triangulation is frequently desirable.

STUDY OBJECTIVE The objective of this research was to analyze in detail the
processes involved in aerial trlangulatlon so that the various sources of

errors could be evaluated and procedures ‘recommended for 1mprov1ng the
guality of control extensions through aerial trlangulatlon.

IMPLEMENTATION OF FINDINGS This program has been implemented into the
Department's photogrammetry operations and is used for control extensions
in areas where elevation data necessary for our other programming can not
be obtained.

RESEARCH REPORTS PUBLISHED
93-1F "Evaluation of Control Extension”



RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

"Statistical Estimating and Forecasting

3-10-66-95 for Vehicular Classification & Weight"
Research Study No. 4 Title
Patrick Odell ' “File D-10
Project Supervisor : T.H.D. Monitoring Division
Mr. Joe E. Wright Sept.vl7, 1965 August 17, 1967
T,H.D. Contact Individual ‘Date Initiated Date Terminated
$14,328.61

Total’Funds Expended

BACKGROUND INFORMATION Since the advent of the Interstate Highway
System, the importance of having available up-to-date, reliable

vehicle count, classification, and weight data has increased enor-
mously. At the same time-there has been a rapid growth in the P
vehicle population and @ shift of the general population from

rural to urban areas and recent technological advances in pavément
désign techniques have emphasized the need for more ‘and better

vehicle weight data. This is partly an outgrowth of the accummulated
equivalent 18 kip axle load design techniques which resulted after

the AASHO Road Test. ' :

STUDY OBJECTIVE: The work that was proposed was divided into three
overlapping phases. The first phase was to study existing techniques.
of data collection and projection and determine criteria for evaluating
them. The second phase was to evaluate existing techniques for sampling,
festlmafl"””‘fnd forecasting data with particular emphasis on vehicle
classification and weight data. Particular attention was to be given

to categorizing the system and to selection of representative sampling
locations for optimum information. The third phase was to formulate
-an optimal method- for collectlng and handling Texas vehicle classifi-
cation and welght data.

IMPLEMENTATION OF FINDINGS: The Project Supervisor on this study
accepted a position at another college. Another qualified Study -
Supervisor was not available and, therefore, no usable study results
were developed and the study was discontinued.

kRESEARCH REPORTS PUBLISHED
95~-1F - "Comments on Statlstlcal Techniques for Estimating Traffic
Flow"



RESEARCH & DEVELOPMENT

ACCOMPLISHMENTS
3-5-66-97 * "Hybrid Plate Girders Subject to Bending and Shear"
Research Study No. ' Title '
Dr. A. A. Toprac ‘ : File D-5
Project Supervisor T.H.D. Monitoring Division
R. Vander Straten Sept. 1, 1965 November 21, 1968
T.H.D. Contact Individual ‘Date Initiated Date Terminated

$31,964.99
Total Funds Expended

BACKGROUND INFORMATION Please see memorandum from Mr. Wayne Hemfeberger

to Mr. lewis, dated March 10, 1971 for Background
Information, Study Objective and Implementation
Statement which is attached.

STUDY OBJECTIVE  « (See Attached Memorandum)

IMPLEMENTATION OF FINDINGS (See Attached Memorandum)

RESEARCH REPORTS PUBLISHED

97-1F "Static Tests on Hybrid Plate CGirders"
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Texas Highway Department ) hig . .
Form 433-8 P (/l%(M/ 47407—1259—50m

INTEROFFICE MEMORANDUM

: T dovorrie Mow * )
TO: Mr. Weyne Henngbergen Date pzyen 9, 1971
FROM: R. L. Lewis Responsible
SUBJECT: Research Study No. 3=5-66-37 | DESK L i e Domomeemeememnees
“Hyb\{:ic} Plate Glxders Subject to TG
Bending and Sheax”

7 0. 22

As you are aware, the above subject study was completed
some time ago. Undoubtedly some of the study results
~were implemented during the progress of the study and
since that time. A record of this information is
essential for the evaluation and improvement of the
Department's effort.

It is respectfully requested that a statement be pre-
pared for the official record and evaluation regarding
the effectiveness of the study, your suggestions re-
garding improvements in operation, administration,
research procedures, and to what extent the research
was implemented. Also, if possible, your estimate of
the economic impact the results have had or will have.

Your usual early reply regarding the above will be
appreciated.
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INTEROFFICE MEMORANDUM

Mr. R. L. Lewis (D-8R 750-97) Date March 10, 1971

R
Wayne Henneberger o "~ Respofisible =4~
Research Study No. 3-5-66-97 . Desk D=5

"Hybrid Plate Girders Subject to Bending o w/’
and Shear" o e ;

With regard to your memorandum of March 9, 1971, concerning
the subject research study, we offer the following statement.

Combination of carbon steel web plate and high strength steel
flanges produces a hybrid girder which results in a lighter
and more economical section having greater load carrying
capacity than a comparable section having uniform grades of
steel. Prior to developing design specifications for hybrid
girders, it was necessary to investigate shear and bending
characteristics under static load. The subject research study
was developed to substantiate the theoretical analysis and
produce test results that would provide a basis for developing
design specifications.

It was effective to the extent that the results were combined
with those provided by other studies and a design specification
was produced and published in the 1969 edition of the AASHO
Standard Specifications for Highway Bridges.

Accurate estimation of economic impact is not possible; however,
it 1s reasonable to assume a significant savings will be
realized by use of hybrid plate girders where applicable in
highway bridge structures.
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RESEARCH & DEVELOPMENT
ACCOMPLISHMENTS

\ "An Analysis of Right-of-Way
2-15-66-100 Appraisal Problems"

Research Study No. Title

Dr. William G. Adkins , D-15
Project Supervisor T T.H.D. Monitoring Division

W. 0. Threadqill 1966 . February 21, 1968
T.H.D. Contact Individual - Date Initiated = Date Terminated
$22,573.30

Total Funds Expended

BACKGROUND INFORMATION
This research effort was conceived to ‘deal with both of the causes of

discrepencies in and between appraisals as well as the difficulties

of appraisal review. A thorough and proper appraisalireview can detexr- -
mine whether the appraisal estimates are reliable and ‘accurate, thus
assuring the fair market value to the owners of a particular parcel.

By the same token, knowledge of the major causes of discrepencies\
between appraisals should aid the See and Review Appraisers in arriving
at better estimates of market value for each parcel w1th mlnlmlzed
‘dlfflculty. ‘

STUDY OBJECTIVE

« ‘, : _
1. To identify the types of appraisals and the elements of value
which most commonly are associated with appraisal inconsistencies.

L2455 -TO. analyze, in terms of their basic causes variations in two or
more independent appraisals of the same parcel and of hlghly
similar parcels.

IMPLEMENTATION OF FINDINGS

This research study was of benefit in that it helped to identify
problems in appraisal and appraisal review. Furthermore, specific
monetary savings that have resulted from the study cannot be pin-
pointed. However, indirectly.the research has helped our efficiency

in the appraisal field. The raw data was used to a degree as a founda-
tion upon which to base preparation and issuance of a complete appraisal
and appraisal review manual. This manual is now in full use in the
~Dlstrlcts and by most of the free appralsers.

‘RESEARCH REPORTS PUBLISHED

- 100-1(F) "An Analy51s of nght of—Way Appraisal Problems"”



RESEARCH & DEVELOPMENT %

ACCOMPLISHMENTS

3-5-66-102 "Crack Width Studv"
Research Study No. Title
Phil M. Ferguson ; ; ; File D-5 _
Project Supervisor , T.H.D. Monitoring Division
Robert L. Reed 5-18-66 March 27, 1969
T.H.D. Contact Individual ~ Date Initiated Date Terminated

$59,441 .37

Total Funds Expended

BACKGROUND INFORMATION Effective use of high strength steel such as
A. 432 Grade with resulting lowering of costs, depends considerably upon
the establishment of proper crack width service loads. There are many
opinions about permissible crack width but very few statments, as to what
is permissible or as to what definitely leads to corrosion.

Although corrosion is a complex phenomena, it is believed that part
of the problem and the scatter observed may lie in the use of an incorrect
measuring stick,that of the outer surface crack width which is the only
one which can be directly observed., The critical crack width for corrosion
must actually be the width at the surface of the bar. A given surface crack
does not identify a specific crack width at the bar, because the ratio
between the two is actually a variable, one still largely unknown.

STUDY OBJECTIVE To develop technique, or improve technique for determining
relationship between crack width at the bar, as compared to surface crack
width; to establish how this relationship varies for the usual variables
in such a manner that the crack at the bar can be predicted for a given
surface crack.

IMPLEMENTATION OF FINDINGS This study provided the necessary background
information for Study No. 112 entitled "Crack Width-Corrosion Study",
which was a follow-on study. The method for measuring and studying cracks
in concrete which were developed in this study are being used in Study No.
112.

RESEARCH REPORTS PUBLISHED ' .
102~1F entitled "Flexible Crack Width at the Base of Reinforced Concrete
Beams"
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