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ABSTl?ACT 

The 'l'exas Highway Depart.rnent in cooperation with the Federal 

Highway Administration has been conducting Research & Development 

studies to solve specific problems since ·the inception of the 

ProgTam. 'l'he 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 produced very little in 

the way of useable results. On the other side of the coin some 

of the studies have had outs·tanding success and the results have 

been used on a National basis. 

In order to capitalize to the degree possible from experience 

in the Research & Development effort a record is maintained by 

the Department on each study recording the study number, the 

title/ the Texas Highway Department Monitoring Division 1 the 

'I'exas Highway Department Contact Individual, date initiated, date 

terminated, total funds expended, background information, study 

objective, implementation of findings and the reports published. 

·The record is valuable· for a number of reasons. Primarily that 

it is an aid in an effort to improve the future research 

effort. It indicates the successes. and so forth of the 



researcher and all involved with the research over a period of 

time. This includes the money spen·t and 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 results are not realized for years after 

they have been made available for use. Also, at this point it 

may be well to consider a statement made by Representative Dan 

Kuyknall, "history shows us on almost every page t.he worthwhile 

ideas that went dovm 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, t.hose in

volved with Research & Development 1 and by administrators. 

Also, it 1s intended to continue this form of record on future 

research studies as they are completed. 

tributed on a need basis. 

The record will be dis-



"Intersection Illumination" 
Research Study No. Ti"'cle 

yad.ous s;_~vis_o..;:;r:.... £;_> _____ _ File D--8 ----
Project Supervisor T.H.D. Monitoring Division 

Y._ar iou s Con tact: M.en 
--'--'-----

1959 1962 
T.H.D. Contact Individual Dat:e Ini ~ciat:ed Date Terri1ina t:ed 

Total Funds Expended 

BACKGROu-:c::D INFOR:.•LI';.TIOl\ 
Highway engineers have t.he opinion t}1at there are three basic reasons 
for the necessity of highv7ay illumination. These are safety, 
operational efficiency and comfort. 'I'he increase in the night use 
of our modern mul·ti-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. 

S'I'UDY OBJECTIVE 
The primary general objective of this study was to develop illumination 
for greater comfort, convenience and safety in each area of research 
conducted. 

Ii:.J..PLEYiEK'I'ATION OF FINDINGS 

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

RSS:GJC-.RCI-:i: RS?ORTS PUBLISI-iliD 

1. "Investigation of the Effect of.Intersection Illumination Upon 
Driver Behavior as J:.-1easured t:Y Galva~ic Skin Response", by 

H. C. Lott, Jr. -A 'Thesis -.A&: M College, August 1960 .. 
lr<DP 7ori1m711""UPn C::T-TRR'T'\ 
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RESEARCH REPOR'.i:S PUBLISHED (COWr' D) 

2. "Rural Intersection Illumination Studies", by Hubert 
A. Henry, Texas Highvvay Depar-tment, no. dute. 

3. "Roadside Sign Legibili~cy and Eoadv1ay Illuminat:ion" 1 

by Donald E. Cleveland, T.T.Ia, July 1960. 

4. "Driver Tension and Rural Intersection Illumina·tion", 
by Donald E. Cleveland, T~T.I. 1 1961. 

5. "Sun Shadovl Patterns on Highitlay Signs", by RobeJ:t; H. 
Olson, A & M College, no date. 

6. "Fluorescent Fixtures for Over·head Sign Illumination" 
by Don E" Cleveland 1 'r .. T.I. 1 December 1961. 

Follow-on illumination s·tudies were as follows: 

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

Research study No. 2-69-137, "Roadway Illumination 
sys'cems". 

Research Study No. 2-8-57-5, "Intersection Illumination". 



IJ.'}}is r:;t:.udy in general 
impact on local areas 

\V2.S 

of 
to 
~he 

il 
tem" 

~.E.D. xoni~oring Division 

1961 
:Lr~i ~cia.:ce d 

inc lucie an ana. lysis of the eco:1omic 
In t:e r s t:a t:e Highwa.y terrt .. T'hi·s was 

a period during wh Hig:!vlz~y Sys~em wa.s really growing up and 
many economic ques ons needed to be answered in order that ma.nagc
ment could make certa.in decisions which related to this problem. 

In geaeral, the objectives of ~chis st:udy '.-Jere to measure the 
changing land values, land use, business activity, travel habits, 
and general commun~ty development that could be associated with 
-new hig:--.way fc:cilities. 

I~1.PLEIV3l\TP. .. TION 01? FINDIKGS 

These studie·s v1ere of use by manc:gement in mc:king relc:ted decisions. 

(See Attached Sheet) 
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Land values and Land use Along Jche Gulf 
Elder 

Engineers, 1951. 

"A 15-Year S Values and Land use Along 

and Elder Engineers, 1956. 

3. - 11 Char1ges in Lanc1 Value a Land use Along Three 

Sectior:.s of t.l1e Ir:. tersta. t:e ghvlay S}lS t:.em in r_rexas" 

by C. R. Haning, H. G. Meuth, J. N. Slater, and c. V. 

Wootan, T.T.I., 1958. 

4. "Economic Effects of th2. Ca:-:1p Creek Road Improvement", 

by William G. Adkins, September 1958. 

5. nEcono:11ic Irnr)a.ct of sar1 J=:.r1tonio E>;press\~lays, U.s .. 81 

and U.S. 87, by William G. Adkins, T.T.I., December 1958. 

6. "Land Value Im9ac·~-.:s of Express\vays in Dallas, Houston 

a~nc1 Sarl Antor1io, rl•exas" by \t·Jilliarn G .. P~dkj«ns, T.T.I. 1959-. 

7. "A Study of 18 Rer,1ainder Parcels Along Houston's Gulf 

Freet.'lay" by Jesse L. Buffing·ton and \1illiam G. Adkins, 

T.T.I. March 1961. 

8. 11 Econorcic Impc.::.ct Study .P.us tin, Texas 11 by C. V. Wootan 

and C. R. Haning, T.T.I. 1960. 

9. "Economic Impact. Study - Temple, Texas" by C. V. Wootan 

and c. R. Haning, T.T.I. 1961. 



___ HPS-·1 C?Sl.Q. 
Res2a~ch Study No. 

Project supervisor 

T.H.D. Contact Individual 

Total Funds Expended 

"Road Tests on Hot Mix 

As pha_!_:t::i~ Concre -f::e ·~-----·---
'I'i~tle 

ile D-8 
T.H.D. Monitoring Division 

1960 1962 -----
Da"ce Ini "cia ted Date Terrnina ted 

Durlng 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 
tes·ting. 'I'he test conducted in this study covered the properi:ies 
of asphalJc under repet.itive loadings, field densities of hot-mix 
asphaltic concrete, information tests, etc. 

STUDY OBJECTIV2 

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

IMPLE~·illNTATION 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) 



RESEliRCH m~PORTS PUBLISHED 

l. "Behavior of Asphaltic Diaphragms to Repetitive 

Loadings" I by Rudolf A. cTimenez and Bob H. Gallc:nvay/ 

T.T.I. August 1962.· 

2. "A Limited Study of Laboratory and Field Densities of 

Hot-I'-'1ix Asphaltic Concrete in Texas"/ by Bob H. 

Gallaway 1 T.T.I. 1 January 1960. 

3. "A· Study of Hveem Stability versus SlJecimen Height" by 

Rudolf A. Jimenez 1 and Bob Gallaway, T.T.I. 1 January 

1961. 

4. "Preliminary Report of an Apparatus for the Tes·ting of 

Asphaltic Concrete Diaphragrns·", by Rudolf A. Jimenez and 

Bob Ivl. GallawayrT.T.I., cTanuary 1962. 

5. "An 1\pp.:ua·tus for Laboratory Investigations of Asphaltic 

Concrete Under Repeated Flexural Deformat.ion" by Rudolf 

A. Jimenez, T.T.I. January 1962. 



Research Study No. 
Dan R. Davis. J. Nelson slater 

-----~-----------------

"Cus_J;:.2@Qr Ee__g_g_i-:_rements ln Tranf':J?_C?_rtation" 
Title 

_Q}1a_J:l~_E) V. \tiiootar.0_ Huqo c,;. Heu th Administration 
Charles .J~._g_anill9:, ____ _ T.H.D. Monitoring Division 
PROJEC'l' SUPERVISOI{S 

__ 7_::_13__::2.:'3 __ _ _____:;:2 -2 -_c_5.::_9 ___ ._ 
T.E.D. Contact Individual Da·te Ini tiaJced Date Terrt1inab:::d 

Total Funds Expended 

'I'his f<.e search Study was eli vided into various economic studies. The 
results of which would be of value to the administration in making 
decisions. 

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

IMPLE~·S::.\'EA TION OF FiliDINGS 

RESEARCH REPOR'l'S PUBLISHED 

1. 11 The •rraffic Pattern of Ginned Cotton, Cottonseed, and Cottonseed 
Products Transported in Texas by Railway, Highway and ~~laterway for 
1952-1953'~ 

2. "Charac·teristics of Highway Freight Transportation in Texas". 
3. "A Study of the Highway DistribuJcion of Gasoline". 
4. "Transportation Uses and Preferences of the rrexas Food Industry". 
5. "A statistical Presentation of Transportation Uses and Preferences 

in •rexas Food Industry" .. 
6. "Private Trucking costs and Records". 



RES·EJ\i;;.CJ:I & DEVELOPt~'lEN'l' 

ACC0£·1 PL I SHI'-'J.EN 'l'S 

RP--3 
Research Study No. 

_Bol; r-1. Gallaway. --------------
Project Supervisor 

~A (Throuah 8-31-55) 
Total Funds Expended 

BACKGEOUND INFOHi'-1.A'I'ION 

It - • 
Jm.pr..o_yp..,.ms:;;nt~_oi_~Asohal t.lc r,Tat.erials" 

'l'i tle 

D-9 

T.H.D. Monitoring Division 

7-10--53 

Date Initiated 
10-5 -60=--

D2te Tel~minated 

This investigation concerns itself with the changes which have occured 
in asphaltic cement recovered from test roads during six years of 
service. 'I'he results of st.andardized t.ests and special test.s pc:rformed 
on the asphalt are shown to compare the initial properties of the 
asphalts with subsequent changes in physical and chemical properties. 

'I'he trend of changes in asphal"tS occurring with age is presented and 
tentative recommendations are suggest:ed for the specification of 
asphalts, in order to improve or to make better use of certain 
fundamental properties of asphalts. 

STUDY OBJ-ECTIVE 
'rhe primary objective of this investigat.ion was to obtain a general 
trend between the original properties of asphal~and the service 
connected changes. 

IMPLEMENTATION OF FINDINGS 
The results of this research study were used as a basis for writing 
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 Haterials" 



RESEARCH & DEVELOPt·lEN'l' 
ACCONPLISHl{ENTS 

HP-4 
Research Study No~ 

LawJ;:ence A. DuBose 
Project Supervisor 

T.H.D. Contact Individual 

~ 3 4 .~..l!.!:L_LL----'-'------
Total Funds Expended 

BACKGROUl\fD INFOPJ.VLJ\TION 

"A Corctp3:ehensive Study of Fac·tors Influenc
ing tha Load Carrying capacities of Drille~ 
and Cast.-in--fl_lace Concrete Piles" 

Title 

D-5 ------------------------------
T.H.D. Monitoring Division 

7-15-~3 --
Date Ini tia·ted 

5-l-57 
Date Terminated 

'The result.s of Research Project-4 have been prepared as two reports, 
Part l and Part: 2. Part l covers the following: Field Explorat.ion 
and soil Test Results; SR-4 Gages and P~essure Cells; ~ompression Load 
Test Results on 7 and 8 Inch Diameter Piles; Compression Load 'I'est 
Hesul ts on 10-Foot Effective Leng·th St.raight Shaft Piles; Compression 
Load Test Results on 13 and 14 Inch Diameter straight Shaft Piles; 
Compression Load Tests Hesults on Underrearned Piles; Compression Load 
Test Results an Specially Placed or Designed Piles; and Tension r..,oad 
Test Results on straight Shaf·t 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 cap~cilities of 
drilled and cast-in-place concrete piles. 

IMPLEMENTATION OF FINDINGS 

Results from this study sho>t.red that the utilization of skin friction 
a~d 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 R.SPORTS PUBLISHED 

Part 1 - July 1956 
Part 2 October 1956 



RP-5 ·-----------
Research Study No. 

"Non -De st::ructi ve rre s·ting of Welds 
in tructural Sb:el" 

Title 

I2..0J1.aJ d E • \-:I~Js,_Q.~_&_B_,. __ _t_'_,_}:i.........J":1 u ll s 
ProJ"ect sur)ervisor ·r· u D ~Onl"t·or~na Dl.Vl.Sl"o •. u .• 1 0 l."· J--'- :J ' - n 

------------------
T.H.D. Contact Individual 

___ 1? -} o __ -..;:_s-=--2 __ 

Date Initiated Da"ce Termina "ced 

_$_1JL "'-L~~-"':··"---------
Total Funds Expended 

BJI,CKGROill1D INFOR1'·1A'I'ION This report is concerned 
with the problem of. inspec·ting welds in structural steel 
by non'-dest:ructive me·thods. With emphasis on ·those aspec·ts of the 
p:r:oblem peculiar to highway bridges, p:r.esent practices a:r:e described 
and the need fc,r 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. 

IMPLEYillNTATION OF FINDINGS 
This study primarily laid the groundwork for further research on 

b · 1 · l · ~ · · · 1 of d · su Ject. Furt1ermore, lt out lneo tne prlnclp e non- estructlve 
ing methoc?s currently in use and developed a bibilography on the 
subject. 

RESEARCH REPORTS PUBLISHI:~D 

this 
test-

one report was published and it has the same title as the study indicate, 
above. 



RP-6 

--~3 1879.14 
~Potc:.l l.7llTidS r~Oed 

"some ractors 1\ffecting the Life of s·teel 
Pilin s in ·the 'Texas Gulf Coas"c Area" 

File D-5 -----------------
T.H.D. Monitoring Divisio~ 

4-·1-54 ---- ___1.9- J,_G-5_§. ___ _ 

Dc.rte L1i tiat.ed Date 'l'erminc:"ted 

'l'his report. covel:s the corrosion study as applied to underground members 
of highw~y structures of the Gulf Coast area of Texas, an area 50 to 75 

miles wide, extending from the Rio Grand~ 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 
corro§ion is anticipated. It indicated where corrosion surveys should ·be 

dana, . f r. • d . . l } l 1 f . f ma e wnere 1nsu. :rJ.clent ata lS a val a) e. T:1eory o · corros1on o- steel 
in water and soil was developed and a ~ibilography was developed. 

STUDY 0:2J2CTI\73 

The objective of the study was as follows: l. To determine if there lS 

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 charac"ceristics 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? 

The only report published is entitled the same as the title given above. 



RP-7 

Truman R. Jones, T. J. Hirsch 
_an~LHens_Qn K~_s_t..cu:;ibenson 

P:coject. sor 

T.E.D~ Contact Individual 

Total Funds Expended 

"Use of Pr-efabricated and/or Pres·tressed 
_.t.~ls.' men t E", ___ i1L.It:t::...i qg e Structure s 11 

Th::le 

T.H.D. Monitoring Division 

--=l---"'0_-..::2: l-59 
Dat.t..:; Ini tiat.(~d Date:; Te:craina ·ted· 

31\CKGi.ZOU~:~D I~FOR.:A'::i'IO::.\ This study was a very comprehensive study of 
structural quali t:.y lightweight ag9regate and lightv;eight aggregate 
concrete using aggregates produced in Texas. 

STUDY OB,JEC'riVE 'l'he objec·ti ve of the study was as follows: 
l. 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 light.l.>v'eight concr:ete s·tructures makes it 
very desirable to make more general use of this material. 
3. The more advanced design principles adopted in recent pa.st and those 
that will be adopted in the future demand a thorough knowledge of the 
properties of the material to be used. 

IXPI.:S2·3~\'::.:.::c_TIO:~ 0? :r!'Il.'WINGS 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 lightv.'eight concrete. 5. The physical properties of structural 
quality lightweight aggregate concrete. 



RJ:::SEl\:RCH & DE'/.ELOPHENT 
ACCOJVU'J..JISB11EN'l'S 

RP--8 -------------·------. --".w.Highlli1+.----S.Q~U13 __ " ___ _ 
Research s·tudy No~ Title 

T. J. Ke l+_y __ _ File D-8 ·---Project Supervisor T.H.D. Monitoring Division 

__ l 9 5.;....7 ___ , - 10-_,'?_-60 ·-----T.H.D. Contact Individual Dat.e Ini·tiated Date Terminated 

£1..10 r 833 • 1$. 
':rotal Funds Expended 

BACKGROUND INFOF...Ki\TION rrhe investigation wl1ich forms the basis for 
t.h:i.s study was undertaken to increase ·the s·tat:e of };:nowledge concerning 
a rational relationship of repea·ted loadings to elastic and plast.ic 
deformation in the flexible pavement system. This goal \·las approached 
by undertaking and evaluation of exis·ting flexible pavements through a 
study of the load deformation relationships in the pavements. 

STUDY OBJECTIVE The objectives of the study were as follo>dS: 1. Present 
a method of evaluation of the load capacity and life of flexible pavements 
under repea·ted loading. 2. Develop criteria based on t,rends of measured 
pavement deformations to be used in 9elineating whether a fl~xible pavemen· 
is performing elastically, progressing toward elasticity, or progressing 
toward failure. 3. Select 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· 
bili ty of measuring repe ti ti ve 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 t.o guide a future lar.ge 
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 HEPORT PUBLISHED 

l. "A study of certain Elast~c and Plastic strains Induced in Flexible 
Pavement Syst.ems by Repetitive Wheel Loads". 



RESE/\RCH & DEV'J:":I ... OP;v)]_·~N'r 
ACC0fv1PLI SI:IHEN 'l'S 

--~R~E~-----------------Research Study No. 

..ch_arlg_§ J_: Keese. __ _ 
Project Supervisor 

~.H.D. Contact Individual 

.fu}J , 5 A 8 ._3_,__..L3 _____ _ 
Total Funds Expended 

BACKGROUND INFORHATION 

"'l'he correlation of Design and Operational 
__Q}1a:r.:_acteristics of E::::pressways in .Texas" 

Ti i.:le 

File D-8 
T.H.D. Monitoring Division 

2-14-57 1--2 0-~)9 
Date Initiated Da·te Terminat.ed 

Because of the lack of sufficient information as to the inter-relationship of certain design features and their combined affects on certain operational characteristics, this research study was undert~ken to explore the opera·tional characteristics and determine what features warrant specific study and analysis. The City of Houston and the City of Dallas cooperuted in the project. 

STUDY OBJECTIVE To determine the correlation of the effects of certain design features on the various operational characteri~tics on expressways. 

I.MPLEM;?.NTATION OF FINDINGS The results of this study serve primarily as a basis for future follow-on studies and it has served well in the following areas: l. 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 l.anes. 5. The influence of barrier fences, median barriers, and placement in various lanes. 

RESEARCH REPORTS PUBLISrlliD 

"The Cor·relation of Design and Operational Characteristics 
of Expressways in Texas" 



Research Study ~o. 

John lv1. Graham 
---~·---------·-···~-

Project Su~ervisor 

T.H.D. ContacLindividual 

Total Fun~s Expended 

T 

"$t):-es_s l\nalvsis in Field During and 
1\.fter Construcb_o;;:---;;f Special Prestressed 
Composit.ei -Bc~am Span" 

__ _,F~ .. ile D-5 
T.H.D. Monitoring Division 

1954 August 31, 1959 
- -----. 

Da·te Initiated Da·te Terrnina ted 

BAC~<G::<OL;-::.;;D E\l~Ol<.v;J::..TIOl\' 'rhis 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 anchor bolts. The jacking
up of the steel beams at the centerline of the span re~ults ~1 a tension 
stress in ·the top flange of the st:eel beams and a compression stJ::ess in 
the bottom flange of ·the steel beams. Shear devices are welded :i.n place 
on the ground with the steel beams in an unstrained position. 'l'he steel 
beams are not jacked-up until all forms for the concrete slab are in plac 
and the reinforcing sJceel is· in place in these forms. The weight of t.he 
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 \ ... ,eight 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 
per hour. 

STUDY OBJT:':CTIVES The objectives of this study were as follows: 1. 'ro 
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 deflectioredue 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 ~f 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 de sign p!~ocedure s, the test indicated t.ha t the design 
of this type is economical, and lastly Jche tes·t developed more 
satisfactory construction procedures. 

RESEAl~CH ImPORTS PUBLISHED 

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



Research Study No. 

T. R. Jones, <Jr. 
Project Supervisor 

~-~-D. Contact Individual 

~pprox. $16, 000. 00 
Total Funds Expended 

"An Evaluat.ion of 'rrini ty River Aggregates 
of Marginal Quality for Use in Portland 

_ _cement Concrete Pavements" 
Title 

___ Fi_le,_____.,D"'---8"'--------
T.H.D. Monitoring Division 

1957 June 1959 
Date Initiated Date Termina-ted. 

BAC~:ZGIWU1~D INFOP.2,1A'l'ION por many years the Trinity River sand and gravel 
deposits in the vicinity of Dallas have provided aggregates of excellent 
quality sui table for making struct~ural coricrete of the highest type. 
Unfortunately, these deposits are being rapidly exhaus"!:ed. In the same 
general area, hov1ever:, there is a large potential supply of concJ:ete 
aggregate which by c.ertain 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 ~50 pounds per 
square inch,as required by the specifications, at normal cement factors. 
Aggregates from some of the other pit~ produced marginal str~ngths and 
frequently failed to pass. 

S'I'UDY OBJECTIVE It was the objective of this investigation to evaluate thes 
materials that produced concrete of marginal and sub standard quality to 
determine the causes for the poor performance and to develop methods {or 
the detection and control of such deleterious materials as may be present . 

. some 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.Further
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. 

~PORTS PU3LI SI:-IED 

"An Evaluation of Trinity Ri ve_r Aggregates of Marginal Quality for use in 
portland Cement Concrete Pavements", Final Report. 
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Division 

9-24-58 10-l-59 --- ----
Dat.e Initiated Da~ce Termir1z:t t.e¢1 

'rhe overall objective of this study was to furnish to the Department 1 s 

Right of Way Division, informa·tion ':ihich could be used in the Division 1 s 

continuing review, evaluation and improvement of its various functions. 

Also, it was anticipated that findings might be of val~e in right of way 

appraising, in dealing with property owners, and in the prosecution of 

condemnation cases. 

STUDY OBJECTIVES 
I. To develop case histories of remainders from partial takings 

including subsequent values and uses. 
II. To develop a file of case histbries of representative remaind~rs 

'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 FI~~INGS 
This study was conducted during the time, essentially when the Highway 

Department was newly charged for acquisition of right of way. Therefore, 

the results of this study were valuable as a basis for a framework of 

reference for this new responsibility. 

The report has the same title as indicated above. 



RESEARCH 8: DEVEL'JPME:N'r 
ACCOl·2LISHi·1EN'I'S 

CharJ.es J. Keese and Others Assisted File D-8 -------· Project Supervisor 

Paul R. :l.'utt 
T.H.D. Contact Indiv1dual 

:I'O tal Funds K>:pended 

-----T.H.D. Monitoring Division 

_ January _1959 _ 
Da. te Initiated 

BACKG.KOurm INYORMNl'ION Tnere vrere four different phases of study inc1uded 
in this effort. Tney vre1·e as follovs: (1) Study of Freevay Emnps (2) Driver 
Behavior and Its Relation·to Ramps (3) Design and Signalization of Intersections 
and (lf) Dc:osign and Operation of Diamond Interchanges. ~,he ra'1lp study vras con
ducted on freeways in If.:1llas, Fort 1-iorth, San An·ton:l.o and Houston. Tne study 
locations '\·Tere speci fj_cally selected to provide data on various types of' ramps 
operating under different volume concli tions. 

Investigations have shown that many of the operational problems encountered at freeway entrances are the direct results of undesirable 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 traffj_c operation. If 
a high-level of service is to be obtained on urban high·~<mys and major arterials, proper design and signalization of the intersection on these f'acili t:i.es is imperative thus this portion of the study. 

There rras 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 density control equipment was the most desirable for the use of signalized diamond :i.n terchanges • 

S'l'UDY OBJECTIVE 'TI'1e objectives of the study were as follows: (l) the objective 
of the freeway ramp portion of the study was to develop data on the ope_rational 
and traffic behavlor aspects of the freeway ramps or operation in order to provide 
the designer rlith data that will enable a coorelation of re~lJJP design ¥lith 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 "ras to study peak periods of traffic 
demands. (4) The-objective of the design and operation of the diamond interchange was to perform operational studies at an existing dia~mond interchange to evaluate 
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S'l'UDY OBJECTIVE, continued 

signal phasing arrangement and to study the adaptabi.li. ty of actuated signal equip

ment to diamond interchange operation. 

IMPLEM.i~NTATION 01" FINDINGS As a result of the free\·m.y ratnp 

revised ramp design standards and sol:Je of the findings of the 

was included in the Design Manual published. 

"'tudv +}-Jr.> De"I)"'-,..·tr·oe'·l1"'· 
to..;) ' ._1 J V ...._.. G,.J. ..._1.. t..,.. 

research on ra.mps 

The driver behavior portion of this study was also a valuable guide in the help 

to desj_gn the manual. 

'lne third phase of this study that had to do \vi th the stucHes of the cloverleaf 

and the three-level diamond interchange provided va1uable data to the Department 

-y;hich actually defined the advantage and disadvantages of the cloverleaf inter

change under both high volume and lmr voJ.ume conditions. 

It was d.etermined from the design and signalization porU.on o:f the study that the 

traff:tc actuated volume dens:i.ty control equipment vas the most dcsireabJe ·for use 

at signalized cUamond interchanges. 'I'he over1ap phasing arrangement is adaptable 

to actuated equipment and can accommodate large volurne of traffi.c. Based on 

these results, control equipment is nmr available through commercial sources and 

is in operation throughout the country. 

RESEARCH REPORTS PUBLISHED 

(l) Driver Behavior and Its Rela t:Lon to Freeway Entrance Ram_p Design 

(2) Freeway Ramps 

(3) Design and Signalizati.on of High-Type Intersections 

(4) Design and Operation of Diamond Interchanges 



I.ffiSEARCH 5: DEVELOPYLENT 
ACC0f.1PLISH1>5EN'l'S 

RP-17 
Research Study No. 

Charles J. Keese & Assistants --------------------------------------Project Supervisor 

f\1. v. Greer 
~.H.Do Contact Individual 

J 

~,_1_?.._9.. ],"-"1=-----
Total Funds Expended 

" 
-~peed zoning" 

'I'itle 

File D-18 

T.H.D. Monitoring Division 

January 1959 
Date Initiated 

October 1961 
Date Terminated· 

BACKGROUND INFORMATION 'This study was. conducted in t\vo pha;c.c· s. In t.he 
first phase of the research project, comprehensive "before" a11d ''after" 
studies were conducted in 186 spot speed study locations to det~rmine 
the effec"c of speed limi·t signs on traffic speeds. This large numbe1:· of 
studies permitted an analysis of the data for conditioris when. the speed 

---·· ····--·-··Tl.rnTts \·iere ·changea··tronr-·6o··ctovm 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 ~rban conditions. The 
factors causing the variation in speed alB enumerable. 

STUDY OBLTEC'I'IVE The objectives of the study were as follows: l. An 
evaluation of the effectiveness of speed limits establ.ished on the 
basis of 85- percent type of speeds. 2. The second· phase ~bjective of 
the s.tudy 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 proceaures of est~ablishing. speed limits. 

RESEARCH REPORTS PUBLISHED 
l. Vehicle Speed and Placements serving on Two-Lane Rural 

Highways 
2. Vehicle Speed and Placement survey on TWo-Lane Rural 

Bridges. 
3. Freeway Bridge vehicle speed and Placement survey. 
4. A Study of the Factors Influencing Traffic Speeds. 



HES·EARCH & DEVELOPivlJ~N'J., 

l:,.CCOI1PLI SENENTS 

RP-19 
Research St.udy Noc 

J. R. Jones, cTr. 

Project Supervisor 

Charles t,1atlock and l''. M. 

T.H.D. Contact Individual 

$39,663. ]2 

Total Funds Expended 

1he Ef:fect of' Curing Atr Content and 
Certa:i.n Physica.l 

D-5 and D-8 ·-------------------
T.H.D. Monitoring Division 

November 1959 
Date Initiat:ed 

October 1961 
Da"ce Terminated 

BACKGROUND INFORl"'.LATION 'l'he n:search i·ms directed tmmrd a. study of curlng 
Portland cement concrete and the physical properties of concrete at early ages. 
'l'he portion of the study dealing v:i th curing concrete dealt 1-1i th the follm·ring 
aspects: (1) PlJysico-chemical aspects of curine;_; (2) Importe.nt physical properties 
of cement , and concrete j ( 3) Placing and fJ.nishing concJ:ete j 
( 4) Curing me thocls and ( 5) periods . 'l1H:: pOl'Uon of the study d.eaJ.inc; 
with physical properties of concrete at early ages >ms directed tmmrd tlu,; folJDH
ing: (1) Hatching and molding specimens (2) Curing of specirc;ens (3) Flexural 
strength (4) Compressive strength (5) Bond. strength (6) 'fensile t.er.;ts (7) Modulus 
of elasticity (clym.<.mic) (8) Shrinkage) coefficient of expansion and. contraction 
and ( 9) F.Y.tens i biii ty 

STUDY OBJECTI\lE 'I'he overall objective of the study wa.s as follows: (1) to 
study what happens to a batch of cOncrete from the time the mixing •mter is added, 
and (2) to gain an tmd.erstanding of the physical properties of concrete at early 
ages. 

IHPLE.L-1ENTATION OF FINDINGS The results of this study have been useful as 
a basis for specification ·writing and follm-1-on research 

RESEARCH REPORTS PUBLISHED 

(1) A Report on the Physical Properties of Concrete at Early Ages 
(2) A Report on the Curing of Portland Cement Concrete 
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RP-21 
Research Study No. 

Project Supervisor 

T.H.D. Contact Individual 

$6,321+.55 
Total Funds Expended 

Dc:ve1opment of TrD.f:fic Su.:r.vcy Device 
for Coun 'I'raf'fic 

Title 

T.H.D. Monitoring Division 

Ncyve;-;1ber 19:59 
Dab.~ Initiated 

October 1960 

Da"ce Termina tc:d 

BACKGROUND INFOI01ATION 'l'ne ]ijghive.y Dep11rtment \{£:J.s :i.n need of a relia.ble 
compact portable detector to be used <rith a traffic survey system. The systi:::m 
used durl ng that time \..'as a detection devi.ce using a road tube hav}.ng disadvan
tages vrld.ch it w.;.r; desired_ to overcome. 'I'l1e diGacJ·-rantap?s were that it \ras 
difficu1t to ins maintenance vias a problem over a long period of time under 
heavy traffic 1 . and. i.t vias vi sable to mot0rists. 

Pre1iminary stucUes hacl indicated a need for detailed investigation of the effect
iveness of. a detector :i.n picking up :i.nfared radiation by the heat generatinc; parts 
of a vehicle to mo.k.e such an instrument useful to highway survey tabulations. 
Consequently, ti--ro detectors \.'ere designed and tested. One was a photo-conductor 
type using two mct(::hed lead sulfite detectors in a balanced bridge circuit. 'J'he 
other 1-ras a Phot.oelectromagnetic type detector us:lng an ind.iunt antemoni te crystal 
in a magnetic field as the detector. 1'.he latter of these proved to be the most 
effective detector. 

STUDY OBJECTIVE The ob,jective of this investigation ·uas "to determine the 
feasibility of design of a detector to overcome a limitation of air impulse road 
tubes used in traffic survey systems". 

IN.PLEYlEN'l:A TION OP FINDINGS It ioTaS 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 p0inted the direction that further 
development should go in the event that the Department 1·ras interested in doing so. 

RESEARCH REPORTS PUBLISHED 

(1) 
(2) 

D2velopment of Traffic Survey Device 
'l'he Des lgn and Construction of an Infrared Detector for Use vli th a 
Hi,shway 'l'raffjc Survey System 



RP-23 
Re~earch Study No. 

Larry H. Dellon ------------------
Project Supervisor 

T.H.D. Contact Individual 

$2L__226 .18 
~otal ~Fu11c1s Exper1ded 

'1L_Stu~y of Factors Infl_uencing_ tbe 
Performances of Flexible Bases" 

'I'i tle 

T.H.D. Monitoring Division 

November 1960 
Date Initiated 

October 1962 
Date Terminated 

B.:\CIZG::<Om;rD INFOR':•11\.TION-Engineering evalua.tion of the strength of 

materi?ls a1d related properties is based on progressively increasing 
the st:resses to produce failu1:e. Many instances exist that make the 
normal procedure inappropriate due to tepetitive stres~es, application 

and releases~ Noteworthy illustrations of this or the materials com
prising the pavements and subgrades of highways and airfields which 
exper-ience 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· intended to serve 
to partially fulfill the gap of engineering knowledge. 

STUDY OBJECTI'ii'E 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. 
I.LviPLm·lEl\Ti-'"1. TIO:::\ OF FINDINGS 
This study was designed primarily to fill the gap in knowledge available 

for a basis for follow-on studies. 

R:::SEARCH :KEPORTS PUBLIS:E-lED 
•Effects of Repetitive stressing on the Strength and Deformation of an 

Angular, coarse Sand" 
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RP-25. ____ _ 
Research Study No. 

Charles H. samson, Jr. 
--~------------

Project Supervisor 

Jl9~t:il.C..~_C_._Hoy _____ ·-·----
T.B.D. Contact Individual 

Total Funds Expended 

"Pile-priving Ana_lysis .by the Wave 
~qu~tJ.o!l" Title 

____ .::..F..::::i;.::l:..:e D-. ...:5::-.> -----

T.H.D. Monitoring Division 

_Q_ct_Qper 1960 
Da~ce Initia"ced 

___Q_c_tobc::Ll9 6 L_ 
Date Terr'lina te.d 

BACKGROuSD DJFOID:ATION 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. 

S':LUDY O:DJECTIVB 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. 

IivlPLEivi£'1\'I'J>;.'riO:\i OP 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. 

R3SEic:-zCH RSPORTS PUBLISHED 
"Pile-Driving Analysis by ·the wave Equation" 
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ResG:arc11 S.j~udy No. 

T_.~~U- r sc h 
Project Supervisor 

p_.___c_,___J3._1m d..:..v __ 
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Total Funds Expended 

"Pil.§? Bg_1}_a.vior During Df_;L ving" 
Title 

File D-5 
T.H.D. Monitoring D~v~s~on 

oct:ober 1961 
Dat:e InitiaJced 

October 1962 ----
Date Termina:ted 

· BACXGROU::\'D INFOR.\lf'.'I'IO:;; For several dec.ades engineers have been seeking a 
me·thod 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 comput~ 
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 abou·t 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 deleviab 
this problem. 

STUDY OBJECTIVE The objectives were as follows: 1. Develop methods of 
instrumenting prestressed coricrete 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 gooc 
agreement with the measured values determined under actual conditions. B~ 
using judicious engineering estimates of the dynamic properties of the 
materials involved, computer program can now-be used to predict the maximl 
compressive and tensile stresses to be expe~ted during driving. specif
~cally the information resulting from this study was a great factor in 
establishing specifications. (As a re su'l t 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 fo1: the study.) Additionally, this 
study made i·t possible ·to specify the p:::-oper hammers to use, the 
type of rams or velocities and cushion specs. 

HE STUDY POP.'TS PUI3LISHSD 

"Stresr;c;~s in Long Pn:ost;:essed Concrete Piles During Driving"· 



RESEARCH & DEVELOPMENT 
ACCOMPLISTh'1ENTS 

__ 3,L;-..;..'.0-63-54 
Resear~n Stqdy No. 

Dr. Clyde E. Lee. 
Project supervisor 

George Carver 
~.H.D. Contact Individual 

$36.226.30 
Total Funds. Expended 

BACKGROUND INFORMATION 

"A Porlable Electronic Scale for 
weighing Vehicles in Motion" 

Title 

File D-10 
T.H.D. Monitoring Division 

196.3 1968 
Date Initiated Date Terminated 

The need for an efficient method of weighing the wheels of a moying highway vehicle is pressing, ·particularly since high speed, con
trolled access highways have become a reality. On roaqs such as 
our Interstate Highway system, it is no longer safe her feasible to · .. - --------S'Eop··-ven:tc-les· ·on w1dene-a--:sn:c:YiiTders· ·for we igh-in·g· and measuring. 

STUDY OBJECTIVE 

The objective was the development of a completely portable scale for weighing highway vehicles 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. 

IMPLEMENTATION OF FINDINGS 

A highly successful whe~l load transducer has been produced and tested under.laboratpry and field conditions and a recording system is being 
developed under. contract by the Delco Corp. 

(SEE ATTACHED) 

RESEARCH REPORTS PUBLISHED 

Research Report :54-lF "A Portable Electronic Scale .for 
Weighing Vehicles in Motion" 



Te""" H!ghwn:r Department 
li,orn1 433--n 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE MEMORANDUM 

Mr. R. L. Lewis 

J. s. Wright 

Research Study No. 3-10-63-54 
"A Portable Scale for Weighing 
Vehicles in .Ylotion" 

Reference your m~morandum of February 14, 1969, relative 
subject research prriect. The final report on this pro
ject has been completed and distributed. Implementation 
of the study results, by the Department, is discussed as 
follows: 

1. The development of a portable scale transducer 
for weighing in-motion vehicles was accomplished 
and is furnishing satisfactory results. Changes 
in the physical cons·truction 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 
alleviate 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. 

JEW:mjc 



3-8-63-55 
Research Study· No. 

J. Neils Thompson 
Project Supervisor 

B. F. McCullough 
T.H.D. Contact Individual 

$25,960.97 
Total Funds Expended 

BACKGROUND INFORMATION 

RESEARCH & DEVELOPMENT 
ACCOMPLISHMENTS 

Critical Mechanical Properties 
of Structural Lightweight Concrete 

Title 

File D-8 
T. H. D. Monitoring Division 

1963 1965 
Date initiated Date Terminated 

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 tensile, 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 change:; 
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 relat:tonshlirp;;between Critical Mechanical Properties and 
Age for Structural Lightweight Concrete. 

2. To study· the volume change eharacteristics 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 PREPQR~S PUBLISHED 

55-ll 

55-2 
tJtJ-3F 

Relationship between Critical Mechanical Properties and age of Structural 
Lightweight Concrete. 
Volume change in unstrained structural Lightweight Concrete 
Critical Mechanical Properties of Structural Lightweight Concete and the 



RESEARCH & DEVELOPMENT 
ACCOMPLI Sfll.'J.ENTS 

2-8-63-59 
"The Effects of Off-Ramps on 
Freeway Operation" 

Research Study No. Title 

: w. R. McCasland File D-8 
Project supervisor T.H.D. Monitoring Division 

P. R •. Tutt 1.963 1965 
T.H.D. Contact Individual: · Date Initiated Date Terminated 

$60,459.82 
Total Funds Expended 

! 

BACKGROUND· INFORMATION · . 
Studies ha.ve indicated that .the off-rc;l.mp is ancritical element. ~f 
a freeway facility ·arid contributes significantly :to· both desirable 
and undesirable operat·ions. If.maximum efficiency is.t.o.be . 
o:Ptained from 'a freeway, the off-ramp must ·'be ··locai;:ed; ·.¢lestgned. 
and operated to ·.II\inim;i,ze ariy adverse aff~cts em main-lane .freeway. ... 
flow and to per'rriit ·maxirr{hrri''utilization of .the facility~.· After .. 
considerable consideration of the problem, thEi= <;lefiniti"on, of several . 
factors of ot'f'""ramp location, des'ign and opera'tipn:. th,at could affect . 
the operation· ot' freeways was determined •. ·These: fac.tors. are enume.~ated 
as follows: L. · Decel~ra;tion di;stance ~ · 2'. Of·f..:.:ramp capa?i ty. 
4. ~hort trip ge:heration ~ 4. · weaving ·maneuvers. 5 •. Access· control. 
6. Access provision. ,. 

. . ~:· . . 

Research on the off-ramp prc:ij~ct was .;directed towar.d an investigc:ttion 
of each of the above factors.·· :',;·· 

STUDY OBJECT:j:VE. 
·To evaluate the· effect on freeway operation of: 1. . Fre·quenc:::y of off
ramps. 2. various arrangements of off-ramp·s. 3. . T6tal effect of 
off-ramps. 

IMPLEMENTATION OF FINDINGS 
The findings of this· study served the .b~sign Eng'irie~r in briri:Lng about 
'a beiter und~rstanding of the problem. . . 

. '• 
'RESEARCH REPORTS PUBLISHED 

59-1 "The Effects· of Off-'Ramps. on Freeway b,Peration 'as· :Related 
to Dec~lerat;Lon Distance and Off:-RampCapacity" 

.• ':' 
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2-8-63-59 

59-2 "The Effects of Off-Ramps on Freeway Operation as 
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" 



2-8-63-60 
Research Study No. 

R. L. Smith 
D. c. Cleveland 

Project supervisor 

Joe wright 

RESEARCH & DEVELOPMENT 
ACCOM.PLISI-L.V.LENTS 

"Traffic Assignment" 
Title 

File D-8 

T.H.D. Monitoring Division 

1~63 1967 
T.H.D. contact Individual ·. Date Initiated Date Terminated 

. $83 1 000 
Total Funds Expended 

BACKGROUND· INFORMATION . . ; . , , :· . . . .. 
The availability of rapid computing ma.chines has st:i:.mulat~cl 

the· improvement of· techniques forforecasting the·usage.of planned 
highway networks.· ·The· £or(2!casti.ng' problem consists of two parts~ -

· pr~diction ·of i~terzonal interchange 1 desires· :an:d :assi~g:t}me11:t of · · 
these des:Lr.es to a Highway system~ The resear9h was directed i;:owC!rd t, 

the second of thes~ area~ .g-·i:merally .. called traff.ic. assignment •.. 

. . . 
STUDY OBJECTIVE· 

The gene:r;al·· object,ives of the research study was to investig'at!l:e · 
an improved techniqu·e of forecasting futu:ie use 'of. urbari highway. 
syste_ms as related to the· assign~en~ of tr.a.ffib.' . ·. 

/· 

IMPLEMENTATION OF FINDINGS , · . . . 
This stucy included both tr.affic .assignmen.'t ·a:n.Ci. tr.ip .ge~eration, 

developed the Large systems Traffic ASsignment Package,' which is ·the 
only one of its ,kind in exist.~nce. . This. m'ade. i'( P()SSible, for us to 
aS'sign existing. and future . traffic to va:;-iable systems y-7itbin t'he. 
Dallas-Fort worth area. Tllis .. could riot·havE;! been.done ·without the 
development of this program package and ·the methodolbgy developed 

. by this study.. This same project made ,it P.()Ssible. to refine and 
improve on existing Bureau of. Public Roads I ·assignment. techniques 
for smaller area·s. ·The basic improvemer:-ts were in bot.h.man power 
requirements for preparation and in actual compute.r running time. 

RESEARCH REPORTS PUBLISHED 

2-8-63-60 

60-3 

.60-4 

"TraffiC: Assignmerrt·" 
... 

.. Traffic Assignment Plot. Systems £or IBM 1401 
<;l-nd IBM }09-90-94 .Data Proce'ssing Systems'' 

- . 11tJt;iliz13tibn. of·· <::::omputer Blotting in Traffic· 
! .:.__ .. 



Page TWo 
2-8-63-60 

60-5 

60-6 

60-7 

60-8 

60-9 

60-10 

60-11 

60-14F 

"Operating System Manual for Revised 

Texas Traffic Assignment System" 

"User's Manual for the Texas Large 

Systems Traffic Assignment Brograms" 

"Availability of secondary Data for 

Determining Employment and sales by 

Traffic zones" 

"The Effect of zone size on Traffic" 

"Manual of Texas Traffic Assignment 

Practice" 

"The Effect of Turn Penalties on Minimum 

Paths in Coded Street Networks" 

"Outline of a Proposed T.H.D. Trip 

Distribution Model" 

"Summary Report on the Traffic Assignment 

Study" 



RESEARCH & DEVELOPMENT 
ACCOMPLI SHJ.VJ.E~S 

1-9-63-61 
Research Study No. 

w. H. Moore 

Project supervisor 

W. H. Moore 

T.H.D. Contact Individual: ·. 

. $3,595.55 

Total Funds Expended 

"Development·of Instrument for Non
Destructive Measurement for Concrete 
Pavement Thickness 11 

Title 

D-9 

T.H.D. Monitoring Division 

196.3 

Date Initiated Date Terminated 

. ·,1 •• .-~~"' ..... t 

..... · . " 

BACKGROUND· INFORMATION .. A non-des.tructiv~- te€lt method for measuring the. 
· thickness of concrete pavement .is. ~ought in the interest of economy and to ·:: 
eliminate coring am associated structural damage.·· A stuQ.y of .such a deviqe 
using ultrasonic waves is describ~d in this report. A simplified P.iscussion · 
of ultrasonic wave· phenomena preceeds a: general descrl.ptiqn·of !;::Qe electronic· 
equipment used in this f;ltu«;ly • Since much of the difficulty of building such a 
device was found to· li.e wi.th :tr~sducer development, a detai.led explanation. of. 
the study supervisor's progress· i.n this di.rection is covered~ ·'Due: to li.mited 
manpower problems thi.s study unfortunately had to' be :di.sconttnued bef,ore com':" 
pleting the study.. ·· · · · · · · · ·' · 

' ·~ 

.•.·'' 

/· 

'. 
" .. ', 

ST"uDY OBJECTIVE ;rt was pr.oposed. to develop a.n.ei~ctr6~i~ lrtstru.inent employ.;. 
ing mechanical v.ibra'tions Of ultr~.'f"SOnic frequency, Which WOuld ind~cate the 
.thickness of concre·te pavement. ,, .. 

IY~LEMENTATION OF FINDINGS 
·anyone continuing this. study. 

'RESEARCH REPORTS PUBLISHED 

This study has :rep¢r.ted .wi.lJ. be useful to 

' ' 

61-lF nDevelopment of. Instrument for Non-·nes.trU.ctive Measurement for. 
Concrete Pavement Thickness" . 

. ' 



RESEARCH & DEVELOPMENT 
ACCOM.PLISHJ.VJ.ENTS 

'. 

1-5-63-62 "Insulation of Bridge Decks" 
Research Study No. Title 

Larry Walker File D-5 

Project supervisor T.H.D. Monitoring Division 

Larrv Walker 1963 1967 
T.H.D. Contact Individual ·. Date Initiated Date Terminated 

'$29, 649.98 
Tota.l Funds Ex pen de d 

BACKGROUND· INFORMATION 
This study was ·conducted· on· U.S. High'o/ay 87. ove.r the Fort W6r.th and . 
Denver Railroad in Wichita Falls.,;, Texas. :The west structure· was 
ins~lated with. sprayed.urethane-foam ~/4 :Lnch thick fbr the south 

···one half ·and 'one and one fourth inch ;1:or the. north o~e., half •. The 

adjacent structure was po-t;:,· insulated and ·served. ·as a· cont·rol ~. 

structure. 
'I ', 

Temperature da'ta. were collected f~r various locat.ions within th~ 
bridge slab and ana·lyzed. Results of·,,thi:.s and. qnalysi~ _show th~t: 
there was no reduction 'in the number of ·fr,eeze"":th.aw eyelets due. to 
the. insulation,· however~.. the _average freez~:-th~w ¢ycle J,.ength ·for 
the top surface o-f the insulated slab between I.:...tieams .w_as approxi
mately two hours shorter than the cyc;le. length_::l~or. the· uninsulated 
slab. ..:· · .. 
STUDY OBJECTIVE . · · · 

To investigate· the effectiveness .and ec-onomic fea,;S~bility of in-; 
sulating the u~derside of ·th~ bridge·. deck ·to -vreverit fhe formation· 

of ice on the slab surface prior to.such formation on 'the adjacent 
highway pavement, and to decrease the _number of fr~eze.:...i:haw ·· 
cycles, thus.min~imiz:Lng the need f'or appiying deicing salts. 

IMPLEMEN';['ATION OF FINDINGS 
This study indicated what. not to do, and that ·is, the re·sults showed 
that insul~ting the underneath .side of .the bridg~: ·deck with. sprayed 
Urethane foam did not significantly reduceL :the number .of· freeze-thaw 
cyc.les of the bridge deck, or materially. aid iri preventing the· formation 
of ice on the top surface· of the deck. . . 

RESEARCH REPORTS PUBLISHED 

62 -lF .' 1 Insul~tion of Bridge :pecks· for Ice ·;Prevention and 
· Reduction of :Freeze-Thaw Cycles" 
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RESEARCH & DEVELOP~.LENT 
ACCO.M.PLISHJ.V.LENTS 

'' I 

"Preparation of Geologic Information· 
1-8-63-63 for Use in the Texas Hi9hway Depar~m~J:)t,". 

RGsearch Study No. 
H. A. Henry 
James L. Brown 

Project Supervisor 

H. A. Henry and ,Tames r.. Rrown 
·T.H.D. Contact Individual: · .. 

.. <' ' 

$'66 r 276 • 76 
Total FundsExpended 

Title ,, 

D-8 
----~~------------------------ . T.H.D. Mon~toring Division , 

; . 

,• 

: ,'. :,. 
BACKGRO'OND· INFOR"1ATION • . .·· , .. . .. 

' . 

At the time. this study .was. started there .existed '.a. need for a.. . 
complete geo+ogic' re'ference developed expressly for·highway engineers 
which would be';immediateiy.available for use· ':i:n rou,te .studies~ l<,)cation,,': 
d~sign I construction' and maintenance·. :·The "ex,istirig' wor~,/ whether a .I 

· small area .base ·material. investigation. report ·o:r; .a larger area. district.~. ; 
geologic report·~ a·ll,.-needed' to be su}±i~m~n·ted ·:by ·ad<:"fi ti~:>nal inye stig~- · · 
t;ions and developed . .into a standardize.d p1.lbi'ic.?tt.ioh •. The. ecoriom;ic · · · ·;·· 
value of the'. €mgine~ring ·.geologic' work 'dc,>ne, ·i::o 'pate,: ~or, engineer'ing . :·.·: . 

. purposes in .·the . . Te~a·s .Highway. Depart:ment:.was: we).~: documented·. ; ..... ' . ·. 
• Engineers had begun_"to.; us~ ·,this .. tooi:'an.d,· :·.~£. :(:~:rl1.r~e:l~.·-~o~ld.\lse.: it·:rro,re·. 

if it were more· r~·a·d~lY .. ·~·va'ilCl::ble .•. : ,:•.>.;. .;:,'' · ·::··; .·)::·i.' .. ': . ·:· · ... "', .: , : .. · .. · 
.,'' •' ·,.' 

· . 

. STUDY OBJECTIVE ; . ' 

~To correlate all available',informat;,ion· .. ·from existing ,geo.1ogic map?, 
written reports and investi'gations,. mateJ;"ial~ .. arid. tes.t .. reports of . 
exami:o.~d. samples, $.oil ma.Ps.~ behavior ·.st.udi.es :of existi'~g roadways· and 

·.make field arid. la~ora.tory investigat;ion,~ :ne~ded ··tg. p~·epare a complete . 
highway engineering 'geologic study for c~itain. area.s ,of. the State. · 

. . . . . : .. -· . . :, ' ' ·. .· :- '· .. : ' . \ ' ~-. . ·. . ' . . 
IMPLEMENTATION. OF FIND:CN:GS.: · j>pe re sul't:s~;.cS£,: this .'study; ha:ve :he en used 

,. . ' ' : . ' _' ~: ' ·~ ' ' ,. . . . . . ' ,• .- ' :_ . '. ' . . : . ' 
in the field as plarui.ed: ... 

. . · 
.•, 

'. 

· . RESEARCH REPORTS PUBLISHED 
,1.·. '. i' ;':: 

. . ' 

·, .. ,· ... 
63-1 · · ·"Geo.logy.· of.'·. Tex~s .Highway Depa.r.i:mert't .. :·~.:p.ist.~ict 9 ... " 

• ' , • ' ',: 0 · • 0.. " ' _ ,' i ' 1: ~ ';• •:, - • , ''< ' : 
0 

I '_. . ' •', ' \' 

' . j!_ .' .._:.:,' :I 
,• : -~-' ;: ., 

,·,,· ,:· .· .. 
,·· 

1·,,··. ·.·: ' '.-

'._I' 

.. · 
. .. 



Page 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 ll" 

., 



RESEARCH & DEVELOPMENT 
ACCOMPLISHLv"J.ENTS 

2-8-63-64 
Research Study No. 

c. V. Wootan 
Project supervisor 

W. F. Frey 
T.H.D. Contact Individual:· 

Total Funds Expended 

"An Analysis of the Availability of Economie 
Base Information in 19 Urban Areas in Texas'' 

Title 

D-8 
T.H.D. Monitoring Division 

1964 
Date Initiated Date Terminated 

BACKGROUND· INFORMATION One of the req~i:r:eniet}ts . in tire d.evelopmept. ~f ~. urban 
·transportation ~ystem is that ail analysis be I!lade qf the availability of ec~;niomic . 
base· information for the ·urban· area .under consideration.·. Mter .which this. information 
is used in makirig .·the, economic ·base study required for :the. development of an ur-ban 
i:;;r-ansportatic;m s·ystem. This study· inciuded 19 ·of>th.~ ~jar ilrpan; areas in. Texas. 

< ~ • ' • • • • ~ 

'-: '·: 

. ·· . 't' • 

/· .. 

; · . •.. 

STUDY OBJECTIVE . Tl)e objective of this. study :vtas~ t~ detennlne whether the economic 
base information .. could be obtained', in various :fields of.inquicy, as well as to point 
out areas in which there was not<adequate pul?lications· to support an ecron,omic base 
study. Furthermore, the study included only publ~catior\.s av:ail~ple in· the specific 
urban areas being surv~yed. · ' 

IMPLEMENTATION OF FINDINGS· 

In general,. :this. !3tudy. served the purpose. for which it ~a.s ':i.nterided and was used 
in mak:i,ng the base economic ~tudies required.·. 

' .. 
'RESEARCH REPORTS PUBLISHED 

•. 

Final Report. :.. 'iAn .Analysis of the. Availability. of Economic Base ·Informa:tion 
In 19 :tJrban Areas·· in ~xas 11 



RESEARCH & DEVELOPMENT 
ACCOMPLISHlVJ.ENTS 

2-18-63-65 
"Analysis of Access Violations on Controlled 
Access Facilities" 

Research Study No. Title 

Charles Pinnell D-18 
Project supervisor T.H.D • .Monitoring Division 

Roger Spencer 1969 
T.H.D. Contact Individual' · Date Initiated Date Terminated 

·$4,884.95 
Total Funds Expended 

> ·,1' ··"'·"'""" f 

,-"'" .. 

, ,. --.. . , " .· - . ,- r , ' - . , , ·-

BACKGROUND· INFORMATION Experience .has sl;l.oWri.\ls that 'it is not enough m~n·ely' to· 
build freeways but that we must. deliver to th~ public safety, comfort and cpftvenience. 
Furthermore, that the· freeway must have. a highdegree o:f;ope:rational attention. 
Control .of access,· one :f'eature·of freeway·design, impli.es that tb.e•right to light, 
a_ir, view, a.p.d access are controlled .by· public ·autho;rity •.. · How~v:~, there were 
indications that the access cont;r:<;:>l feature of design was being violatefd and that . 
.additional controls· were requirect. to insure access control.· · For·this reason~ this ~· 
study was initiated:. · ·• · · · •· · · · 

. . ~ 
I I, ' 

., 
·STUDY OBJECTIVE 

• The g~~erSJ. obj.ectives of tnis ·stU.Ay. -w~~r; t6 .dE;!termine the ext.ent 
and causes of access yiolat:ior;.s on controlleli .access facili-ties' and .to 'provide data 
that would be useful ,in controlled existing· access 'vip,lations. ap.cl i:n·anticipating and 
eliminating future violations. In detail, .the specific objectives Qf the study was 
as. follows: (l') to cat.alog the~ type of. acces.s violations on ·controlled acc.ess 
facilities. (2) to determine the extent and;:causes ()f access :Violations. (3} tO. 
determine the effecti~eness of vari9us design and· cojntro}, ··.:features presently.being 
utilized to prevent access vio'latioris. · 

•'' .. 

IV.J?LE.MENTATION OF FINDINGS 'Ihe objectives of this stu.dy were attained and 
·the results have been timely, very useful and wortr;rwhile~ specifically, the study 
results wer.e used to help. de'fine the problem~ identify correctiv:e measures .required 
and to deterinine indicated optimum solutions.' . 

. '• 
'RESEARCH REPORTS PUBLISHED 

65-lF "Analysis of Access Viola,tions·on Contl;'olled Access Facilities" ,, 



RESEARCH & DEVELOPMENT 
ACC O.M.PLI SHJ.V.LEN TS 

2-15-63-66 
Research Study No. 

Hoy A Richards 
Project Supervisor 

w. 0. Threadgill 
T.H.D. Contact Individual 

$101,993.87 
Total Funds Expended 

BACKGROUND INFOfu~TION 

"Frontage Roads and Economic Development" 

Title 

File D-15 
T.H.D • .Monitoring Division 

1963 1968 
Date Initiated Date Terminated 

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 recognizedthat this massive facility 
would have a significant impact upon the present and future 
economy of the State. The exact nature and extent of this impact, 
however, could not be accurately estimated on the basis of previous 
experience with older type facilities. 

This study was part of an overall research program designed to 
provide information to the Department to assist in decision 
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 
geographic areas served by the facility. More specifically the 
S·tudy was intended to· provide information about the importance 
of frontage roads on ~ndustrial plant locations. 

IMPLEMENTATION OF FINDINGS 

This study served management in a general way as related to the 
object·ives stated above. 

RESEARCH REPORTS PUBLISHED 

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

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



RESEARCH & DEVELOP~£NT 
ACCOHPLISHMENTS 

2-18-63-67 
Research Study No. 

Dr. Wayne McCully 

Project Supervisor 

Mr. Roy Rodman 

\ 
\ 

T.H.D. Contact Individual 

Total Funds Expended 

nEstablishment and Maintenance of V-egetation 
on Highv1ay Right of Way" 

Title 

File D-18 

T.H.D. Monitoring Division 

September 1963 

·Date Initiated 
August 31, 1969 

Date Te rrnina ted 

BACKGROUND INFORHATION 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~pcurring maintenance resulting soil erosion ~n slopes and in ditches. 
Vegetation should be used where possible as an alternative to concrete rip rap to 
cover the faces of slopes. Sp-ecifications exist for establishing vegetation, ei thef 
by ·seeding or sodding in eastern Texas and by seeding in western Texas. These 
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) To 
adapt recommended agricultural methods of plant control to highway requirements. 

IMPLEHENTATION OF FINDINGS 

(See Attached Memorandum from Mr. Archie J. Sherrod to 
Mr. R9bert L. Lewis, dated March 9, 1971 regarding this 
study implementation of results). 

RESEARCH REPORTS PUBLISHED 
67-6 "Promoting Establishment of Vegetation for Erosion Control" 
67-7 "Establishment of Bermudagrass Seeded with Annual Ryegrass" 
67-8F "Erosion Control on Roadsides in Texas" 



'f"f'XftS }IIp;I\Wft)' ll<'pnrtntf'nt 
l<'orn1 433-ll 

FILES 
47407--1259--SOrn 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE MEMORANDUM - ' 

14r. Archie S. Sherrod Da~Feb. 19, 1971 

R. L. Lewis Responsible 

Research Study No. 2-18-63-67 
11Establishment and Maintenance of Vegetation 
on Highway Right of Way" 

~· 

Desk ----D-3---R------------------
750.67 

As you are aware, the above subject study was completed 
some time ago. Undoubtedly some of the study resuits 
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. 



Te'"'" Hlghwny De}'nrtment 
Ji<'<>rm 43.'l·B 

47407-1259-50m 

INTEROFFICE MEMORANDUM 

TO: Mr. R. L. Lewis 

FROM: Archie J. Sherrod 

SUBJECT: Research Study 2-18-63-67 
Establishment and Maintenance of Vegetation 
on Highway Right of Way 

Date ' 1971 

Responsible 49 
::<:~1/l 

Desk ._D_-:JB:':'L. __________________ _ 

Reference is made to your memorandum of February 19, 197-1, 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, w·e 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 necessitated 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. 

In our experimental work in seeding for erosion contro4 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 erosion control costs. It was felt that 

after a period of say three to four years that all of our right of way ~vas 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 p;'iipertl';~wner," less,as."g result of thisr'w~;k. () /ff; -; 
~:-<U ~ ~~7'"77_,.\ i (;,c/ 1 /~~ -f 

RSR/ jbk 

--3-!0. (~E3 



RESEARCH & DEVELOPMENT 
ACCOMPLISffiVJ.ENTS 

'. 

2-5-63-68 Sign Support Structures 

Research Study No. Title 

C. H. Samson D-5 
Project supervisor ... : . T.H.D. Monitoring Division 

Dr. Leon Hawkins Sept. ;t, 1963 I' August 31, 1966 . 
T.H.D. Contact Individual Date Initiated ·Date Terminated 

·$102,895.11 
Total Funds Expended ·,i ~,.~~,,... t 

,...,•'. 

BACKGROUND· INFORMATION Large signs are nec:eqsary to provide adequate ~ :i..gning for 
today Is high-speed freeway trafific •. These are :POSitioned over the. roadway oi' near the 
edge· of the pavement because of the complexity/of multilane .. :faci1ities and· t:r~ffic 
operation there~n.' Furthermore, .. their.~:?ize calls for la:rg~r and stronger struc·tural 
m~mbers to support .them and to give resistance ·against forces indtl.9ed b.Y the wind. 'I'h€ 

· formidable solidity. of the< structural support:s. required .for these; s'ignf?.has r.esulted inl. 
their constituting .a de:finite ''S~?-fety hazard for occupan,ts 'of vehicles that. C?llide with 
them. · · · · 

' .. ··. 

·• 

I. 

STUDY OBJECTIVE The objectives of the research wa~ to· d,esign. and test sign supports: 
(1) with substantial. reduction in.'. the tptal mas~ invo.lved, (2) · wh.±ch themselves. will 
yield under the 'impact of collision; and (3) .whi·ch will readily d:i.:sconhect from their 
foundation when struck by a vehic.le.· 

I.VJ.l?LEMENTATION OF FINDINGS .. The res tilts of. this test. are common knowledge. Present. 
·breakaway signs are being ·used and installed· throughout the state~ Additionally, the 
ideas developed are being us.e·d not· only in. Texas but ·in many other states and foreign 
countries. ·Furthermore,· the Bureau of Public: Ro13-ds me1de .the foll"owing statement: As a 
result 'of this research, countless lives have already beensav'ed, arid it has' furthered 
research Of O•t:Q.er safe.ty aspects .• ' The tremendous amount 6f :applicati()n a;Lready underway 
by several state Highway Departments· testifies to .the research having proved quite succes; 
ful. This project is undoubtedly one of.the most su<::cessful ever e;onducted for.highway 
safety. . · · 

RESEARCH REPORTS PUBLISHED · . 
68-1 Hirnpact Behavior of Sign Supports" 
68-2 "Impact Behavior of Sign Supports - II" . . 
68-3 "An Investigation of Collision of Automot'ive Vehicles with Breakaway Highway 

Sign Supports" · ·· . 
· CQ 1;., lin ____ ,.:..~.:....~_.._· ~-"' n~~nl'~ /\,;.:.,,. CH ,.,.., q,...,.,..,l"\.,..+<:! <:.ror'l R'Tr~+.+.Pfi R+.PPl Pl R.T.f> MPI"hR.ni C'R.l 'liiHlf>fl 



3-5-63-69 
Research Study No. 

Howard L. Furr 
Project Supervisor 

Larry Walker 

RESEARCH & DEVELOPMENT 
ACCOMPLI SEJ.Vl.ENTS 

11 Creep in Prestressed Lightweight Concrete 11 

Title 

File D-5 
T.H.D. Monitoring Division 

T.H.D. Contact Individual 
September 1,1963 
Date Initiated 

August 31, 1969 
Date Terminated 

$80,752.43 
Total Funds Expended 

BACKGROL.i1\JD Il\JFORJ.Vi.l\TION Lightweight aggregates are used in str.uctural 
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 gird~rs is 
relatively new, and questions had arisen as to the ·behavior of these 
girders in service. 

SYuDY OBJECTIVE The objective of the study is to develop information 
and methods whereby'creep and attendant deflection of prestressed 
concrete bridge girders made of lightweight aggregate concrete may be 
predicted with acceptable precision. 

H1PLEIY.!.EN'I'ATION 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 f~PORTS PUBLISHED 

69-1 11 Creep in Lightweight Agregate Prestressed Con.crete 11 

69-2 11 Creep in Prestressed Lightweight Concrete 11 

69-3F 11 Prestressed Loss and Creep Camber in a Highway Bridge with Reinforced 
Concrete Slab on Pretensioned, Prestressed Concrete Beamsu 



RESEARCH & DEVELOPMENT 
ACCOMPLISHMENTS 

2-5-63-70 "Chemical Admixes for Concrete" 

Research Study No. 
Truman R. Jones, T. J. Hirsch 
and D. L. Ivey 

Project Supervisor 

C. R. Rea 

T.H.D. Contact Individual 

Total Funds Expended 

Title 

File D- 5 
T.H.D. t-lonitoring Division 

September 1, 1963 

·Date Initiated 

August 31, 1966 

Date Terminated 

BACKGROUND INFORMATION Chemical ad.mixtures may be used to make certain 
desireable changes in various physical propertj_es of plastic in hardened. concrete. 
Some admixtures retarq the initial set and counteract the adverse effects of 

temperaturej some accele~ate the setj some reduce the water requirement for 
a given workability, most of them increase the ultimate compress·ive strength, etc. J 
It ·had been found that many of the admixtures, even while accomplishing the 
immediate objective, have an adverse effect upon the drying shri~k.:age of· ·the 
concrete. One of the major problems at that time ivas 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 
vari~tion in the formulation. 

I.t)l'PI.;'E'MJ:;N'-l'ltTibr:r O:F'""F'!Nt:r.r'NGS 

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

RESEARCH REPORTS PUBLISHED 
70-1 aThe Effect of Chemical Admixtures on the Drying Shri11.kage of Concrete and 

the Control·of Chemical Uniformity of Admixtures 11 

70-2 Unpublished . 
70-JF 11Effects of Chemical Admixtures in Concrete and Mortar" 



.; ~l_I~..-;!tl-vny D<."pnrtnl<"llt 
... t.l-d 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE l'viEMORANDUM 

Mr. R. L. Lewis (D-SR 750.70) Date February 23, 1971 

Wayne Henneberger 
\ 

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. 

_____ _)): . .,.5 _________ ------------

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:rgw 



FLLES 
'I'f'xas lilghway Department 
Fornt 43:1-D 

47~07---1259---SOrn 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE MEMORANDUM 

Hr .. vlayn.e Henneberger 

R. L. Lewis 

Research Study Noo 2-5-63-70 
"Chemical Admixes for Concrete" 

DateFeb. 19, 1971 

Responsible 

Desk ·--------D~B--R-------------
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 o£ the 
Department's effort. 

It is respectfully requested that a statement be pre
pared for the official record and eval~ation 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. 



RESEARCH & DEVELOPMENT 
ACCO.M.PLISIW!ENTS 

Deleterious Materials in Concrete 

Research study No. Title 

· D• L. Ivey D-5 
Project supervisor T.H.D. Monitoring Division 

C. R. Rea Sept. 1, 1963 Aug. 31, 1966 
T. H. D. Contact Individual: · Date Initiated Date Terminated 

Total Funds Expended 
·' .•""·"'""' f' 

,.,' ,, .• 

BACKGROUND· INFORMATION Specifications fol;'· cb':qGrete ::igg"rega tes represent.~· compromise 
·between the desire for a: perfect materia'l and .the necessity for.using mater;La1s that are· 
economically available. In many instances the :engineer Ci.sfacedwith the problem of 
writing .a specif.ice.t:hon to limit a certain property ari¢1.. find's that sufficient.· information 
c~mcerning t~at property,~ or how ':to meaS'Ure it. ·:j.s no.:t a:yailabl'e ... ; These enCOUJ:J.ters hav;e 

· resulted in the use of such phras~s as ''harmful amoun.ts\ 11excessive a.n:iounts'~ or. in the 
assignment of·some arbita.ry,quantitative measure.· As exp~rience'is:gained these arbitr~r 
quantitative measures have 'be~n ·adjusted fi-rst. i!l. one. df.rection. then in another, result
ing in s~rious los$ of ~.onfidence in .some spec~fication~.~ . One. of the .. examples of ti1is 
type of specification· is in the ;3.rea of 'cleaniiness. of conGrete ~ggregates. · 

This researc1i i~clud~4 a study of the exis:ting, test ~ethod~ . (sal1,d equi.val~nt .and 
loss by dec'antation) used to detect clay in concrete; aggrega~es, and a .study of the ' . 
effect of various amoU:Uts. of .clay with vari9us liquid limits on the strength, shrinkage, 
and fr~eze-thaw durabilii;y ·of. concrete •. · The work nec:essa:dly included the determination 
of clay fractiO!l proper,ties of co~c!rE;te aggregates from ;pJ..t(s witl;lin.·the state o;f Texas. 

•• . • . ~J 

STUDY OBJECTIVE (1) Tb study methods of· tesi( for-'deteTin,inirig the clay content of 
concrete aggregates·. ( 2) Tb dete.rmine the effe(!tS of clay content _Ori the strength, 
shrinkage and durability of concrete .(3.) TO .. relate. t.hese 'effects.· of' c.lay on the ' . . . ' 

properties of. concrete to results' of· tests f'o:f <ieterming c"lay c~nt~nt of',the aggregates.' 

I~~LE.M.ENTATION OF FINDINGS 

As a result. of this .research', AdministrativeG~rcular NO. 24-67 dated March 28, 1967, 
was ·published. In part; ,the Administrative Circ:u:Lar eliminated tbe loss by decantation 
tests as a f·ine aggregate. requirement and replaced it with ,the sand ·equivalent tests· 
requiring a minimum value of 78.· · 

.. 
'RESEARCH REPORTS PUBLISHED 

71-1 "Correlatio.n of Concrete Properties With· Tests ·for Clay Content ,of Aggregate" 
rr , , ' · ·· u , · · ·-' · 

71-3F Clay, Aggregate and Concrete 



RESEARCH & DEVELOP~illNT 
ACCOMPLIS~illNTS 

1 -5::..63-72 
Research Study No. 

r.arry Walker 
Project Supervisor 

H. D. Butler 
Larry Walker 

T.H.D. Contact Individual 

$8.996.08 
Total Funds Expended 

BACKGROu~D INFORMATION 

"Study of Electrically Heated Bridge 
Decks for Ice Prevention" 

Title 

D-5 
T.H.D. Monitoring Division 

1~63 

Date Initiated 
July 24, 1968· 

Date Terminated 

This study consisted of the-design, construction and study of three 
electrical heating systems for bridge decks to pi:"event ice. The 
three systems we're as follows: 1. An anti-icing system for a heavily 
traveled structure with deep approach grades arid no f'rontage roads. 
2. Electrically heatedcables 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 provisions for testing 
a variety of cable spacings and slab depths. 

Temperature data and visual observations were collected f~om the above 
stru.ctures and analyzed. Results of these analyses 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 investigating the feasibility and 
e··ffectiveness of heating a ·bridge slab to prevent the formation of ice, 
and to determine criteria ·for the design of heating. systems. 

IMPLEYillNTATION OF FINDINGS 
Results of this study yerify the design criteria and procedures used 
in designing an ele_ctrical heating system for a bridge deck in Amarillo, 
Texas. Also, the findings of this study have been used by various other 
state~ in designipg electrical systems for ice prevention. 

RESEARCH REPORTS PUBLISHED 
7 2 -lF -"Study of Electrically Heated Bridge Decks for Ice Prevention" 



RESEARCH & DEVELOPMENT 
ACCOMPLISHMENTS 

1-9-64-74 
Research Study No. 

·c. w. Chaffin 
Project Supervisor 

C. w. Chaffin 
~.H.D. Contact Individual 

$5,830.73 
Total Funds Expended 

BACKGROUND INFORMATION 

11 A Study of.the Application of 
Proposed New Test Methods and Speci
ifications to Asphalt Cements in Texas" 

Title 

D-9 
T.H.D. Monitoring Diyision 

1964 1965 

Date Initiated Date Terminated 

As a result of the research work carried out by the·Texas Transportation 
Institute, it was proposed in 1963 that the Department replace the. 1962 
standard item No. 300, Asphalt Cement Spec·ification. Therefore I to 
gain additional data on the effect of these changes on asphalt quality 
and laboratory r~quirements needed for control under these proposed 
specifications, certain investigations were·planned. 

STUDY OBJECTIVE . 
1. To determine for all Texas sources the full range of penetration at 

77° Fahrenheit that might be supplied under the proposed vi.scosity grades. 
2. To compare the indications of the proposed vriscosi ty test wi.th the tlilm 
film test as used in the 1962 standard Specifications. 
3. To estimate the work load, laboratory equipment, personnel and space 
needs, and time involved in testing the large number of samples needed 
fo·r control of the volume of asphalt used by. the Department. This in
formation would thEm be available to pass on to prqducers so that·they 
could make the necessary preparations for production control. 

'IMPLEMENTATION OF FINDINGS 
After considerable work was accomplished. on ·this study, the need for the 
results where no longer necessary since .the Department adopted .viscosity 
graded asphalt specifications in early 1965. Therefore, the study was 
terminated and Federal participation was completely withdrawn. 



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. 



RESEARC~ & DEVELOPMENT 
ACCOMPLISHMENTS 

\ 
!' 

1-8-6~--75 Studies in I11 u_rntna tt on" 

Research Study No. Ti -t;Je 
.I 

Fi.le D-8 

Project Supervisor T.H.D. Monitoring Division 

,. fvf~ Carl l~·-13-64 

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

Total Funds Expended 

BACKGROUND INFORMATION 

STUDY OBJECTIVE (See Attachment) 

IMPLEMENTATION OF FINDINGS 

RESEARCH REPORTS PUBLISHED (See Attached Sheet) 
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Texa!l Highway Department 
Form 4~B 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE MEMORANDUM 
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282855-670-20m 

Date 31, ·1 

Responsible 
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'l'f":t:t.::."'~ 
li"UYJT! 

TO: 

FROM: 

SUBJECT: 

47407-12G9--50m 

Mr • E . M. Car 1 Date Feb. 19 1 1971 

Responsible 

Research St.udy No. 1-8-64-75 

"Supplernent.ary Studies in Highway Illumination" 
Desk _________ P::fLJL __________ _ 

750-75 

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. 



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

"SupplemenJ·al Studies in Highway l_llumination" 

INTRODUCTORY REMARKS: 

The subject research project was initiated in 1964 to extend over a period of 5 years 

at a tol·al estimated cost of approximal·ely $300,000. The purpose of this research was to update 

the then existing criteria for highway illumination design for which there have becm 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 developedi and, it was possible to adequately light these 

facilil-ies with 30' mounted 400 watt mercury vapor luminaires. As increasing urban freeway 

traffic demands increased, it became necessary to expand these facilities to eighl"-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 evidenl that improvements in our highway illumination design criteria were needed. In 

recognition of this need, the subject project was inil'iated to explore vorious means by which 

such design criteria might be improved. 

PHASES OF RESEARCH: 

1. The initial phase of this research involved the developmenf· of equipment ond 

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 ot 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 a similar 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 spa~ed 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 I ight 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%. 



These tests were conducted for bot·h single and dual-mounted units; and, from 

the research findings of such lcsts, it was evident that a median installation 

of such units wouid conl-ribute 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 1-he median areas which were protected by a 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 limii·ed number of median installations have been provided on divided freeway 

sections where a depressed 40' J-o 48' median existed. These instcdlations of 

50' poles were on frangible bases without the protection of median barrier guard 

rail. The field experimenl-s 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 lotier type of installation has been considered lo 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 installations, inasmuch as there is a recognizable factor of traffic safety 

involved. 

2. 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 c.onstant 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 basesi 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 rai I or some other roadway feature which would prevent the dangers 

inherent in a vehicular impact with such poles. 



In order to provide furiher documentation to the Federal Highway Administral"ion 

for the alrec1dy established T.H.D. policy regarding frangible bases, extensive 

vehicular crash tesls of various types of poles were conducl·ed at the Research 

Annex ofT. T.!. of the Texas A & M University. As a result of these conclusive 

crash tests, the Bureau of Pub! ic Roads of J·he Federq! Highway Administration 

directed all states to begin installing breakaway features on highway illumination 

installations. During lhe course of f·hese crash J·est evaluations, a small cast 

aluminum insert having a hoight of about six inches was conceived and dcsig ned 

by the members of the Highway Design Division as a remedial means for con

verting previously insl·alled rigidly mounted lighl· 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 i mpocts 

and knock-downs over a period of iwo or three years confirmed !-he fact that 

this small cast aluminum insert did, in facl, 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. Hov1ever, J·he difference 

in the cos!· of the small cast aluminum insert and the standard cast aluminum 

base was not considered to be significant enough lo warrant the use of such 

inserts on new inslallati ons. It was also subsequently determined t-hat in the 

''change out" of previously installed rigidly mounted poles that it would be 

more desirable to provide the 20" height standord cast aluminum base rather 

than J·he six inch high cast aluminum insert. As a result of the foregoing 

crash J·esls and evaluation of breakaway devices for lighting poles, as conducted 

at the Texas Transportalion lnsf·if·ute, it has been found !·hat a majority of the 

50 stales in the Uniled States are now uti I izing the cast ol uminum transformer 

base to provide a frangible shear linkage for lighting poles which are not 

protected by other means. 

3. Another phase of the research which was not iniJ-ially conlemplated in the 

initiation of the subject illumination project was that of so-called "high-level 11 

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 .I. were conducted with a 122' telescoping tower at the top of which ten 

1000 watt flood I ights had been mounted. This equipment was tested at !-he 

Research Annex at T. T .I. and showed considerable promise in that it lighted 

a circular area of considerable 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 1221 telescoping tower with the ten 1000 watl 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 flood I ights. 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 resul ~s of this installation proved 

encouraging and forrned 1-he basis of several insl'allations which were provided 

al" different points in the stote 1 however, as a maHer of economy, these 

insta!ial·ions, at heights of 100' 1 utilized triangular shaped radial type trans

mission towers with the len 1000 watt unils fixed at the top; Later, as the 

operation and evaluation of the prototype- 1001 pole was thoroughly tested and 

evaluated, it v,ras recognized that the scope of this type of lighting system could 

be expanded and improved if a higher mounting height were to be uti! i zed. The 

increased height of the mounting appeored to be warranted in order to reduce 

the glare which was produced J·o some extent at the 1001 mounting height. As 

the result, the originally installed 1001 pole was laid down and a 501 extension 

was added to it, after which the original internal winching system and the 

external ring assembly was again added J·o ihe pole and furt·her photometric 

sl·udies vvere made of this system at a height of 1501
• The finding from this 

study was so encouraging that the Texas Highway Department lhen began planning 

actual field installations of such I ighting in interchange areas on certain of our 

freeways. As the studies of the lighting characteristics produced by the 1501 

mounting height with J·he ten 1000 watt units progressed 1 it became more evident 

that such lighting was necessary and justified in order to provide lhe driver a 

panoramic view of his surroundings in a complex interchange area. This type 

of lighting would be in contrast wilh the previous installations of lighting units 

along each of the separate roadways and turning movements within rm;lli-level 

interchanges which, thereby resulted in so-called "tunnel lighting". In other 

words the driver was provided illumination only along the road\vay which he 

was traveling within the interchange area and he was not afforded J·he 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 variotions of this originally 

conceived design by the Texas Highway Department and the Texas Transporl"ation 

lnstitute 1 the basic principle is still the some and is now apporently accepl"ed as 

a standard method for illuminating interchange areas. 

SUMMATION: 

Reference is now made t<?_ 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 exJ·ent the research was implemented. And, in addition, requested an estimate of the 

economic impact which the results have hod 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 J·hat this study was quite effective and resulted in the 
first comprehensive upgrading of highway i!luminal·ion criteria, not· only in Texas 
but in the United Stotes. This effectiveness can be readily measured by the consi
deration of three factors: (1) by increasing the optimum height and spacing of 
highwoy lighting unii-s it was possible to not only improve the quality in scope of 
lighting bul" 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 J·esi"ing and confirmation of the effectiveness of frangible 
breakaway bases for the mounting of highway light poles. The introduction of this 
feature, not on! y in Texas but elsewhere in the United States, has undoubtedly 
resulted in the saving of many lives by eliminai"ing the previously utilized rigidly 
mounted poles which had for many years been standard design crii·eria throughout 
the United States. (3) The developmenl and improvement of l·he High-Mast lighting 
concept for interchange and area I ighting has contribuled a significant item to the 
improvement of driver safety cmd operation within interchange areas of freeways. The 
foci· that this concept of area or interchange I ighHng has been accepted by many 
states is indicative of the foci· that the concept has provided a major i mprovemen1· 
in the illuminotion of large interchange areas and has contribuled materially to the 

comfort and safety of i·he driver in such areas. 

Suggested Improvements in Operation: 

It is presumed that this question refers to the operation and conduct of research 
project. Since the successful conduct of research projects such as the one under 
discussion is coni"ingenl upon both communi cation and correlation between the cooper
ative agencies involved in such research, it 'Nould be difficult to isolate any particular 
areas where improvements might be made. Since such operations 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 Division 
was most excellent; and those who were directly involved in this speci fie research 
endeavor are greatful for the assistance and cooperation extended in the administration 
of this project. 

Research Procedures: 

There were n!Jmerous modifications and changes made in the research plan for this 



project during the five-year duration of the project; cmd, it is recognized that the 

frequent reorientation of the objeclives of the project must have certainly created 

some difficulties and needs for readjustment of planning. However, il· is believed 

that greater accompl ishmenls in applied reseorch can be achieved where there is 

sufficient lat·itude for change to permit the evaluaJ-ion of new ideas and new concepts 

as they might evolve from the pre•.1i ous research efforts. Had such ad jusl·ments and 

reorientation of objeclives not been possible within the scope of the research under 

the subject· project 1 it is doubtful that as much would have been achieved and 

accomplished as the project appears to fuve contributed to the further improvement 

of highwoj illuminal·ion 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 proje,ct, 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 }mpoc_!: 

There are no readily available means by which to evaluate the overall economic 

impact of the results obtained by the subject illumination research project. However, 

it is possible to evaluaJ·e the impact of this research in Texas by actual comparison of 

highway illumination costs on a "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 cosi" of the operation and maintenance of the specific projects which involved 

fewer units and a lesser cost for the power to operate them. · 



3-5-64-76 
Research Study No. 

A. A. Topraic 
Project supervisor 

Larrv Walker 

RESEARC~ & DEVELOPMENT 
ACCOMPLISHMENTS 

\ 
"Fatigue Strength of Stud Shear Connectors 

in Lightweight Concrete" (Push-Out. Test) 
Title 

File D-5 
T.H.D. Monitoring Division 

1966 

T.H.D. Contact Individual 
April 24, 1969 
Date Initiated Date Terminated 

$7,958.13 
Total Funds Expended 

BACKGROUND INFORMATION In a bridge st~ucture 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 
I 

shear connector used to transfer the necessary shear for compressive 

action is the headed-stud. The ease and economy with which such 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 regular 

(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 fatigue strength of stud-shear connectors when lightweight 

concrete used is made with aggregate produced in the State of Texas. 

IMPLEMENTATION OF FINDINGS The results of this study were used to 

verify results obtained from similar tests performed 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-lF "Fatigue Strength of Three-Fourth Inch Studs in Lightweight 

Concrete" 



llliSEAl\CII & DEVELOPMENT 
ACCOI-''LPLI SI-IJ.\ffiN'l,S 

?--5-64-77 
Research Study No. 

A. A. Toprac 
Project Supervisor 
Larry \\Talker 
R. v. Vander Straten 
T.H.D. Contact Individual 

$37,462.16 
Total Funds Expended 

"Fatigue Strength of Plate Girder Wel::s Under 
Constant Moment" Title 

File D-5 
T.H.D. Monitoring Div~sion 

4-13-64 Oct. 2, 1967 
Date Initiated Date Terminated 

R:C,CKGROu-:ND INFOlliiATION 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 b~idge 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) 

IMPLEl·'~NTATION OF FINDINGS (See Memorandum referenced above attached) 

RESEARC~ REPORTS PUBLISF£D 

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

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



TO: 

FROM: 

SUBJECT: 

4 7407-l2:1!J---·lJOrn 

INTERO~FFICE lV1EI\IIOitANDUM 

Mr. R. L. Lewis (D-8R 704. 8) DatcMarch 18, 1971 

Wayne Henneberger 

Research Study No. 3-5-64-77 
"Fatigue Strength of Plate Girder 
Webs Under Constant Moment". 

Desk _______ p..,._s ___________________ _ 

/ 

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. 

RVS:rgw 



RESEARCH & DEVELOPMENT 
ACCO.r.tlPLISllivlENTS 

3-8-64-79 
Research Study No. 

Robert D. Turpin 
Project Supervisor 

Mr. H. A. Henry 

~.H.D. Contact Individual 

$10,992.15 
Total Funds Expended 

"Numeri-cal Methods for Radial Triangulation 
from Aerial Photography" 

Title 

File D-8 

T.H.D. Monitoring Division 

1964 May 1966 
Date Initiated Date Terminated 

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 usu·ally time consuming and often prove to be 
quite 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-lF "NumericaJ,. Method for Radial Triangulation" 



3-5-64-80 
Research study No. 

Phil M. Ferguson 

Project Supervisor 

Larry Walker 

RESEARCH & DEVELOPMENT 
ACCOMPLI SfuV.LENTS 

"Strength Effect Of Cutting Off Tension 
Bars In Concrete Beamsrr 

Title 

File D-5 

T.H.D. Monitoring Division 

1964 
T.H.D. Contact Individual' Date Initiated 

February 15, 1968 
Date Terminated 

$54,221.17 

Total Funds Expended 

BACKGROUND INF0Rl.\1ATION Sixty-four concr.ete peams reinforced with #8 of #11 
bars (largely A432) 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 stirrups to 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 inc.nes 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 );!ercent and one more than 40 per cent. The investigation was 

-then extended to £nclude possible remedial measures. 

IMPLEMENTATION OF FINDINGS The results of this study supported ~ change which had 
been made in the. design 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 reinforcement bars be located at a vertical 
reaction. 

RESEARCH REPORTS PUBLISHED 

80-lF "Strength Effect Of Cutting Off Tens ion Bars In Concrete Beams '' 



2-15-65-82 
Research Study No. 

William D. Franklin 
Project Supervisor 

w. 0. Threadgill 

RESEARCH & DEVELOPMENT 
ACCOMPLI SHl."vlENTS 

"The Effect of Access on the Cost of Right of 

Way for the Interstate System" 
Title 

File D-15 
T.H.D. Monitoring Division 

May 2, 1969 
ToH.D. Contact Individual 

June 28, 1965 
Date Initiated Date Terminated 

$68,174.83 
Total Funds Expended 

BACKGROlJND INFORJYlATION Acquisition of right of way for a major highway 
system presents a number of unique problems in property evaluation. For 
the Interstate Highway System alone some three quarters of a million 
parcels of land will be required. The magnitude of the cost involved in 
acquiring this right of way poses a compelling need for developing 
procedures to assure that expenditures for this purpose are spent effectively. 
Systematic and precise evaluation of highway investment decisions insure a 
more adequate allocation of resources within the public 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 similar 
areas. 

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

(c) The effect of interchanges and ramps on the value of comparable 
prope-r~ty abutt;ing 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 sp~_c.ific implemen-tation. It primarily confirmed what was 

ruspected, 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-lF "Effects of Access on Highway Right of Way Costs" 



RESEARCH & DEVELOPMENT 
ACCOMPLISHMENTS 

\ 
5-1-65-86 

Research Study No .• 

Robert D. Wylie 
Project Supervisor 

J. W. Pourter 
T.H.D. Contact Individual 

$59,212.22 
Total Funds Expended 

"Hdighway Si-gning Research" 
Title 

File D-1 

T.H.D. Monitoring Division 

Nov. 13, 1964 
Date Initiated 

Oct. 31, 1966 

Date Terminated 

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 reflectorization,-. . . . _, 
of s~gn faces and mater~als for s~gn 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 initial and maintenance costs, service
ability, and useful lives. 

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 specif¥ing these qualities, and to establish test procedures and 
requ~rements to evaluate signing materials with respect to these 
criteria. The emphasis was to be on reflective signing materials 
and their characteristics at night 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 Relating to 
Their Use" 
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Final Report 

Phase II - "Characterization of Signs-Facing Materials" 



6-1-65-87 
Research Study No. 

Ernst & Ernst 
Project Supervisor 

J. W. Courtner 

RESEARCH & DEVELOPMENT 
ACCOMPI.ri SHJ.\fENTS 

\ 
"Financial ·Management Research S,_,tudy" 

Title 

File D-1 
T.H.D. Monitoring Division 

T.H.D. Contact Individual 
April 13, 1965 
Date Initiated 

January 1, 1966 
Date Terminated 

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 authorit~ 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; Da~a 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 p:roce.ssing equipment. 

Development 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 contract from the Department for assistance in 
implementing the study results. 

RESEARCH REPORTS PUBLISHED 
Report 87-lF -•Financial Management Study" 
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3-5-66-91 
Research Study No. 

Phil M. Ferguson 
Project Supervisor 

H. D. Butler 

RESEARCH & DEVELOPMENT 
ACCOMPLI SillfillNTS 

"Shear Strength of Bent Caps Between CoJumns" 
Title 

File D-5 
T.H.D. Monitoring Division 

T.H.D. Contact Individual 
Sept. 1. 1965 

Date Initiated 
August 31, 1966 
Date Terminated 

Total Funds Expended 

BACKGROliND INFORivlATION-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. 

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-lF "Shear Strength of Bent Caps Between Columns" 



TO: 

FROM: 

Departrnent 47407-1259-50m 

,. -

INTEROFFICE MEMOtNDUM 

Mr. R. L. Lewis (D-8R 

Wayne Henneberger 

Research Study No. 3-5-66-91 
"Shear Strength of Bent Caps 
Between Columns" 

I D~te March 24, 1971 
)/ !J¢' 7"' 

Y.esponsible 
! 

·1 ! Desk ___ 1)~_5 __________ _ 
! ' ~-

l · - ! 111 
--------- ·--- --··-l • 

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. 

RVS:rgw 



RESEARCH & DEVELOPMENT 
ACCOMPLI Sfil'vlENTS 

3-8-66-93 "Evaluation of Control Extension" 
Research Study No. 

Robert 
Project 

Mr. H. A. Henry 
T.H.D. Contact Individual 

$11,722.66 
Total Funds Expended 

Title 

File D-8 
T.H.D. Monitoring Division 

Sept. l, 1965 
Date Initiated 

March 10, 1969 
Date Terminated 

BACKGROUND INFOru,ffiTION The primary reasons for using aerial triangulation 
are to reduce the time and cost of control survey data which are necess~~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 differe~tial leveling, 
trigonometric leveling, or barometric pressure meas.urements for vertical 
positions (elevation). 

The cost of field work for topographic mapping 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. 

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

errors could be evaluated and procedures recommended for improving the 
quality of control extensions through aerial triangulation. 

IMPLE~illNTATION 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-lF "Evaluation of Control Extension" 



3-10-66-95 
Research Study No .• 

Patrick Odell 
Project Supervisor 

Mr. Joe E. Wright 

RESEARCH & DEVELOPMENT 
ACCOMPLISHMENTS 

\ 
"Statistical Estimating and F0!'ecasting 
for Vehicular Classification& Weight" 

Title 

File D-10 
T.H.D. Monitoring Division 

T.H.D. Contact Individual 
Sept. 17, 1965 

-Date Initiated 
August 17, 1967 
Date Terminated 

$14,328.61 
Total Funds Expended 

BACKGROUND INFO&~TION 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 
vehicle population and a shift of the general population from 
rural to urban areas and recent technological advances in pavement 
design 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, 
es·tim<::reing, ?nd. 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 me_thod fo:l::" .. collecting and handling Texas vehicle classifi
cation and weight 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. 

RESEARCH REPORTS PUBLISHED 
95-lF - "Comments on Statistical Techniques for Estimating Traffic 

Flow" 



RESEARC~ & DEVELOPMENT 
ACCOMPLISHMENTS 

\ 
3-5-66-97 

Research Study No. 

Dr. A. A. Toprac 
Project Supervisor 

R. Vander Straten 

T.H.D. Contact Individual 

Total Funds Expended 

BACKGROUND INFOPMATION 

!!Hybrid Plate Girders Subject to Bending and Shear" 
Title 

File D-5 
T.H.D. Monitoring Division 

Sept. 1, 1965 

Date Initiated 
November 21, 1968 

Date Terminated 

Please see memorandum from Mr. Wayne Henneberger 
to Mr. Lewis, dated March 10, 1971 for Background 
Information, Study Objective and Implementation 
?tatement which is attached. 

STUDY OBJECTIVE (See Attached Memorandum) 

IMPLEMENTATION OF FINDINGS (See Attached Memorandum) 

RESEARCH REPORTS PUBLISHED 

97-lF ttstatic Tests on Hybrid Plate Girders" 



T<"""'"' Hlghwny D<'pnr(m<"nt 
l<'m.-n' 4~~a-n ~7407--1259--SOrn 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE MEMORANDUM 

Mr. 'VJ<:J.yrv:;; Henneberger 

R. L. Lewis 

Research Study No. 3-5-G6-)7 
Pl~tc Girders Subjeot to 

Date 1-le.rch '), 1971 

Responsible 

Desk ·---D··;:.j.--R···········--·-·· 
7:S0-97 

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. 



T": .. '<la Hlg;.way D"'l'""tntent 
i<~orm 433-B 

47407--1259--GOrn 

TO: 

FROM: 

SUBJECT: 

INTEROFFICE MEMORANDUM 

Mr. R. L. Lewis {D-8R 750-97) 

Wayne Henneberger 

Research Study No. 3-5-66-97 
"Hybrid Plate Girders Subject to Bending 
and Shear" 

Date March 10, 1971 

Respo~;- r-F'* 

Desk .......... n:-:5 _______________ _ 

/ 

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 is reasonable to assume a significant savings will be 
realized by use of hybrid plate girders where applicable in 
highway bridge structures. 

· RVS :gw 



RESEARCH & DEVELOPMENT 
ACCOMPLI SrL.'-'lENTS 

2-15-66-100 
Research Study No. 

Dr. William G. Adkins 
Project Supervisor 

w. 0. Threadgill 
T.H.D. Contact Individual 

$22,573.30 
Total Funds Expended 

"An Analysis of Right-of-Way 
Appraisal Problems" 

Title 

D-15 

T.H.D • .Monitoring Division 

1966 
Date Initiated 

February 21, 1968 
Date Terminated 

BACKGROUND INFO&~TION 
This research effort was c;:onc;:eived to ·dea·l with both of the causes of 
discrepencies in and between appraisals as well as the difficulties 
of appraisal review. A thorough and proper appraisal review can deter
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 
be.tween appraisals should aid the see and Review Appraisers in arriving 
at better estimates.of market value for each parcel with minimized 
difficulty. 

STUDY OBJECTIVE 

1. To identify the types of appraisals and the elements of value 
which most commonly are as·sociated with appraisal inconsistencies • 

. 2. To analyze, in terms .of their basic causes variations in two or 
more independent appraisals of the same parcel and of highly 
similar parcels. 

I.M.PLEYiliNTATION 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 man~al i's now in full use in the 
District§ and :f?Y most, .of the free appraisers. 

RESEARCH REPORTS PUBLISHED 

100-l(F) nAn Analysis of Right-:-of-Way Appraisal Problems 11 



3-5-66-102 
Research Study No. 

Phil M. Ferguson 

RESEARCH & DEVELOPMENT 
ACCO.£vlPLI Sfll.VJENTS 

"Crack Width Study" 
Title 

File D-5 
ject Supervisor T.H.D. Monitoring Division 

Robert L. Reed 
T.H.D. Contact Individual 

$59.441.37 
Total Funds Expended 

5-18-66 
Date Initiated 

March 27, 1969 

Date Terminated 

BACKGROu~D INFO&~TION 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 believe4 that part 
of the problem and the scatter observed may lie in·the use of an incorrect 
measuring stick~that of the outer §Urfaq~ 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 sur:fiace 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 PUBLISF£D 
102-lF entitled "Flexible Crack Width at the Base of Reinforced Concrete 

Beams" 
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