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FOREFORD

Thig summary of information concerning the Regearch Laberatory
ofAthe Michigan State Highway Department has been prepared primarily_
to acquaint the personnel of the Department with the operation_of the
organization, end the nature and scope of the work being performed hy
it. |

In additlon, the summary may serve as a progress report to the
State Highwey Administration and‘also ag a reference for pecple out-

gide of the highway orgenlzaetion whe have an interest in highway

¥

regesych.

';The infprmatiOQ contained in this rercort includes the history of
the orgénization and its location, facilities, personnel, funcﬁioné,
‘objectives, sctivities and accomplishments elnce its esteblishment in

" 1939.
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HIGHWAY RESEARCH ' -

Research plays an important part in the art and technique of high-
- way bullding. Highway technology, and the benefits in highway service
which the public dérives.therefrom, advances through research. In a tech-
nieal orgsnization such as a highway department, research has a consider-
able bearing not oﬂly og constrﬁction but even on the general policy of
the deﬁartment.

The specific objective of highwsy resenrch is to raise the stand-
ards of the highway system's service by Improving its physicai facilities
and increaéing the efficiency of its operating methods. This it may
accomplisﬁ by bringing into use new or improved things which will proldﬁg
the economic 1life of highway ﬁtrﬁcﬁufes, pfovida greater comfort, safety
and ugefulness to highway usersg at rgduced operating éosts, and also to
reduce operation, constructioen an&,maintenance éxpenditures in order that
'additional funds can conﬁinualiyrbe ma&e.available for producing better
highway service to the public.

Highwéy adm%nistration caryies mich greater responsibility today
then at any prefious period and,:therefore,'it mist be pfovided with facti-
1itiés tc keep pace with techﬁélogical advences. The highway administrator
ig dependent largely upén the work of his technical staff to-securé infor-

mation on the various problems which confront him.




HISTORY

roﬁ the ereation of the Highway_Deparﬁment'in 1905 until 1919,
feséarch goneisted of special stﬁdiesréonducted hy Deparfment Officers.
The studies for the most paft included'experimental road gections coﬁ—
structed primarily for thé purpose of scquiring informeticn to be used

in the.§€eparation of specifications and for improving construction
methode. | .

In'l919 a Testiné Lﬁbéfatory was established at Ann Arhor for the
purposaiof tegting materiale used in construction and to perform investi-
gations related té materiale and methods of testing. The resesrch work
of the laboratory supplemented the special resgearch projects relsted io
construction aﬁd maintenance practice which were continually increasing
in number ané geope.

The volume of research work had increaged to_éuch a point by 1924
tha{ g new Divigion of Investigation and Eesearch was created by the Ad-
ministration for the purpose of carryving on studies pertainiﬁg to roads
already built and for investigafing cenditions under which new roads wefe
to be constructed.

In 1927 the Divieion of Investigatlion and-Besearch,Was changed to

the Division of Research and Statistics responsible for. the ccllection and
preparation of all data havéng & bearing on highway problems and to Inves-
tigate those problems of particular importance tolmichigan. The Laboratory
at Ann Arbor continued to operate indgpendently on matters of teagtlng and
regsearch.

Between 1927 and 1933 the Statistical section of the Eiﬁisionrof

v
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Research and Statistics was divorced from Research and the Divigion of




Reseafch.continueﬁ ss a separate unit inveétigating problems related pri-
marily toc construction, maintenance and allied operations in conjunction
with the Laboratéry at Amn Arbﬁr.

_ jIn-1933 the activities of the ResearéhrDivision and thbse.of tﬁe
Testiﬁg Laboratory were combined under cne head to forﬁ a new Department
unit designated the Research and Tegting Division under the direction of
. the PRegearch and Testinhg Engineer with offices in Lansing. The léboratony
fesaarch work at Ann Arbor and field studies of o research nature were
'borrelated'underrthe supervision of = Research Gonsul{ant.

A geparate Research Organization known as tﬁe Regearch Division was
created in 1939 by the Highﬁay Administration and was established at Michi-
- gan State College by mutval agreement between the State Board of dgriculture,

the State Administrative Botrd and the Stqte Highway Commissioner. Thig
new Divigion was organized to carry on the research work formerly done by
the vérious Divisiong within the Department and wae charged with the re-
sponsibility of creating and executing a progrem of highwaj regearch besgt
sulted to the needs of the Department..

In April, 1942, the Besearch Division and the Testing Division were
combined, thereby forming the presept Tegiing and Research Division.
The merger of the two diviegions under the Testing and Reéearch Engineer
in Lansing effected only an administrative change. The Begearch Divieion
then became the present Research Labqratory, and its research activities
continued without inﬁerruption under the immediate supervigion of the Asgis-

tant Testing =nd Pesearch Engineer in charge of Hesearch.

-5-



LOCATION

The‘Reéearch Lahoratory is located in Olds qul of Engineering on the
Campus of Michigen State College in Fagt Lansing., The Goilege‘authorities
accorded to the Highway Departmen£ ite facilities and certain space in the
building and of the Civil Engineering Laboratories for Carrying cn its
regearch act1V1%1es,

The location of the Beseswvch Laboratb:y on the Campusg of Michigan State
Gollége has meny advantages. The College env1ronment is ideal for the promo-
tion and pursuvance of gcientific 1nveﬂtlgat10nq.' Through mutusl c0ﬂ€1dence
and coordination of effort thers will result a correlatlon of new data ané new
knowleﬁge to give ﬂﬂdea 1mpetus to the advancement of highwayAengineering.

The proximity of the laboratory to Langing rot only facilitates the per-

formence of routine administrative functions, but slso makes it readily nccesms—

ible at all times to the Staff and other perscnnel of the Cepartment.
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FACTLITIES

The generai adminiétrative office of the Besearch Lahoratory is located
in Room 3, Oldé'ﬂall of Engineering. At the presenﬁ_time lehoratory activitiesn
are carried-on in twe large basement rcoms. The laboratory is fully equﬁpped
to conduct research work on problems related to cemeni, concrete, seils, agére—
gates, bituminous matgrialsland.those of & general chemical néture. In addi-
tion, the laboratory has =2 Well—gquippéd work shop, 2 photographic dark room,

a molst room and drafting room. A smaii library of speclslized books isg being
created on subjects related to highway problems.

The laboratory has many pieceg of special equipment which it has made or
purchased for werk of a specific nature. This inclvdes & hydremlic compression
machine; fast frgezing refrigerator vnit, sonic apparatus, petrographic
microscope and asgociated eguipment, eléctric_soil'compaciicn machine, Soil
vibfomeief, Koﬁpers-aﬁsolute viscometer, bituminous recovery spraratus, phote-
lometer, eleétric atrain indicator, Speciai electricai bridges, and equipment
for measuring electrical phenomena.

VOﬁher fﬁéilities are qffered by the Gol}ege, ineluding the'maiﬁ‘library
and the several speclalized departmental liﬁraries. The College meintenance
ghops, as well as'%hqse.of the Mechanicsl Engineering Department, are available.
for repéir work and developing new sclentific equipment. Thé.staff of the
Sehecls of Science at the College ig avalilable for consultaiion on matters of
mﬁtual interest and their 1abbratorieé znd eguipment may be used with gpecizal
permission. The College campus and adjacent farm lande also are available for
special field studies.

The Besearch organization algo maintains a smali field laboratory at the

Wichigan ?eé% Road on M-11%5 for faciliteting field studies and seagonsl dbser—“

vations in cenjunction with thlg nationally known experimental pavement project.



, . ' PYRSONNEL

Direct administrative responsibility of @he Regearch Leboratory is
vested in the Aésistant-Tesﬁiﬁg and Researéh Engineer in charge of Research,
who acts under the authority of the Testing and Research Engineer, adminis-
tr%tive head of the Testing and Resesrch Divigion. |

.The personnel of the presenﬁ full-time research staff includes Civil
Engineers, Chemicsl Engineers, and Chemists possessing considerable pfactical.
regearch ekperience and scholastic achievement. Their duties are 1o carry'oa
indépendent regearch, to guide and supervise the laboratoryrassistants and,
in general, organize and direct the work of the Research,Laboratoryn

Laboratory aseistants consist of fuii—time Departmenti%mployees and
paft;time Michigan State College undergradﬁate and graduate students who need
financial asgistance and are interested in obteining pragtical léboratory
research experience. At_present'there are six full-time 1aboratory assigtants,
end normally the number of parﬁ—time gtudent assistants varies from ten to
twenty. The studegt assisténts are usually chosen fof‘tbéir special attributes

in relation ‘o scientific training, research ability and laboratory experience.
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. FUNCTIONS

The functions of thé Research Laboratory are manifold, diversified, and

of vital importanpe to_the .development of all phases of highway work. These

functionsrmay be broadly Qutlined as follows:

i.

To visualize the problems of highway technology, to
determine which of the.masny phases involve further
regearch, to formulate and execute a definite program
of research.

To perform experimentel and developmental researches
directed toward the solution of technical problems
arising in the verious divisions of the Department,
or to the development .of new procedures and methods.

and the improvement of existing ones.

To participaté in theoretical'researchés'airected
toward the sclution of certain major problems of interest

in the general field of highway efigineering.

To engage in cooperative research programs wiih educa-
tional institutions, egencies of the federal povernment

~and certain menufacturers on problems of mutual interest.

To provide specifications and standards for materials,
meke specialized analyses and research tests on new
materials, and render assistance in regard to construction
difficulties,

To accumulate, analyze and distribute to the Department
technical and research information from ocutside sources
pertaining to highway problems. .

Tb.pfepare #echnicaé reports for members of the Depart-
ment outeide of the Research Organization. o

'Thfough membership take part in committee work of the
various fechnical organizations and thereby represent
the Départment in their activities.

To.act in an advisory capacity to the Department on
problems of a technical nature or on matters of policy
in regard to design, construction and maintenance
practices. —



QBJECTIVES
Organization of research within fhe'Depaftmeﬁt iz directed toward the

accomplishment of the followiﬁg chjectives:

1. AchiQVement of alsound resegrch'organization iniferms of adminisgtra-
tion, stgff and facilities'fof the conduct of a research prdgram commensurate
With the growth and responsibilitieg of the Department. - ’ '

2. Encouragement of those now azctively engsged in research and provi-
sion af opportunitiés in research work‘for interested and capabie enployeesg
of the Department not now doing research. |

3. Promotion of cooperation in regearch within the Department, and
between the Deparﬁmént and educational institutions;'ageﬁpies of the fede?al
government znd industry, in order to s;cure concentration'of effort, minimize
‘duplication and stimuléte Progress.

4. Formulation of comprehensive projects of research and the develop-
ment of effective meang of utilizing.the saiehﬁific end technical resources
of both the State and the Naticn for dealiﬁg with these projects.

5. Effective cooﬁeration with the Highway Research Beard's newly
created Correlation Sgrvicelwhich has ?ecently heen establisﬁed. W;%h thig
new functional responsibilitﬁ the Highway Research Board plane grester empha-

- gis on highway research in the future with the thought of-utilizing all available

research sgencies and facilities to develop.an integrated national program of high-

. way research.

=10=




helow:
A, Aggregates

47 A7
47 4-8
47 A-9

B. Cement and

59 B-11~
42 B-13
42 B-14(2)
42 B-16
45 B-18
46 B-19
47 B-21

C. Bituminous

36 O-1
a7 ¢-5

D. Bituminous

46 D-13
46 D-14

E. Seoil

36 E-5
43 B-9 .
N 44 E-10
b 45 E-11
47 B-12

s
'
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CURRENT RESEARCH PROGRAN

When the Research Laboratory was organized in 1959,‘a research program
conglisting of_eight-major projects Wasresﬁablishedq Dgring the past nine years
it has heen neceséary to eiﬁand the gcope of the driginai resesarch prograﬁ
greatly in order to keep pace with the rapid advancement in ﬁighway technology,
and also to handle the many problems submitted to the labora£ory by the adminis-

. _ .

tration &nd various divisions of the Department.

The investigations which comprise the current resesrch program are listed

+

Evaluation of Aggregate Sources
Materiel Surveys
Effect of Heat on Ph3510a1 Characterlqtlcs of Aggregateq

Concrete .

Concrete Durability Investigation

Air Entraining Concrete in Bridge, Plainwell FB2 of 3-8-1, C1
Curing of Concrete Pavements

Effect of Low Temperatures on Concrete Containing Admlxtures
Preserving and Reconditioning of Concrete Structures

‘Concrete Failure, F15-11, C2, US-1EL

Control of Autogenous Volume Chenges in Concrete

Materials )

‘ Changes in Characterigiics of Slow Curing Oils

Use of Inhibitors to Control Weathering of Bituminous Materials

Mixtures

Experimental Bituminous Surface Treatments
Bituminous-Rubber Mixtures for Pavement Surfaces.

S0il Stabilization

Taurf Growth on Highway Shoulders

Soil Action Under Bridge Piers

Design and Construction of Pavement Foundations
Chemical Stabilization of Granuler Materisls

“31-



Current Regearch Program — Continued

Fﬂ

Structural

39 F-1 Evaluation of Load Transfer Devices

39 F-7 Concrete Pavement Design 7

39 F-7(5) Grand Raplids Experimental Project, F4l-34, C6
43 F-6 Structural Failure, F40-11, C2 and F5-15, C2

47 F-13 Slab Action Under Dynamic Loads

47 F-14 Distribution of Stresses in Bridge Structures
47 F-15 Pavement Houghness Invegtigation :

47 F-18 Longitudinal Cracking on Project 17-43, C2
47 717 Effectiveness of Spiral Shear Developers

43 F-19 Muitli Plate Investigation :

. Miscellaneous

%6 G-3(7) Snow and Ice Removal by Radiant Heat

36 G-4 Joint Seal Investigation

33 G-14(2) Reflector Button Investigation

46 G-33 Guard Rail Expansion Take—up and Anchordge Design

47 G-36 . Use of Glass Beads for Reflectorized Center Stripe

47 G-Z8 Skidding Properties of Pavement Surfaces

47. G-40 Comparative Cost Study between Reflector Buttons and
Reflectorized Material

48 G-43 in Invegtigaticn of Rust Inhibitives for Chloride Salts
Ueged in ILce and Dust Control ‘
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RESEARCH ACTIVITIES
fThe'activities of the Reﬂéaréh Laboratory are devoted primarlly to problems
pertalnlng fo the 1m}rovement of hlghWWy materizis, congtruction,maintenance and
operation. There ig presented in the followlng texi a brief synopsis of each of
the méjbr problems listed under the organizatioﬁ'g regedrch program. Figures in
parenthesis identif#'reports which have‘been completed on each Research project.

A. AGGREGATES

Michig%n hes a goodlsupplj of ;atisfactory rosd %dilding aggregates. ‘Due
to glaciatién, gravel deposits are widely deposiﬁed throughout the State. Suit-
sble limestone sggregates are produced economicelly in)eertain locationg. There
are ihstahces, however, when performance surveﬁs indicate that certéin gources do

not sunply satldfﬂctory materials for road construction purposes. The Res earch

_ Laboratory has the fac111tlen to 1nvestlgate thege condltlons and other aggregqte

problems submltted to it. Two cutstanding aggregate 1nvest1gatlons on the program
are listed below.

A7 A=Y, Eveiuation of Bggregate Sources

LSRR RN SN,

The ﬁurposeiof this investigation ieg to evaluatehthe'aggregates from current
gources in Michigaﬁgpn the basis of durability, rhysical properties and service
fecord; and to corrélete thege Dropeftip with geologlcal factors in ocrder that
the existerice and nrobable quallties of potentlal sources may be predlcted and to
insure that only the better materials will be used in highway construction.

47 A-8, Material Surveys

It is proposéd to investigate the several well-known methods of geophysical
exploration for the purpose of cobtaining engineering information on soils and
granular materials and to develop technigues and methods for doing this work.

Information from such a gtudy will have meny spplications in relstion o design

-13.




= g,
policies and for providing information on material bodrcées for fourdation and

pavement construction.

L7 A-9, Fffect of Healt on Physical Properties of Aggregates

A study ig in progresg to determine the effect of high temperatures or
heat ghock on the subsequent durability of limestone and natural aggregates
used in-bituminous resurfacing mixtures. 'Report (124)ﬂA

B. CHVFNT AND CONCRETE

Investigations related to cement and concrete are classified under thie

gecticn of research activities. They coneist of problems involving factors.

affecting concrete performance and may include concrete design, the chemical
and physical properties of concrete mixtures and thelr components, conetruction

" practices snd detailed performence surveys agsoclated with pavement failures.

Current research projects included under this category are:

39 B-11, Concrete Durability Investigation

This in%estigation has been establishéd on & long range basis and is de-
voted to the improvement of concrete éurability, especlally in relation to
scaling and disintegration. The most significeant result of £his research to
date has been the application of the principle of zir entrainment to construe-
tionlpractices in Michigan'for the purpose of producing more durablé conecrete
pavements. The investigation includes several sssociated research projects.
Report (11}. |

Michigan Test Road, Durability Project F 18-20, C3, 39 B-11 (2}): This =ec-

tion of the naticnally known experimental pavement was constructed in 1940 to evalu-
ate the effect of variation of factors relative to construction and materials upon

the durability of concrete pavements. This project has been completely described

14~
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in Departmentel Bulletin titled "Michigan Test Road.” Reports () (8) (12) (14)

(18) (20) (21} (25) (s1) (39) (41) (48) (&4) (79). ‘

Manistigue Stone Sand Project, M 75-28, C2, 59 B-1L (4): On the basis of

results from scaling studies conducted on the Michigan Test Road, further experi-
mentation'was carried on with the use of admixztures in stone sand concrete mix~
tures. .In the construction of a concrete pavement using limestone aggregates in

the City of Manistiqué, both an air-entraining agent and silica dust were added

to the conerete mixture. The purpose of this work was to determine whether the
adnixbtures wouid i@prove the objeétionable_characteristics of stone sgand in
concrete, such as excessive bleeding, difficult finishing and subsequent scaling
due to chloride salts. It.was found thaf air-entraining agents corfected most

7 of the undesirable propertiés of stone sand concrete. Report (38).

| Air-Fntraining Concréte Study, 33 B-11 (7): Since alr-entraining concrete

is a comparatively new product in the highway industfy; there 1s alwaye the need
to improve the product and to determine its physical characteristics under diff-
l erent congtruction conditions. A continuous study of these factors is being

carried on by the Laboratéryo Reports (48) (54) (83) (75) (79) (112).

'Muskegon Experimental Project, 59 B-11 (8): This experimental pavement was
constructed in 1938 on M-128 in Huskegon Heights - Construction Project M 51-27,

C5. Fmbodied in the construction of the project are several construction features

for the purpose of determining methods to eliminate scale and to evalusie nractices
concerning the spacing and construction of transverse joints. Although this pro-
ject was constructed before the egtablishment of the Research Laboratory, it has

become one of the many such projescts taken over by the Laboratory for periodic

examination., Report (78).

=1.5=




Ure of Admiyture H.P. 7, 39 B-11 (10): A concrete'gQQiitﬁfé:known a8 7.7, 7,
and produbed_by'the'Master'Buiiders of‘Cieveland, has beeﬁrggé;éjteltwo pavement
projects in Miéhigan for the purpose of ;tudying its effecfi&eﬁeés in.producing
soéie registant éoﬁcrété. The projectS'are-M 71—?4, Cl at ﬁogefé@ity and MSQ—EIQ, 1l
on Belleville Road, US-112 South, both of which are under gurveillance by the
Research Laboratory. | “

42 B-13, Dridge Project F8-2 of 3-8-1, C1l at Plainwell

An air—eniraining samixture {(Orvue) was added to the concrete which was used
for constructing the sidewalks on thig bridge project for the ?urpose of escale
prevention. This project is alsc under obserfation by the Pesearch Labqratofy.(l5l)

42 B-14 (2), Curing of Gonerete Pavements

Thig is a cpoﬁeraﬁive project between the Highway Research Laboratory and
the Engineering-Experiment Station at Michiéan‘gtate College. 'The vroject has
a twofeld purpose: (1} to esfabiish the hasic principles invalved in curing of
Porfland cemént concfete, snd (2) to compare membrane curing with other methods

'

on the basis of efficiency, practicability snd cost.  Report (118)

The work entails a comprehensive laboratory study where varisbles ocecurring

in actual congtruction practice msy be controlled. Thesge studies will be

supplemented by observation of experimental pavemént sectiong in the fileld.

42 B=16, Effect of Low-Temperatureé on Concrete Containing Admixtures
Thig prbject was set up to study the effect of cold weather practices on
the durability and characteristics of concrete containing air-entraining agents

with and without the addition of caleium chloride. Certain field studies re—

lated to this subject were finished during the construction of the Detroit

Industrial Expressway - Resesrch Project 39 B-11 (10). Therse remains to be

done a certain amount of laborstory work under conirolled conditions before

-16-
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this project can be sﬁccéssfully completed.

L5 B-18, Pregerving and ﬁéobnditionimg of.Concrete_Structures
This ﬁroject covers two»importént pfdblemé of wvital intérest to the Dep-
.artment: {1) the application of surface.treatments te concrete bridge strucfures
fdr protectivé or aesthetic purpéses, and (2) the'réstoration of any concrete
which shows evidence of disintegration due ﬁo-weathering or cother dauses, esuecli-

ally in relation to bridge structures.

It is proposed to investigate in cooperation with the Bridge Divigion the

varicus methods and proprieta materials now on the market as to their relative
thod a T tary terial tI ket to il lat

merit for reconditioning purposes, and tc determine the sconomic justification and
practicability of such ireaifments with the view of making recommendaltions and

providing speclfications for such bridge maintenance practices in the future.

The first part of this investigation haz been completed. Report (87) (110).

‘46 B—lg, Concrete Failure, Project F 15-11, G2, B.8. 131, Fmmet County Line, Sonth

This concfete pavement project hag developed abnormal déte_ioration'as mani-
fested by excessive deep scaling of the surface. It has been necessary to resurface
certain pqrtions of the pavement. Before this was done, an investigation wacs ma@e
to determine the contr?butingwcauses of gsuch a chenomenon.

The invéstigation will be directed slong two linss: (1) a study of materials

used in this project, and (2) a review of construction conditions snd practices with .

fegard to thelr possible effect on the durability of the finished pavement.

47 B«Ql;.Gontrol“of Autogenous Voiumgugh@pges in Concrete ™

This project has been eatablished with the primary objective of eliminating
eracking iﬁ ibﬂg concreto povement glabs, as related to the Depariment!s current
deaign practiéé, by an attempt to. control the inherenf‘shrinkége of Portland‘cement

concrete’ during the'early hardening period. The first attempts dirscted toward the

]
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solution of this problem will be in the trial of special admixtures and the

use of expanding cements. The idea is not new, since the principle has been

under study for some time by European research agencies.

»
\

 ¢. DITUNINOUS MATERIALS

Every yvear large quantities of bituminous materials are used in Michigan

for different types of road surfaces. Several different kinds of bituminous

materials are required for this work. The Research Laberatory has lnitiated

studies in this field for the purpodse of continuvally improving specifications
covering the requirements of current products, and to seek methods of improving
the weathering characteristics of current materials as a mesns of attaining wore

durablé bituminous surfaces.

-;Eij}iL, Changes in Characterlstics of Slow Juring Oils

The purpﬁse of thils investipation ia to determiné the characteristics of
glow curing asphaltic oile before and afteT-weaﬁhering, with the idea of perféct—
ing a laboratory test whereby it would be possible o distinguish between bitu-
minous materials possessing goed or undesirable ﬁeathering gualities before they
are incorporated in the bitumincus mixture. This pfojeét wag started under former
Research and Testing Division. v

The investigstion has included a comprehensive laboratory study of the phy-
sical propert;es of slow curing asphaltic oils befors and after accelerated
weathering tests. In conjunction with the 1abo;atory investigations, a field

study embracing sixteen oil aggregate test projects has been established from

which samples are taken each year for laboratory analyses. Reports {6) (17)

(69) (89R).

42 0;5, Use of Inhibitors te Control Weathering of Bituminoug Materials

This study has bsen esiesblished on the basis of regults from investigation
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36 C-1. Its purpeose is to determine an economic means of retarding the normal

it

aging of bituminoue products by means of chemical inhibitors. This practice i

successfully'used today on lubricating oils and has been found to work in labora-
tory experimentation with asphalts.

D. BITUMINOUS MIXTURES

It is recognized that long range research on different types of bitumincus

pavements and bituminous mixtures is essential in order-that aontinued improve-

ment in quality and durability be attained to meet prevailing traffic and clima-
tic conditions. Research work devoted to that end is incorporated in the pro-

gram of the Resesrech Laboratery.

46 D-13, Experimental,Biﬂumingus Surface Treatments

Dﬁfing the past vears several experimental bitumincusg resurfacing projects
have been coﬁgtructed in which certain factors are varied; for examplé, the’
aggregafea, the bitum;nous'materials or construction procedure. Al investi-

' gationéi work of this kind has been sgsembled under one investigational heading
with the Objective of periodically collecting and disseminating worthwhile infor-
mation to thé Depértment. Also a complete record of the work will be preserved
for future refereﬁce.rrThree projects of an éxperimental nature are included

o . . ,
in this investigetion at the present time: Report (88).

L6 D—l@i,Bituminous~ﬁubber Mixtures for Pavement Surfaces
This investigation is 1n the embryo stage and will be eventually developed
to cover a comprehensive study of the use of rubber sdmixtures in bituminous

road mixtures for improving the serviceability of certain types of highway surfaces.

%. SO0ILS

The 1aboraﬁory endeavors to study in detaill the many problems conée?ning

highway construction in which soil as a material is involved. Such stndies




include goil stabilization for low—cost roads; construction of highway sub-
grades, subbaseg backfills, embankments, and shoulders; and load bearing values

and digplacement of solls.

36 F-5, Soil Stabiligation
j Several soil stabilized road projects have been eonstructed in ¥ichigan.

It is important that the Department should know whether this type of construe-

tion is suitable to Michigan conditions, and the relative cost of this type of
construction COmparea‘té-other types of light-traffic surfaces. It is im-

v portant slso to know whebher this type of construction is satisfactory for
certain locaiities where prepared aggr=gates for other types of stabilized
surfacas are not availa?le. With thege facts in mind two experimental prbjects
were constructed?in 1941-employing both cement and bituminous materialg as

binding sgents for the express purpose of determining the feasibility of con—

structing such roads using natural soil in place, and to develop specifica-

tiong for use in conjunction with future construction of this nature. Two soil
:mstabilization expefimental prejects are now under periodic oiﬂervation.‘
"Reports (30) (32) (82).

1. Bituminous versus Cement Stabilization, Project M 20-20, C2, on
M-72 Grayling East

. G " 2. S6il-Cement Stabilization, Project M 33-50, C1, on M-92, Stockbrifge
noxrth '

L2 BE-9, Turf Growth on Highway Shoulders

A cooperative investigation has been establishsed between the Fesearch
Laboratory and the foil Tepartment of the College to gtudy, under contrplied .
conditiong, the growth of turf on compacted soil material similar to that

used in highway shoulder congtruction.. The study has for its purpose the de-
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velopment of choulder conditions which will aséuré adequate Stabiiity for the
Suppoftiéf traffic‘and, at the same time, provide proper soii.charactéfistics
td eﬁcourage durable turf érowth_under abnormal conditions from ﬁﬁich speci;
fications may be prepared for this type of construction.

The work naturally divides into two major studies: (1) a study of grass
culture on compacted soile under controlled conditions, and (2) a field evalua—
tion of grass growth on exigtent highway shoulders, incluéing & correlation of
avellable informetion from various experimental shouléer studies'stérfed pre—
viously by different agencies within the.Department; -Report (106).

'AA"E—EO, 801l Action Under Bridge Piers on D.I.E.

A coopéra#ive project with the Soilg Laboratcﬂy at Ann Arbor was esteb-
lishéd at the request of the Bridge Division tc determine the magnitude of up-
ward soil pressures under bridge strﬁctures on the Detrcit Industriasl Express-
-ﬁay created by lateral flow tgnﬁencies of the goll. Heavy coﬁcrete members
weré cast between-bfiége piers to resist the soil novement and support the
pavement &lab. The goil pressure againét the bottom of the ¢oncrete subhase
'slab was detefﬁinedAin two ways: {1) Goldbeck pressure cells at the interface
of s0il and concré?e, and (2) by SR-4 electrical‘strain gages attached to the
reinforcing mémbefs-&n the concrete slab. The twe methods gerve as a check
on each cher."Report (67.)

45 ¥-11, Design and Construction of Pavement Foundations

Realizing thg need of a comprghensive evaluation-of methodg of design
and construction of pavement foundétiﬁns, a8 cooperative investigatidn was
established-between ﬁhe Research Laboraﬁory and the Engineering Experiment
Station athichigan State Collége te study foundation behaviof and to develop
specifications for f0undation deéign and cOnstfuction which will provide ade-

quate support for the pavementi surface under Michigan climatic conditions and
, . ;
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future traffic loadings. This work also ineludes the consolidation of granu-

lar backfills at bridge structures. Reports (93} (107) (109).

47 E—12,.Chemicél Stabi%izaiion of Gramular. Materials

This investigation has been established to study wetheds of botﬁ surface
and subsurface stabiliéation of granular soils by the use of chemicals. There
are several such materials now recommended for use.

F. STRUCTURAL

A large numbe¥ of research projects have been developed by the laboratory
concernea with the design, construction, maintenance and durability of highway
gtructures. Projects in this category include the collection and interpretation
of pérformance‘survéy data; theoretical considerations in relation té‘pavement
design; developing inforﬁation onrpavement design, including such ifems as load
transfer, pavement thickness, joint spacing, traffic loads and subgrade bearing
%alues; investigation of specific pavement failures; and conducting expérimental
work'assogiated with tesflroads.

29 F-1, FEvaluation of Load Transfer Devices

Thig investigation pertains to the study of the strength characteristics

-and gtresg distribution in transverse joints constructed with different types

of lord transfer devicea. Its main purpose is to establish criteria for the
evaluétion of load transfer devices and to detsrmine their proper spacing in
order to prepare {he necessary epecificaticns., The project includes the de-
velopment of a'sﬁitable test procedure for 6eférmining'the shear-gdeflection
relationship in adjacent‘slabs for different load transfer deﬁides.
Information obtained to date from'thié investigation'hés been incorpora-
ted in the Departmeﬁt's new design for joints in cémcrete pavements. Reports

(5) (10) (68R) (104).
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L3 F-6, Structural Failure, F A40-11, €2 and F 5-15, 02, Kelkaska to Mancelona

Shortly after this pavement was construétéd it began to show‘ﬁighS'Of
undergoing sbnormal sﬁréss, manifested by crushing at the joints and the
appearance of 1ongitudinal crécks; Consequently, an investigation was set up
to study the phenomeﬁon taking placé, and to determine the essential factors
céntributing to the_failure so that similar coﬁéitiéhs may be avolded in

future construction.

39 F-'7, Concrete Pavemenlt Degign

This ic one of the Research Laboratory's outstanding long range inves—
tigationgzdedicafed to the‘improvement of conéréte pavement desién and
construction. The investigation comprises rumerous éeparaﬁe studies whose
objectives are directed toward a common goal. The mesgt important study in this
respect is the Design Pfoject of the Michigan Test Road which was construeted

in 1940."

Theorstiscal Considerations, 39 F-7 (1): In gonjuhction with lahoratory

and fie}d expefimentatidn, 1t is necessary te supplement and sorrelate the
findings by means- of theoretical analysis. In this way it will be possible
to develpp-éound-engineering &esign and congtruction information for‘futu;e
5ighway work. ﬁép;rts (62) (66) (68R).

o i
¥ichigan Test Road, Design Project, 39 F-7 (2): This section of the test

road, projects ¥ 18-20, C4 =nd F 67-37; C6, was congbructed in 1940 on M-115 in
Clare and Ogceola Counties in cooperation with the Public Roads Adminiatration.
The péVement is under constant observation, and various measurements and

operationg are made several times a year. A primary purpose of this project

is to esiablish certain fundamental structural features in concrete pavement
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~ design, among which are; (1) the design and spacing of expansion and contracs

tion joints, (2) pavement cross section, (3) use of steel reinforcement, (4)
subgrade bearing capacity, snd (5) pavement thickness. A five year history

of the project is now belng made ready for publication. Reports (3) (4) (8) (9)

(12) (14) (16) (20) (21) (41) (59) (64).

Evaluation of Subgrade Modulus, 39 F-7 (3); When applying the Westergaard

analysis to concrete pavement design, the modulus of subgrade reaction "K', or

" gubgrade bearing value, must be known with reasonable accuracy. The primary

purpose of this study is twofold: (1) to detefmiﬁe subgr;de modonlus Lor varying
condi%ions of soil end subbage thickness, and (2) to develop a test method for
determiniﬁg the subgrade medulug adaptable to field and laboraitory use. Data
developed to date has been emplqyed in design recommendations.for post war con-

struction. BReport (68R).

Grand Rapids Experimental Proiecﬁ, 39 F;7 {5): When conerete pavemeant project
F 41-34, Ch, located on W-11/4, east belt Grand Rapids,-ﬁas ﬁonstrﬁcted in.1941,
eertain exﬁerimental censtruction features were tried out on the job. They were
(1) the use of low congistency concrete with mechanical and vibratory methods:
of placement and consoiidation, (2) vibration with aif—entrainiﬁg agents, (3)
single lane construction, (4) short contraction joint spabing with no load
transfer features, (5) grooved and sealed contractions joints, (6) asphalﬁ—latex
jelnt seal material, énd (7) no steel mesh reinforcement. ‘
Thig pfojeét is ﬁnéer observation to determine the influence of these
factéfs on the ultimate performance of the pavementf,

Evaluation of Existent Concrete Pavements, 39 F-7 (6): Reconnalssance work

covering performance of exisitent concrete pavements is considered in this investi-

gation in order to develop information on pavement design and the many factors-
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affecting pavement performance. Studies under this investigation include such
subjects as reinforcement, blowups, joint spmecing, subbasge, materials and con-

struction features. .Reporf (73);'

Physical Charactéristiés of . Concrete at Farly Ages, 39 F.7 (8}: This
pfojecﬁ waé esfablishéé'ﬁé dévelop iﬁforﬁgtion‘on ﬁﬁe physical characteristics
of'concréﬁe; especiélﬁy at ages under 24 hourg. This inférmation.is very im—-
pertant in relation to pavement design.and practically no informationrof its .
kipd is available, éépecially in connection withrair—entrained concrete.

Concrete Base Course Degign, 39 F-7 {9): This work constitutes a study

of current design standards for concrete base course congtruction as a supple-
ment to design recommendations for post war pavement construction with the
- objective of reducing transverse cracking in the bituminous surface course

to a minimum.

Theel Load Frequéncies, 39 77 (11)£ In connection with the Deperi-

ment's in#estigation on concrete pavement design, a study is in progress

to determine the aXie load fréquencf on various routes of the.truﬁg line

gystem. This information will be used to revise pavement thickness requirements
in féspect to mode?n end anticipated future tfaffic conditions. Axle load
values and asséciafed traffic information will be cbiained by loadometer and

traffic classifications surveys. The Maintenance and Tlanning and Traffic

Division are participating in the work.

Grand Ledge Experimenisal Project, 39 F=7 (12): In connection with the
construction on Project F 23-8 on ¥M-43 between Grand Ledge and Mulliken, in

1946, several field studies have been estdblished as a supplement to similar studies
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on the Wich1ﬂan Teut Road. The studles 1nclude meaqurememts to determlne volume
changes and warping of the ?artlally and fully restrained 100 foot concrete slabs,
the practicability of ueing membrane curing compounds with white pigments, bit-
uminéus joint seal operations, subbase congtruciion, and wood material as a joint
filler. Periédic obSeTVatienq ﬁill be-made during each year.

Pavements and Bridges Consg tructed wwth State Cement, 39 F-7 (13): This project

consists primarily of preparing a summary of concrete structures, both pavements
and bridges, in which State cement was used in thelr construction. These structures -

will eventually be examined and & record willbe made of their physical condition.

Performance of Pavements of Poat.War Design, 39 P-7 (14): Performance sur-
veys will be made periodically of a certain number of ﬁgvements which were con-
gtructed in accordance wifh the new'poét war design. It is proposed by this
study to correlaﬁe transverse cracking and other Dhstcyl defects with congirue-
tion factors in o:der to develop information wherebj it may be possible to ovér—

come similar conditions on future construction.

47 F-13, Slab Action Under Dvnamic Loading

Thic investlgation consists of measuring strains snd deflectlons in con-
crete pavemenf induced by various types of heavy motor transporf #ehicles in
motion. Fron tqese meauurements it will he posgible tc obtain information necesa-
ary (1) to estahlish the adequacy of our present motor vehicle laws governing

load limits, (2} ito furnish reliable data espential to future highway design,

{3) to check and supplement existing data dbtained from static tests and theoreti-

cal analysis, and (4) to determine highway capacity loadings for different types of

road surfaces.
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This investigation is pending the purchase of suitable electronic measuring

equipﬁent.

47 F=-1A, Stréss Distribution in Highway Bridges

‘This infe%tigation will consist of measuring etrain velues in critical
bridge membefs produced by dynamic ioads simulating ﬁodern traffic conditiong.
The work will.produce_necessary strain and deflection data which will be cor-
reléted with theoretical values %o sccomplish efficiency and economy in design
of highw&? bridges. The‘informatiog will be used alsc to checﬁ the adequacy of
present load specifiéations in relation to heavy motor transport units in order
to mihimize overstress in future bridgé construction. The investigation is not;
acfive'due to lack of aépropriate electronic equipmgnt.

A7 F-15 Pévement Roughness Invegtigation

Tt is the purpese of thid investigation to develop suitable equipment to
measure the roughness characteristics of highway surfaces and to correlate the

roughness factor with construction practices in order io continuslly improve high-

way service,

L7 F-16  Tongitudinal Cracking on Project F 17-42, €2
- An-ihvestigation‘is in. progress to determine the cause of the unusval amount
of longitudinal cracking which has developed on construction project F 17-42, €2

located on M-28 in the Upper Peninsula. The projecf starts at US 2. Report (129)

47 F-17 ﬁffécti%éness of &piral Shear Developers

Streds computations indicate that for certain ranges of. gpan the spiral
ghear dsveloper offers economy of design. The problem is to verify this Eonclusion
by field measurements on specific Structureé.r The specific pur?ose of thie Sﬁudy

is to obtain deflection and strain data from a hridge incorporating the spiral

"shear developeér, and to compare these measurements with the computed values which-

formed the besis for design. The Bridge'Diﬁision is participating in the project.
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49 F-19 Multi-Plate Investigation

It ig the purpose of thig investigation to conduct laborstory testé on
various corrugated gtructural plate sections to deﬁermine their relstive sfa—
bility under different sfatic load conditions. Hundreds of corrugated metal
pipe and arch installatioﬁs throughout the United'Statesrhéve proved, on the .
whole, highly sotisfactory. Occasionally, however, failures have océurred.
These structures are générally designed by highly empirical methodg based
on past experience but the varisbles are so numerous tha£ eﬁgineers find 1%,
difficult to apply the date Trom one successful installation to another.
Height.of'fill, character and water content of 'soil, both above and below
the pipe, method oflback filling, gage and diametér of pipe and ﬁhether or
ndt‘it ig instalied in & trench - all these fac£ors vitally affect the
safety of the degign. Receﬁtly; two new variébles haﬁe heen introduced
Whigh‘render somewhat questionable the use of existing installations as
“the criteria of design. The menufacturers arve now using 1 3/48 sng 2"
depth of corrugation in place of thé 1 1/26'formerly prevéiling, and
second, an entirely new shape of corrugatién known és the "box type" has
~been designed and put in competition with the standardrtfpel

From the sbove gteatements, 1t is obvious that the contemplated labor-
catory £ests will throw lighﬁ on very few of the uncertainties which have
arigen. We do hope, however, to find answers to the following‘qﬁestions; .

i. Can designs for pipes and arches be made on the basis Qf

secticn modulus irrespective of depth or type of corrugation as

at present manufactured?

2. Do the‘present-methods of making the seamg fully develop the
metal; both in bending and dirsct siress or any combinaticn of stress?

The investigation is a cocoperative project between the Hlghway Department,
the Public Roads Administration, and the following fabricators of metal plafes:
Armeo Drainsge and Metal Products Company, Republic Steel Corporation and United

~ 8teel Febricators, Inc. The Bridge Diviesicn is participating in the project.
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G. MISCELLANEOUS‘
The Research Labofatory handles a 1arge1number of miscellaneous sfudies each
year which dﬁAnﬁﬁ necessarily come under any che of the foregoing sections. They
~may be projects extremely important and long range in soope, or they maf'be very
Shoft, undertaken pfimgrily to check qertaih hew*maﬁerialsjfor conformance to
spécificaﬁions, or to prévide answers to certain definite problems confrontiﬁg

‘the administration.

'"36'G¢3‘Snpﬁlﬂemoval.and Iée Control.
| -r&h;'gmowvand ice problem on ﬁighways ig one of gfeat imporﬁancs;"Sﬁudiés
whibﬁfwill reveal metﬁods'tofimprove Wintéf'driving.conaitions in-Michigéhaéfe
.highiyﬁ@égi?gblé. The investigation will include stﬁaies of such subjects-as
Enow gﬁd”fcéfConditions iﬁ Miéhigan, Phygics of'Snow.amd Iée; Snow Removal'ﬁethods,
and Tce Removal Méﬁﬁods. This-projecf is eséentiallf a_cbnﬁinuation of.the'wcrk
done on the subjecf by the Depéftment'and bjrthe Eﬂgineéring'Experiment Station

at Michigan State College.

36 G-3 (7). Snow Removal by Radiant Heating
The heating of conecrete pavement. areas for the purpose of removing ice.éndﬁ
gnow hag been successfully accomPlishedlby-pqssing hot water or steam through

plpes embedded in concrete élabs.'ifi is proéOSed in the investigation to deter-

mine the practicabiliiy of accomplishing the same purpose by passing an electric

current thrdﬁgh'a'registance grid embedded in the surface. If successful and

‘economical, the method would be ideal for snow and ice tontrol at intersections

and traffic interchanges in metropolitan areas. The Fpgd Division is participafing

in the project. Report (120) (130)

36 G-4 Bituminous Joint Sesl Investigation
There has been a long fange invegtigatlon pertaining to the evaluatidnrand

development of suitable joint séalersrand fillers, and'the preparation of specifica-
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tiong for the materials snd their dapplication in construction. This investigation
wags started by the former Research and Testing Division end later assumed by the

Research Laboratory. Several outstending studieg are asscciated with the project.

Field Joint Seal Studies, 36 G-4 (2): Several test insiallations of asphalt-

rubber joint sealing compounds have heen made for comparative study wnder field

conditions. Reports (49) (52) (81) (83) (94).

Joint Seal Bond Studies, 36 G-4 {4): Studies are in progress to improve the

bonding characteéristics of the bituminoug-rubber joint seal compounds when applied
to joints on hoth new and old pavemente.

Development of Asphaltic-Synthetic Latex Joint Seal Compound, 26 G-A {8):

Since natural latices have been hard to procure due to war time conditione, syn-
thétic latices as a substitute have been employed in the investigatioﬁ té develop
a sultable and econcomical joint seal materisl. Due to the popular use of commer-
cial het-poured type of bituminéuswxubber‘joint geal compound, this orceject has
become inactive.

Investigation of Hot-Poured Asphalt -Bubber Joint Senling Compounds, 26 G=4 (&):°

>,

This investigation has been established to study the charscteristics and performance
of the new hot-poured type asphalt-rubber joint seal compounds for the purpcse of
improving specifications and to instruect the contrasctors snd highway personnel as

to its prover use on the job. Report {101) (103).

Joint Fillers, 36 G-4 (7): Materials offered for use as expansion joint fillers
‘are investigated to determine their efficiency in performing their intended functiom.
Such materials include cork, wood, fiber and rubber. Beport (92)

39 (=14 (2) Reflector Button Investigation

The purpose of this study 1g to develop specificstions for plastic reflesctor buttons

for traffic control signs snd highway delineators.
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39 G-15 Guard Bail Post Pregervation Invegtigation

An investigaticn of wood preservatives and their anplication to guarﬁ rail
noste hasg bheen uﬁdertaken, Consideration has been given to the use of cedar as
céﬁpared With other species of wood, and alsc to methods of painting the posta
after trestwent.

41 G-12 Highwey Congtruction Cost Study

Thié”stuﬁy'was established to deveiop information on th? actual coét of
various operationsa reletive to highway construetion. Such information is highly
degirable in confection with the establichment of new design policies, to check
construction and maintenance cogte, and for tax rate congideration.

46 G-33 Guard Pail Frxwmansion Take-Up and fnchor Tegign

This investigation heeg s twolold purpose: (1) a study of expansion take- -
ups to determine if they are economically justified for the conditions under
which they are irstallied and operate,'and (2) to acquire data on anchor design
in relation.tb construction conditions and éable mall. Thege questions have bepn
of concern to tﬁe Desigt Divigion for some time.

A7 G-36 Uge of Giaés Beeds for Reflectorized Center Stripe

b comprehensive gtudy of reflectorized pavement marking was undertsken.

by the Research Labofatory with the uwltimate object of developing improved

investigation inecludes four mein objectives: (1} to determine the degree of

maximum refleciibility and wear resistance throvghout the 1life of the marking;

{2) to find what types of paint or binder are neceseary for marimum durahility

unit area from the standpoint of both efficiency and economy: and (4) to find the

w3l




best method or methods of application of the materials. . ;
The FPlamning and Traffic and Maintenance Divisions are cooferating in the
" project.

.

47 G-37 Application of Ligquid Chlorides as a Dust Pallistive

The preject concerng the application of liquid chleride to gravel surfaces
in guch & manner as to minimize the persistence of pools of Jiguid on the surface
and the loss of materisl teo the roadeides. Mechanical methods as well as wetting

agents will be considered in the study.

A7 G-32 Ekidding Properties of Pavement Surfaces
The safety of a motor vehicle is bound up with its potentisl s=topping dis-
tance which ultimately depends upon the adhesion avallable between the vehicle

tireg and the road surface. The friction properties of the road swrlace nre
By

suhject to grest varistion. It is the purpose of this in%estigatién to measufe
the skidding pfoperties of varicus types of road surfaces or the Staite trunkline
aystem in relation to such factors as mateTials‘useé, age,ofrsurfaceg amovnt of
traffic, and construction features. A knowledge of there ckidding properties

iz of importance to thoge regponsible for the construction and maintenance of the

highways. -

LE G-40 Comparative Cost Study of Different Types of Reflectorized Sigms.
The purpose of this study ig to accumulate factual ianformstion on the rela-—
tive cost of different types of reflectorized traffic contrel signs. Such infors

mation will be useful in establishing policies on highwey signs.

48 G4t Inveétigafion of Elippery Corditicns on US 2 in Upper Peninsula

A study is in progress to determine the cause and extent of the unusual
slippery when wet condition of the concrete pavement on certéin sections of US 2
between £t. Ignace and Rapide River. The investigation was prompted by the fact

that in recent years a large number of sccidente have been reported by Sitnte Police
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as having cccurred due to skidding on the concrete surface eapecially during
raing or wher pavement is wet. 7The Maintenance Division is ccoperating in this

work. Report (117) -

'48 0-42 Investigation of Hydrom Form Lining

The purpose of this project ig {o invegtigate the possible benefits of
using absorptive ferm lining in the constructicon of highway bridges, grade

crossings, and other structures. Some of the sdvantager claimed for it are:

(1) increased mtrength and durability of the conerete surface, even when air—

entraining agents are used; and (2) the removal of entrapped air bubbles at the
farm face, thus providing = smoother surface and corregponding reduction in

finiching cost. ' Tests by the U.S. Armv Engineers and the Buresu of Reclamation

apparently substantiste thege claime. Report (127)

LY G-A% An Invastiggtion of Fust Inhibitives for Chloride Salts Used in Ice and

Duegt Control

This investigation 1is. concerned with the nroblem of reﬁucing the corrosive
effect of chloride salts on metal parts of vehiéles. The work will include bpth
calcium and godium chloride salts in brine or solid form as used in ice and dust
control. It will cover different types of rust inmhibitors, their relative effici-
ency,'ecpnomy, ﬁée and limitations. Speclal congideration will be giﬁen to such
factors an pééﬁégimg, handling and digtribution in the fleld and effect on per-

sons and maﬁéfial& other than steel. Motorists will benefit materially from the

successful solution of thie problem ﬁhrough prevention of congiderable annusl

damage to motor vehicles.
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OTHER, RELATED ACTIVITIES

In addition to carrying on an extenslve research Droglam, Lhe Research Lakora-

tory is ideelly situated to take part in other mork of ﬂlgnlflcunce to the J’Cﬂlgan
tate Highway Department. These related activities are in keeping with the cbhjec-
tives and functions ﬁf_the orgapization and include,cboperation in educaticnal
programs, public relations, cooperative research, graduate study, memoership in

technical societies, and research testing.

éﬁﬂ_:i' Educationsl

i Schools and conferences are desirable from time to time in order to acﬁuaiﬁt
nembers of the Department and other interested persong with the new developments
in highway technology. In theée schoolg and_conferenceé the Research Laboratory
hag taken an activs part Sir‘l_cer its dinception.

Soils School et Michigen State College: In iMarch, 1941, an Engineering Con-

ference in soils for engineers wag held at Michigan State Collége. This solls

‘ schbol was.orgaﬁiied in cooperation with the Civil Engineéring Departmnent at
Michigén State College for the pﬁrpose of giving practicing engineers, and espe-
o cially enginsers of the Highway Department, an opportunity to becoms better
acquainted with the éubject of solls as related to‘modern highway engineering
practices. The school cons 1sted of lectures, discusgions and demonstraﬁiongn

Proceedings of the conference have been published by the College.

e Conference with Officials and Repregentatives of the Portland Cement

Agsociation and Cement Manufaoturefs and Members of the Michigan State Highway
Department: This conference was held for the expregs purpose of explaining te the
group the scope and purpose of the design and durability projeé@s of the Michigan

Test Road, as well as to point out and discuss the work of the Highway Department in

|
\
‘ .
nr their attempt to sclve the scaling problem. The conference was held on the campus
i

it
k]
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in the Engineering Buildingn Members of the Engineering staff of the college
were invited'tq attend. The meeling was held in July, 1841,

‘Central Snow Conference: The Central Snow Conference is an international

organization composed of a group of men interested in snow and snow problems.
A% the'first'meeting of the Central Snow Conference, which was held at Michigan
State College in December, 1941, the Research Laboratory wag invited to coope-
rate in preparing a pfogram fdr the coﬁference concerning standards,‘techniques,
and methods of application of knowledge of the character of snow to the problem
of snow conbrol in highway %ransportationa

The procsedings of this conferencé were published in 1942 by the College.

Michigan Concrete Conference: The Michigan Concrete Conferehce, the flrst

5 _
of its kind in Michlgan, wss sponsored by the School of Engineering of Michigan

State College in cooperation'with'the Michigan State Highway Department and the

- Portland Cement Association. The conference program was designed to give

practicing enginsers, munlcipal and county engineers, highwéy enginesrs, con-
tractors and other persons interested in concrelte as a material an opportunity
to become better acquainted with the subject of air entrainment in modern

concrete practice. The conference wag held on the Michigsn Stat@'coliegé Campus,

December 1 and 2, 1948,

Public Relationgs

ThélReseérch Laboratory is open at all times to visitors on Campus, as
well as faCﬁlty‘members and studen%s,rand,ﬁany have taken this opportunity to
obtain a'firsthand perspective of what the Department is doiné to provide the
éublic with better highw&yso.

' Béfqre the war the Regearch Laboratory participated with the Engineering.

School in the Annual Farmer's Week Program by preparing exhibits and acquainting

lakoratory visltors with the work of the orgaﬁization and the benefits derived

therefrom.
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Cooperate Ressarch Work

College rersonnel in the Fngineering School, as well @g in other depart-
£y o k

o3

menta on the Campus, including in particuler Chemistry, Bacterioleogy, Fhysics,
E ! s &Y :

Soiles, Geology and Torestry are familisr with the werk of the Laborstory, and
N 1

in some instences have cooperated in problemg of mutual interest. A cocperative

regearch preject on turf. growth is in active progress with the Soiles Selence

Department of the Ccllege.

‘The Resesrch Laboratory also maintsins close relationship with the Frgineer-
0T, 2. g

ing Experiment Station at the Oollege by particlipating jointly in resesrch pro-
. + i

jects. Thig alfords the Laboratory an opportunity to work with the Pngineering

gteff members on mutwval probleme, arnd it alsoe provides an outlet for publishing

; research information. The Research Leboratory is represented on the Advisory

Committes to the Director of the Fngineering Txperiment Stotion.
3 £ £

! The facilitieg of the Research Laboratory have alwaye been available to

| ctudents interested in highway research problems. Many students in the FErngin-

gering School have taken advantage of this opportunity to work on problems of

mutual interesi as a partial fulfillment of the requirements for a degree.

In the pursvance of the resgearch progrsm the laborstory engages the sérvice

cf several students on & pert-time besis to asgist with the work. Such z policy

£ e

has many good features in that it not only helps the sfvdent financially and

scholastically, but it serves =28 a training school from which the Department
; :
[ .
| may later select personnel for permanent positions.

Graduate Study

ﬁ Threough s working arrengement with the College authorities, it is possible

f for stvdents working toward advanced degrees to do reséarch work for thesis credit
_JL in the Resesrch Laboratory under joint supervieion of his major professor and an
|l

hJ
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experienced staff member of the Begearch Laboratory. In this manner it is
poesible for. the laboratory to enjoy to a grester extent .the academic facili-
- ties of the College in bonﬁection with the pursuance of its research activities.

Technical Sccietieg

To keep abreast of the consténtly expanding field of regearch and ite rela-
tionship to highwsy problemg, it ig imperative that an assccistion be ﬁaintained
with techniéal societies to obtlain auﬁhoritative information on praoperties and
teats of materials, and tc have available the latest date on researches which
involve the efforte &f hund?eds of éngineers and the éxpenditures of large sums
"yearly. In return the Fesearch Laboratory can bs of service by sharing experience
'aﬁd kﬁowledge on similer problems by participatiné in preograms of research, by
coﬁstructive criticism of standards and by helping promote the use of quality
epecificatlong and.staﬂéard tests. As part of its redearch sctivities, the Labora-
toxy'Qngageg'{n‘committee work with naticnai erganizationg.  Members of the
regearch orgaﬁjzation are représented on technicsl commitiees of ﬁhe Highway Re-
search Board and the American Road Builders Associlation. 8taff personnel hold member-
ghips in the Highway Regearch Board, American Séeiety of Civil Fngineers, American
Concrete Institute and.Amgyican Chemical Society.

Gontgét is maintainea with the Public Hoads Adminigiration, thelPortland
- Cement Assa9iation, Calejum Chloride ASSOCiétion, Natvral Sand and Grevel Agsoci-
ationQ Naﬁional Slag Asegoclation, National C:ushed.Sténe Association, Wire Reln-
forcinglinéfitu%e, Rail Steel Bar Assceiation, Asphelt Institute, American Sociétv
for Testing Materiale and Amé?icaﬂ Asgociation of State Highway Officisls. Contact

has algo been maintained with warious engineering conferences, such as the Michigan

Highway Conference, and Purduve Highway Conference.
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"Ressarch Testing

In addition to its reseérch.acti?ities,:the Heséarch Laboratory performs
special research tests on new materials submitted by various manufacliurers.
It also cooperatés with the Testing Laboratqry in Ann A;bor in the matter of
routine testing of materials requifing special consideration., The Testing

Laboratory reciprocates by -performing routine'testingion materials assoclated .,

with certain research investigations.

GENERAL ACCOMPLISHMENTS

Sincé the establishment of a research organizatlion in 1239, many impor-
tant contriﬁufions have been made to promote better highway construction.-
These contributions appear as bulletins, magazine articles, technieal papers
- and unpublished Departmental reports. Altogether since 1939, the total reports-

comprise six bulletins, seven journal contributlons, twenty-six technical

papers and ninety—threé Departmental reports.

Among the outstanding accomplishments of the Research Laborutory is its
investiga%ionél work associated with the Michigan Test Road. This experimental
concrete pavement project, which wag constructed in 1940 in cooperation with

the Pﬁblic Rozds Administration, is one of the most comprehensive projects of

ite kind in the country ai the present time. Several current features in con-
crete pavement construction practice, such as gcale resistant concrete, long

B it reinforced slabs, less use of expansion jointo, mechanical form iampers, and

bituminous—rubber joint seals, are closely associated with this work. These

features should increase the economic life of pavements, provide better riding qual-

Jities and at the same time effect a congiderabls reduction in maintenance costs.
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Tleport No.

1

A

10
) 11
12
iS
14

15

BIBLICGRAPHICAT, INTOPAMATION

Title

Besearch Activities of Mich.
State Highway Department

Field Btudy of Joint Sealers
Michigan Test Road
Inventigational Concreéte

Pavement in Michigan

Design of Load Trangfer
Joints in Conecrete Pavements

Changes in Characteristics of
Slow Curing Asphaltic Oils

Activities of Research

Divigion

Summary, Michigan Test Road

" Value of Concrete Spreader

in Concrete Pavement
Congtruction

Pavement Joints and Thelir
Funections

Concrete Durabllity Studies

Construction of Michigan Test
Ppad .

Natural Conditions Affectirg

Performance of Scilsg .

Fundamental Principles and

- Factors Embhedied in Michigan

Test Road . )
Rewort on Manulactured Stone
Sand and Ite Uses in Concrete
Mixtvres

Date

7-1-40
10-10-40

11-1-40

11-22-40
11-22-40

12-2-40

1-22-L1
1-28-41

1-29-41

—

1-29-41

d-18-41

2-14-41

S 5-1-41

5—15—41_

=39

L

Purpose

frticle in Michigsn
Fngineer: . ‘ .

Report to A.8.T7.M. Comm.
on Joints

Editorial for Foads &
Htreets, Nov. 1940

Paper, Highway Research
Board, Nov. 1940

Pzper, Highway Research
Board, Nov. 1940

Paper, A.A.P.T. Dallas,
Texas, Dec. 1940

Hews Release, Michigan

State News, 1-22-/1

Report to Highway

Advisory Board, Jar. 1941

Paper, A.R.B.A.
Jan., 1941

Paper, A.E.B.A. -

Jan. 1941

Report to A.C.I. Meeting,
Washington, Feb. 1941

Paper at Houghton
Conference, Feh. 1Q41

-Paper st Solls Conference

M.5.C, March 1941

Article in Romds &
Streets, May, 1941

Departmental Report

S e e e

o
e



Beport No. Title L _ _--Daté : : Purpose

16 " Report on Claims Presented By  5-16-41 Departmental Repert
W. L. JThon Co., Projects . . .
F 16-20, C4 and F 67-37, C6

17 " Proposed Specifications for 6-15-41 Departmental Report
Slow Curing Liquid Asphalt

12 Construction and Subsequent T-28-41 Heeting of Cement Yami-

Studies of Conerete Durability facturers at M.8.C.
Project, Michigan Test Read ©July 1941
19 © The Library-Laboratory A-16-41 Editorlal Roads & Strasts
Research December, 1941 '
20 Movie Seript of Michigsn Test  8-26-41 Michigan Test Road Movie
Road :
21 Pamphlet on Michigan Teet G-30-41 For A.A.B.H.0. Conven-
‘ Road _ S . tipn, Detroit,fOc%- 1941
' %
22 Regearch Activities of Hich. 11-14-41 Michigan Section, ASCE
- State Highway Department Detroit, Hov. 1941
23

General Observatlons on Con- 12-5-41 Article for Boads &
crete Sealing . Streets, Dec. 1941

24 Comments on Concrete Scaling 12-10-41 ' Hews Release te Agasoci-

Studies . ated Press, Dec. 1941
25 Effect of Various Axle 2-1-42 Departmentﬁl Report

Loadings on Highway Pavements T

26 Selected Bibliogravhy on Alir- - 2—1742 For Highway Dept. Com-
port Construction for mittee on Flight Strip
National Dafense : - Construction in Miechigan

27 Design and Construction of 3~10—42 - Pepartmental Remort
Flight Strips ) '

28 Summary of Research Projects 4H-1-42 Departmental Report

29 Agrifil as a Mineral Filler b-1~42 " Departmental Revort
for Bituminous Mixtures

30 Construction of Bxperimental 4-1-42 Departmental Progress

: Soil-Cement Stabilization ! Report

Read Surface, Stockbridge

31 Curing of Concrete by .Calcium’ 4-1-42 ‘ Departmental Report .
Chloride Integral Wixed _ : .
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Report No.

32

39
"
ao

£l

47

Titlie

Grayiing Cement and Bituminous:

Soil ftabilization Projects
Membrane Curing Compounds
Limegtone Dugt in Mortar

Regearch Laboratory Report
for Biennium 1940-1942

Progreas Beport on Houghton
Project, December, 1941 to
July 1942

Regearch Lsboratory .
fetivities

Color Treatment of Conecrete
Pavements for Camouflage

Purposes

Accelerated Scaling Studies

on Concrete Pavement Surfaces

Reflectorized fSign Material
Study

Digest of the Michigan Test

‘Road

Discoloration Phenomenon in
Refiectorized Highway Sipgn
Materials )
Research Activities 1939-1943

Color in Concrete Pavement

“Design of Concrete
" Resurfacing

Eesiganecommend&tions for
Industrial Bxpreses Highway
No. 3

Determination OFf Young'e Modu-
lusg of Trozen and Thawed Con-

crete Specimen by Sonic Method

Pate

5-1-42

5-15-42
6142

7-1-42

7-19-42

2-1-42

T-T-42

5-1-43

5-18-43

52145

60843

8-3-43

4]

jiﬂ?fa . 3
‘&-‘J!f"aa'“ . T 30

Purpese :

Departmental Report |

Specifications
Departmental Report

Department Biennial
Report

Deparinental Report

Annual Report o Dean of
Engineering, ¥.5.0.

Departmantal Report
Departmsntal Report
Departumental Report
American Concrete

Inatitute

Departmental Report

Laboratory Report

De?a?tmental Report

Departmental Report f

Departmental Peport

Departmental Report




Report No.

48

60

61

62

Iitle

Michigan's Experiences in -
the Use of Air Fntraining

Materials For Conereie Pave-

ment Construction
"Sealz!" Joint Seal Study

Condition Survey of Concretle
Recapped Projects

The Research Laboratory
Gompilation of Design and
Construction Dats for Con-

crete Pavements

Para-Plastic Joint Sealing
Material

Air—Entréining Concrete
Report on Research‘Laboratory
July 1943 - July 1944

Study of Blowups on Bitumi-
nous Capped Pavements

Study of Trensit Mixed Con-
crete in Relatlion to & Pro-
pesed Change in Batch Cuanti-
ties on Project 9-8, 03

A Study of Conecrete Pavemesnt

Cracking on Project 497, C1

& Preliminary Progress Report

on Design Project, M.T.R.
Research Taboratory Report
for Biennium 1942-1944
Mieroscopic Study of Scaled

and Unscasled Concrete

Recommendations for the
Design of Concrete Pavements

Date

10-21-43

11944

3-10-44

3-15-44,

6-1~44

6-2-44,

.6_8_44'.

6-15-44
T-R8-AL

8-3-44

I—8-4d

10-2-4t4

10-7-44

11-1-44

11-20-44

-42-

Purpogzes

Paper at 35th Annusl
Meeltings of Enginsering
Society of Wisconsin

Departmental Report

Departmental Report
Departmental Report
Departmental Beport
Departmental Renort
Paper, Houghton Confer-

ence, June 1944

Anmial Revort to Dean of

Ehgineering, ¥.S.C.

Departmental Report

Departmental Revori

ﬁepartmental Report

Paper Presented by H. C.

Coons at Highway Regearch

Board WMeeting, 1944

Department Bienunimm
Report

Eng.Txperimental Sta-
tion, Bulletin M.S8.C.,
Ho. 101

For H.C. Coons a£ ALA,
3.H.C. Weeting,
Cincinnati, 1944




e

Report Né;f T. T Title ‘ _ Date ~ ‘ Purocge -
63 _;'Use.of Vingol Resin Cement in  11-24-44 Deparytmenial Report

Concrete Bridgs Structures
64  Pavement and Subgrade Mois- 12-5-44 Eighway Research Board
' ture, Michigan Test Road

65 . Hardening of Wood by Chemical  12-9-44 Departmental Report
Procegses
56 _:Concerﬁing Changss in Senste 2-21-45 De@artmental Report
: Bill 102 Relative to Moter- k
| buses.
&7 Soil Action Under Bridge 5—14—45 " Depzrtmental Report

Piers, D.I.F.

68-R Dezign of Concrete Pavements 3-15-45 Departmental ﬁeport
' for Postwar Construction

69 Determination of Benzene in 4-1-45 Departmental Report
faphaltic Road Olls : e n

70-R  ° Agphaltic Cil-Latex Jeint- A=2~45 Publication in ACT

Sealing Compound : , Journal, - June 1946
71 Report on Research Laboratory 7-10-L5 Annual Péport to TDean of
1544-1945 Engineering, M.S5.C.

7R A Model Study of Slab Action T-16~45 Denartmental Report
in Concrelte Pavement ' ' :

73 Inepection of Concrete Pave- 6-13-45 Departmental Revort
ment in the Province of
Ontario, Canads

TA-R  The Application of Chloride 8-17-45 Departmental Report
Salts to Concrete Pavements . o
for Iee Control

75 Factors teo he Considered in the 9-14-45 Departmental Report
: Use of Alr-Entraining Concrete
for Highway Construction

76 Investigation of Anti-Freeze 1T-10-45 Tepartmental Report
Preparationg Ethylene Glycol ‘
Type :
- 77 \ Investigation of Kapco Mem- 12-1-45 Departmental Report

brane Curing
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Report No.
78

73

g0
Gl
ez

23

57

88

£9-R
30
91-R

92

T Title

The Muszkegon Evperimental
Project After Seven Years in
Service

Prevention of Secale on Con-
crete Pavement Surfaces by
Alr FErtrainment

A Model Study of Elab fAetion

in Concrete Pavements

Comments on Bituminous-Rubber

Joint Serling Compounds

Condition Survey, Grayling
Project - 1948

First Condition Survey of Hot
Poured Bituminous-Rubber Joint

Seal Installation on US-16,
West of Lansing

Investigation of Hingeﬁ Bar
Mat

Report on Research Laboratory

for 1945 -1946

Investigation of Pen Kote
"500" Maintenance Paint

Preserving and Reconditioning

of Concrete Bridges

Non-skid Bituminous Surface

Treatments, Projecie W 5-17, C2

and M 69-5, C3

Gracked versug Uncracked
Agphaltic Materials

Stedy of Slab Action in Con-

crete Favements

Investigation pf Concrete Péving Ay

Formg

Modern Highway Leadings in
Helation te Design Require-

mente and Methods of Control

~ Date

12-10-45

1-1-46

1-8-26
12146
4-15-46

5-1-46

9-30-46

10-7-46

10-16-46

10-31-46

L-2-47

..

Purpose

Departmental Report -

FPaper Presented by Comm.
Ziegler at 32nd Annual
Zoad fehool, Purdue Univ.

1-22-46

Paper for Highway Research
Board, Ckalahoma City, 1946
Departmental Report

Depsrimental Report

Departmental Report

Departmental Renort
Anmual Report to Desn of
Engineering at M.8.C.-
Departmental Report

Departmental Report

Départmentai Repert

Departmenial Repord
Departmental Rewort
Departmental Report

Departimental Report . -




Report HNo.

93

94

95

96

97

100

105

106

107

Title Date
Gradetion and Consclidation 2-14-47
of Porous Backfill
Regealing of 0ld Expansion S-14-47
Joints with Bitumincus-Rubber
Compound in Relation to
Highwey Maintenance
Experience in the Use of 3-19-47
Carbon Black nes a Color Plg-
ment in Concrete Pavement
Bituminous Fiber Board for B-2-A7
Joints '

Abnormal Cracking and Settle— L1477
ment of Pavement Slabs in fthe
Willow Bun and Detroit Indus-
trial Expressway System
Wood Joint Filler Investigation  5-28-47
The Regearch Tabhoratory T-15-47
Fegearch Activities T-1-47
["Seélz Melter" Heating Kettle for 9--3-47
-Rubber Joint Sealing Compound '
Iiquid Chloride Application G 1747
‘Rubber Compound Heating'Kettle o
Chauvssee Model R-115 9-18-47
Progress'Report on Load Teflec— ll~30ﬁ47-
tion Tests Dealing with Length
and Size of Dowsls
Cracking of Concrets Patches 12-15-47
Project A9-7, CL
- Progress Report on Study of 12—24r47
Turf Growth on Soil Mixtures
Consolidation of Porous Backfill 1-23-48
45

454

lgrposé
AR.B.A, Committee on Compae-
tion of Soil, Chicago,
Feb. 1%, 1947

Departmental Report

Departmental Repori

Pepartmental Report

Departmental Report

Departmental Report'
Departmental Feport_

Annunl Report to
Dean of FEngineering

Departmentsll Use
Departmental Report

Departmental Report

Highway Remearch Board
December, 1247

Departmental Report

Highway Research Board
December, 1947

Comm. Feport ARBA




Report No. . Title o S Date Purpose

108 Detroit Manufactured Brick for 3-1-48 Departmental Réport
Catceh Basins and Manholes : -

109 The Use and Treatmént of Granu- 3-3-48 Exp. Statien Bul. #107
lar Backf%ll Michigan State Ceollege
110 Deterioration and Restoration of 3—15—48 Departmental Report

Concrete Bridges of State Trurnk-
line System ’

111 Study of New Ameriecan Decalcecmania 3-26-48  Departmental Report
Reflective Material :

i1z More Turable Concrete by Air 4-30-48 Anmnl - Meeting of ﬁ.EES
Fntrainment Aprii, 1248

- 113 A Study of Fiherglass Fabrics for  6-1-48 Departmental Revort

Membrane and Joint Waterproofing

114 Effect’ cof Toreign Material on 3-1-48 ‘Degartmental Report

- Qdality of Concrete on Favement

F A3-16, C2

115 Cperational Comparison of Premixed 8-25-48 Departmental Report

and H2HD Specification Materials
for Reflectorized Centerlines '

116 Shoulder Construction Practices 11-20-48 Committee Report
in Michigan — HRB Roadglde Devel-
opment of Shoulders

117 Investigation of Slippery Condition 12-1-48  Departmental Use

of Stone Sand Concrete Pavement

118 An Appraisel of the Membrane 12-15-48 Bulletin #108, Fng.
Method of Curing Concrete ' Exp. Sta., U.5.C.
Pavements :

119~ An Improved Sonic Apparatus 1-15-49  Departmental Pistrie

for Determining the Dynamilc bution
Modulus of Concrete Specimens ‘

120 Michigan's Experiment in Snow ' 1-15-49  Departmental Distri-
' and Ice Removal on Highways bution
by Hadiant Hest '
1z1 Field Tests of Reflectorized 1-26-49  Departmental
Strines ' '
!f
;
N
|
@
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Renort No.
122

123
124
125
126

127

128

-129

130

131

Title
Concrete Curb Degign
Application of Whits Membrane

on Froject ¥ 74-41, C1, US-25,
North of Port Sanilac

Relative Resistance fo Thermal
and Mechaniecal Skock of Various
26-A Modified Aggregates Used in
Bituminous Ceuncrete Resurfscing

Field Check of Design 6f
Positive Type Shear Develdpers

Spalling of Joints on Project

Investigation of Hydrcén Form

‘Lining

The Use of Non-Shrinking
Mortar for Anchoring Bolts
in Concrete Members

'Longituéinal Cracking on Project

F 17-42, C4

Performance and Cost Information
Relative to Michigan's. Experiment
in Snow and Ice Removal by Radiant
Hent

Adr Entraining Conerete cn Bridge
Project FB2 of 3-8-1, C1, Plainwell

] o -a7-

- 2=15-49

3-1-49

B-7-49

3-7-49
3-4-h9
4149

5-1-49
5-6-49

5-10--49

5-13-49

195

Purvoge

Departmental

. Departmental

Specifications

Departmental

Departmental

" Departmental

Departmentgl

Departmental

Departmental

Departmental

Departmental




Item

Project No.

10

11

12

13

14

15

%

36

39

"35

P

39

42

42

42

39

42

43

G—éL(;):

Gh (2)
B-11 (6)

E-5 (3)

G-21 (1)

P (7)_7*
621 (2)

G-20 (2)

B-14 (1)

B-11 (1)E

B-10

B-11(4)
6_19 {1)f

619 (2)

'Eerd1ﬁoad‘Joiﬁt,séal“stu@f

Durability of Conerete

APPENDIX A

SUMMARY OF .COMPLETED PROJECTS -

ot Title

.

Gontéining %toﬁé’ﬁand

Calclum Chlor1de-otabliized
Road Mlxtures ‘

Selected Bibliography on Air--.

.port Construetion for. Nat?onal
Defense

Theoret1cal ConqLderatlons of

‘Multiphe Axle Loadings =

Deslgn Becommendatlons for
Flight Sirips

Agrifil as a Mineral Filler
for Bituminous Mixtures

Membrane Curing Compounds

Admixtures and Grinding Atds
in Mortars and Concrete

Color Treatment of Cénc+ete f

Pavement for Camcuflage Pur—

poses on D.I.E.

'Houghton Rééearch Project

Comparatlve Study of Reflec~
torlzed Slgn Typea :

DlscoJoratlon Phenomenon in

o %1gn Materials.

B-10

'lColoreé Concrete for Ramﬂ% i
. on D.I.E. : '

=48~

o Dafe:-

-qnow Drlft Gontrol by nghway_f 9-1-39

:De%lgn
10-10-40
5.35.41

o ip15o41.

L2-1-42

2142
BthfAZI
4142
5-15-42

C6-1-42

7-15-42

7-19-42

CAL=1-42

C1-10-43
. Beaded Reflectorized nghway‘:,- :

. 5-18-43

Rep

ort Number

- ML8.
Sta.

M.S.
Sta.

C. Exp.
Bul #86‘

2
15
c. Exp.
Bul. #97

26

27
29
33

34
38

36

40

42

44,95




Item. l-Procht No.
16 43 F-s

17 43 F-9

hi:L 39 B-11 (1)¢

19 L F10

20 43 0-23

21 LY, (=25

22 Wi, G-26

23 L G-27

24 29 B-11(1)B

25 42 B-17

26 L G-24

27 29 F-7 (4)

28 36 G-4 (1)

29 L5 (29

30 L5 G-28

31 39 B-11 (5)

22 43 G-22

33 L6 G-32

Title
Degign of Concrete Regurfacing
Design Fecomnendations for
Detroit Incdustrisl Fxpressway
Ho. 3 '

FreezewThawﬂDuraEil{ty Test

Survey of Conerete Recanped
Projects

-Compilation of Design and Con-

gtruction Data for Concrete
Pavements

Study of Blowups on Bituminous
Capped Pavementsg

Study of Treansit-Mixed
Concrete

Concrete Pavement Cracking

Project 49-7, C1

Microscopic & Chemicsl Study
of Scaled and Unscaled Concrete

ge of Vinscl Resin Cement in
Bridge Structures

Herdening of Wood by Chemical
Procegs

 Subgrade Friction Studies

Development of Asphalt-Latex
Joint Seal Compound

Investigation of fnti-Freeze
Prepdaratidns (Bthylens Type)

Investigation of Wembrane
Curing Compound '

Socdium Chleride Sealing Studies
Maintenance of Highway Signs

Hinged Joint Bar Mat

-49-

Date
5-21-43

6-25-43

H-3-43

3-10-44

614t

T-28-44
8-3-4L
B-8-44
11-1-44
11-24~44,
12-9-44

3-15-45
4=1~45

11-16-45

C12-1-45

12-10-45
b=1-46

6a5446

iy

,‘5 P

2E

S

" Report Number

45
46

47
50

52

57

T

63.
65

68-R

70,78
76
77

74-R
¥o Renort

84



Ttem Project No. Title = o - Date Beport Number

34 A8 (-21 Investigation of Pen-Kote "500" 7-23./44 13}
Maintenance Paint

35 46 P-12 . TLoad Limitations on Highway 1-2-47 92
Pavements and Bridges

36 T 46 B-20 Abnormal Cracking and Settle- A=1A77 il
ment of Pavement Slshe in the
%illow Run and Detroit Industrial
‘Expressway Systems

37 46 G—BO Conerete Paving Form ' 4—4«47 1=K
.. Investigation

38 47 G-34 Bituminous Fiber Board 5~2-47 . 96
. ‘ Investigation
39 36 G-4 (7)B  Wood Material Joint 52847 . a8
Fillers :

40 44, F-11 Model Study of Slab 11-1-47 72,90
Action o

41 47 -2 Oracking of Fatches on 12-15-47 105-
F 49-7, €1

42 47 G=39 . Manhole Brick 3148 108
Investigation :

43 42 G-19(4)  Study of New Decalcoman— | 3-26-48 111
: ia Reflective Material - :

b, 47 G-35 Fiberglass for Membrane 6-10-48 ©113
. Waterproofing

45 AT A9 Durability Studies on Dolese 3-7-49 124
& Shepard Limegtone Aggregate
26A

L6 48 B-22 " Effect of Toreign Material on  6-10-48 - 114
Quality of Councrete, Progecﬁ
F 43 16 ca

VAL 45 B-18 Preserving and Reconditioning of 3-15-48 87,110
Concrete Bridges

48 42 B-14 (2) An.AﬂDraisgl of the Membrane 12-15-48 ' -118;123

Method of Curing Concrete
Pavements

-50-




.Project'Nb.‘

39 FP-7(10)

.48 F-18

48 G-41

43 G-44

Title -
Concrete Curb Design
Joint Failures on Project Fl4-33, CI

Invéstigation of Slivpery Condition

-, of Stone Sand Concrete Pavements .

 Use of Non-Shrinking Mortar for

Anchoring Bolts iun voncrete

-51~

Date.
2-15-49
12— 1-48

12- 1-48

5- 1-49

187

~ Report Number

izk2
1286

117

128



APPENDIX B’
SUMMARY OF RBSEARCH PROJECTS BY SUBJECT MATTER

Status: (1) Completed; (2) Completed, report in progress; (3) Active; (4) Inactivé;

' (5) Planned.

Subject Proiect Number Status. Report Number

Admixtures _

Timestone Dust 39 B-11 (1) E 1 3,

Agrifil | 42 G20 1 29

H. P. 7 39 B-11 (10) 3

HSilies Dust 39 B-11 (2) 3 39

Pogzolith 39 B-11 (2) 3 29

Plastiment - 39 B-11 (2) 3 39
Aggregateg

Eveluation of Sources : LT AT 3

Material Surveys 47 A-8 5

Heating of Aggregates L7 A-9 1 124
Anti-Freesc 45 G-29 1 76

Bituminous Material

Siow Curing Asphéltic Oils. 36 0-1 3 6
Specification Changes 36 C-1 3 17
Benzene Determinaticn , 36 ¢-1 1 69
Cracked versus Uncracked Oilg 36 C-1 1 89-R
+ Weathering Inhibitors 47 C-5 3
Bituminous Mixtures
Surfeace Treatments _ 46 D13 3 g8
Rubber Admixtures 46 B-14 3
Bituminous Capping Blowups ' 4d G-25 i 56
Biﬁumiﬁeus Paveﬁent Design
Concrete Base Course 39 F-7 (9) 4 -

" Bridges S |
Consolidation of Backfill 45 E-11 1 93,107,109,M.5.C.Bull.
Strese Distribution ' 47 F-14 3 #107
Vinsol Resin Cement Concrete 42 B-17 1 63
Orvusg in- Sidewalk A 42 B-13 1
Spiral Shear Developers 48 F-17 3. 125
Preserving and Reconditioning A5 B-18 1 g7,110
Form Lining (Hydron) 48 G-42 i 127

Brick , ‘ . :
Manhole Brick Detroit Area ' 47 G-39 1 108 -
Chloride "Salts _
Bust Inhibition on”Agtb Vehicles 48 G-43 3
~52~




g5= S I
fubject Project Number Tatus Report Number
Conerete, Coloraed ‘
Camouflege Highways , 47 B-19 1 " a8
For Harps on D.ILE. . 3 B-10 : 1 Li, 95
Conerete Curb Design ' 39 F-7 (10) 1 122
Concrete Curing
Membrane Curing Specilicationes . 42 B-14 (1) 1 33
Membrane Curing Compounds 45 G-28 1 77
Appraisal of Membrane Curing 42 B-14 (2) 1 119, ,8,0,Bull.
Caleium Chloride 29 B-11 (2) 1 © 3l #1008
Qgpcrete Tmrablility ‘ E -
 Stone Sand 39 B-11 (6) 1 15
Freepze—Thaw Test 39 B-11 (1) E. 1. A
AMr-Entreining Concrete 39 B-11 (7) - 3 4&,54,6%,75,79,112
Dursbility Project ¥.T.R. 29 B-11 {2) 3 See Exp. Projectrs
Influence of Soda Ash in Mix 48 B-22 1 114
Concrete Povement Congiruction
Conerete Paving Forms 46 G-30 1 93-B
- Foundationg ' 45 E-1L 3
Constructicon Compts Al G-18 A
Cuerd Rail Expansion Take-up 46 G-33 3
Guard Rall Anchors A6 (-33 3
Cuard Rail P osl Preservetion 39 G-15 3
Hinged Bar Mat ) 46 G-32 1 84 .
Mechenical Concrete Spreader 39 F-7 (2) 1 9
Oonecrete Pavement Degipgn
Load Tranefer Devices 39 P-1 3 5,10,68-F
Design Recommenddtions 39 F-7 (1) 3 62
fubgrade Frietion . 7 39 -7 (4) 1 68-B
Concrete Resurfecing L3 T8 1 45
Detroit Industrisl Expreassway # 2 43 F-9 1 A6
Concrete Recapping _ - A4 F-10 1 50
Decipn and Construction Data .~ 43 G-23 1 e
Joint Fillers - : 36 G4 (7) 1 9%
Bituminous Fiber Board A7 G-34 1 26
“lab Action-Static. Losds ‘ 44 F-11 3 72,80,%0
Sleb Action-Dynamic Loads A7 F-13 5 .
Design Project, M.T.K. 39 F-17 3 See Exp. Projects
Subgrade Modulus 39 F-7 (3) A AE-R - ’
Subgrade Moigture - -39 77 (2) 3 6/,
" Concrete Pavement Cracking : 7
Willow Run and D.T.E. Expressway 46 B-20 1 g7
Project ¥ 49-7, C1 Ld G-27 1 58
Projects ¥ 40-11, C2; 5-15, C2 43 F-6 3
Longitudinal Cracking, F 17-42,C2 47 F-16 1 129

53




Proiect Number

't

o
T

Subject
Concrete Pavement Joints
Spalling on F 14-733, C1 48
Conecrete, Physical Properties
- Avtogencus Volume Changes 47
Phygical Properties at Early Age 39
Effect of Low Temperatures L2
Concrete Scaling
Mierogcoplic and Chemical Study 39
Sodium Chloride Studies 39
Scaling Stydies M.T.R. . 39
Project F 15-11, C2, US- 1°1 45
Houghton Proqect 39
Conerete, Transgit Mix - Ld,

Experimental Concrete Payement Projects

Michigan Test Roaed, Degign Project 39
Michigan Test Road, Durability 39
Project

Manieticue, M 75-28, 02 39
Muskegon, M 61-27, C5 39
Rogers City, M-71-24, CL 39
Grand Rapids, T 41-34, C6 39
Grand Ledge, F 23-6, C4 39
Houghten Project 39

Fl?ght Qtrlps

Bibliography on Airport Construc- 42

tion ‘

Design Recommendsations 4Le
Hardering of Wood : 4i,

Highway Signs
Reflectorized q1gn Types 42
Discolorstion P hencmenon - 42
Maintenance A3
Reflector Buttong, Specifications 739

Decalcomanis Reflective Materisl 42
Pelative Cosgt L5
Spec. Bead-Reflectorized Material 42
Spec. Prefabricated Signs 42
Spec. Beads on Paint Signs 4.2

G-19 (

F-18

B-21
F-7 (&)
B-16

B-11 (i) B

B-11 (5)
B-11 (2)
B-19

B-11 (4)

G-26

-7 (2)
B2 (2}

B-11 (4)
B-11 {8) -
B-11 (10)
F-7 (5)

F-7 (12)
B-11 (4)

G-21 (1)

G-21 (2)

G-24

G-19.{1)
G-19 (2)
G-22
G-14 (2)
G-19 (4)
G40
0-19 (5
r?

-54-

W ) e bl PR

=

(SN}

W

[ElAWUIRES IV RN R UV ]

o W

Report Number

126

61, M.8.0. Bull.
n #101

%%
57

‘

3;24)38:933-2)1‘!*33-6.520:
?1,41,59; 62}-
3,8,12,14,18,20,21,
25:31339:41;A8364379 -
36 :
78

36

26
27
65

-4

40
42

Noﬁﬁemqrt

11



Fubject

Joint Sealing
Asphalt-Tatex .
-Ford . Road Project
Fxperimental Field Studies
Bond Studies
Asphalt-Synthetic Latex

Bituminous-Rubber, Hot-Pour Type

-Iiguid Chloride

Duet Pellistive =znd Bust Inhibi-

tors

Maintensnce Paint

Membrane Vaterprocofing
Use' of Fiber Glaes

Mortars

FPavement Marking

Glags Beads
Paints

Pavement Burface Condition

Psvement Roughness
Skidding Properties-
slippery Condition on US-2

Performance Survevs

Projects of Post War Design
Prewar Pavements
Projects using State Cement

Regearch Activities
Publication
Biennial Report
Dean of Fngineering, M.<.C.
Departmental :

- Snow Removsl and Ice Control

 Radiant Heating ,
i
S0il Action Under Bridee Piers

Soil Stabilization
Y
Bituminous, Grayling
Cement, Grayling

Cement, Stockbridge .

Calcium Chloride
Chemical

 %6 G—A
-36 G-4

Non-Shrinking for Anchor Bolts

Project Number

36 G4
36 G-4

36 G-4

1
2
3
4
5
36 G-4 (6

T A e
R P T

47 G-37
46 G-31
A7 G-35
19 G-dd,

L7 G-36
47 G-36

47 F-15
47 G-38
48 G-41

29 F-7 (14)
39 F-7 (6)

39 F-7 (13) .

Regearch
Regearch
Reseznch
Research

Status

W B B ) b b

2

P b [ECRECREY) R 3 i)

Fas
o

Lt

Report Number

’
REC IS IR

70-R,78
2

49}53:81383;94

103

86

113

128

115

117

1,7,9,22
"35:60

37,55,71,85

28,43,51,

M.8.0, Buli.

120

67

e

jea e
Ny RO

QNN

M.8.C. Bull.,

99
#a6

#97



Subject ' N Projéct_Number-_‘ Status  Report Number

Traffic . .
Changeg in Motor.Bus Loading 39 F-7 (1) 1 66
Multiple fxle Loadings 39 F-7 (7) 1 25
Load Limitations ' 46 F-12 : 1 92
Wheel Load Freguencies 39 F-7 (11) .3

Turf Growth on Shoulders. 42 B9 3 " 106

5@




