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The Michigan State Highway Department, over a period of years
has realized the value of research and hag contributed valuable in-
formetion to the art and sclence of highway building. Further evis-
dence of the importance of'reSearch in the highway industry is mani-
festeé by the establishmenf of a geparate organization, by the admin-
igtration, for the express éurpose of conducting certain regearch ac-—
tivities of the Department.

The activities of the research organization are devoted to speci-

fic problems arising within the several technicel divisions of the

Highway Department, as well as comprehensive laboratory and field
studies earried out on & long range plan,

The research laboratory was established in Sepbember 1938, st
Michigan State College, Fast Lansing, by reguesgt of the Highway admin--
igtratlon upon approval of the State Board of'Agricultﬁre and the State
Administrative Board., The pergonnel and eguipment of the o:éanization
are located in the R. E, Olde Hall of Engineering, on the campus. The
callege authoritieg accorded thrthe;ﬂighway Department the facilities
and certain space of the Civil Engineering lshoratories for pursuance

of their regearch program,

The Rescarch Program
The research program is comprised of primary problems pertalning
to higher quality concrete and bituminous‘Pavementsras well as subgradé
invesbtigations end soil sbabillzation. In regard to concrete pavements,

. . . T .
special emphasis 1s being placed upon such subjects asg, scaling, curing,
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design, including =lab fhickness, spacing of jolnts, joint design and
concrete mix design. The changes in characteristics of binding medium
and consequent development of specifications for binding material are
‘being considered in comnecilon with bituminous pavements. Subgrads
s0il studies in?olve'measuremeﬁt of subgrade supporiing velue, relstion
of chﬂracteristiés of suﬁgra&e Soil to supporting value and methods of
goil sgbabilizatlon.

This report presents the purpose, scope and staius of each of the
nine major projects includéd in the research program of the research
laboratory as well as other actlivities in which the research organiza-

tion has taken an actlve part.

The wmajor regearch projecls are:

1. Strucbural design of pevenent jolnts
2. Councrete durabllity studies

3. Concrete pavement design

@g 4, Concrete mix degign
i 5. Bitumincusg pavementsg
Fig 6. Soil stsbilization

7. Snow and ice conbrol
8, WMiscellaneoug shtudies

9. The Houghton project
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- PROJECT 1

STRUCTURAL DESIGN OF PAVEMFNT JOINTS

The evaluation of load transfer dévi@es pertaing to the study ﬁf
the statlecs; elagtic and plastid properties; gtrength characteristics
and stress digtribubtion in trangverse joints composed of different
types of load transfer devices.

The purpose of the #budy is to egtablish criteria for thé evalna-
tion of load trensfer devicés and joint agpemblies, to destermine proper
gpacing of same and to obtain data for writing specifications,

The Importance of.sugh a sﬁudy ié_quite_evident, There hasg heen a
feeling, for gome time, among engineers that as‘long as expangion joints
are required in concrete pavement slabs some type of lead ftransfer device
will be required to strengthen the freeledges at such joints, especially
to meintain the slabe at equel elevation. However, there hag been a wide
divergence of opinion az to how it ghowld be accomplished and a decided
lack of agreement on the‘fundamental gtructural requirements at such a
joint when load transfer is used, |

Load transfefldevices have been used expefimentally for a mumber of
years but no definite criferia has been egtablished for their use and
degign. DBecause there is such a dlversity in the design and use of these
devicesg, the situation seemé to dictate the necesgity for obtaining accu-
rate information regarding other characteristice as individuel units in

concrete, as well as thelr characteristics in groups in a concrete slab.
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The project hasg been plammed to include the four following major
studies -

1. Development and consbiruction of a special hydrsulic
testing machine capable of not only testing joint units
but equally adaptable to othsr tests requiring compress—
ive forces.

i

» ohear deflectlon tests on various types of load transfer
devices to deternine their mechanical characteristics.
Also, shear tests exemplifying load transfer at contrac-
tion joints.

5. Completion of date and necessary mathematical calcula-
tiong incidental to the structural design of vavement
gleb edges at exponsion joiuts.

4, The establichment of a proposed'field ingtallation test

for jalnt wnilt aggembliss and preparation of specifica-~
tions for load transfer units, and joint wit asgsenbliss.

Development of Hvdraulic Teghing Machine

Purvoses To degign, and congtruct a compression mechine capable of
testing the various types of load transfer devices,

Scores The testing machine wag to be designed and constructed with
the thought of using it for other laboratory tests lnvolving the need for
com@ressive forcas.

Status: This part of the iavestigation has bheen completed.

Shear-Deflection Tegts

Purpose: To sghudy the charactsristics of the various load transfer
devices under laboratory shear-deflection tests in order to obtain data
necesgary for the guccegsful design of expansionrjoiﬂtsa

Sgope: The study has included seventy-individual ghear-deflection

e

tests on load transfer devices including the geveral nroprietary makes on




the market as well as gpecial devices. Also, the study includes shear—

‘deflection tests on different types of conbtraction jointe.

Stetug: This work has been completed.

Structural Desisn of Pavement Slab Fdges st Expansion Joints

Purpoge: To develop a definite criteria for determining the proper
gpacing of load transfer units and Lo establich giress relationghips in
concrete slab edges al expanslon Jointg.

Scope: The study will include a review of the work of Westergaard,

1

Teller, Friberg, the previous work of the Michigan State Highway Depart-
ment, as well as the laboratory studies included in the scope of the joint
project.

Statug: This work has been completed and written up in preliminary

form.

Field Installation Test for Joint Unit Assemblies

o

Purpose: To estéblish_a field test whereby a joint agsenbly could
be subjected to conditions similar to those encountered in actusl concrete
congbruction for the purpoge of juldging its merits and to determine if it
meets gpescifications. -

Scope: The study includes two separate parte; first, the development
of a suitable joint assembly test and second, 0 prepvare specifications-to
iunelude 81l types of load transfer agsemblies,

Statug: This work haes been completed and is writien up in preliminf

ary form.




PROJECT 2

CONCRETE DURARILITY STUDIRS

A survey study of all concrste pavemente show that a considerable
percent of the surface ig scaled in varying degrees. This condition hag
becoune more appsrent s the use of chemical salts has increased for the
removal of ice from pavements., Scaling hag been coﬁmon in most parts of
the state, but, on & whole, the concrete is predominantly good., Bul, even
sc, the mgightliness of scaled sreas and subsequent mainbtsnance and the
adéed posgibility of further deterioration is of immediate concern -to the
highway engineef.

For this reason, & study of scaling, ils causes and wethods for pre-
vention, has been incorporated iniolthe regearch program wnder the title
of "Durebility of Conerebe Pavemenis".

The durability project includes the following msjor parts:

1. Condibion survey of existent pavements.
2. Durability projsct of the Michigan Test Road,
2., Labvoratory durablility studies,

The major studles outlined sbove will be discusged geperetely in-

cluding their purpose, -scope and present ststus.

Condibtion Survey of Fxigtent Concrete Pavements

Purpose: To determine by visusl observation the amounts and degree

of scaling prevalent in concrete rosds in Michigan and to correlate this

information with the various faoctors incidentsl teo the construction of

the pavement slsb.
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Scopg:  Survey included all of the concrete pavements on the slate
trunkline . system,

Statuse: ALl of the faclors and amounts of gealing have been recorded
on coding gheets specielly orepared for thils particular study. It remalins
to have the data on the coding sheebs transferred to cards for punehing

end the desired information obtained by the menipulestion of the cards

o

through the International Business Machines, It 1s proposed to have this

completed =8 soon as possible.

Durability Project of the Michigan Test Road

Purpoge: The performance of conerete wider the zeverity of ssrvice
cannot be predicated upon lsboratory studies. Therefore, the ouUrpose in
congtructing the durability projegt wag Lo obtain a field laboratory to
obtain accelerated actlon of chiloride selig or ice on concrete pavemsnt
and to gbtudy the regultant acticon. Also, to evaluste the effect of vari-
ation of factors relative to comsgtruetion and materisls used in highway
congbruction uvpon the durability of concrete pavements,

Scove: Fmbodied in the durability project are the following co

b’
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erstiong:

1, The grading o
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g with definite recogni-
sing 200 mesh,

2. The comparative effect of verious iypes of addi-
tives including, physical and chemical verieties
ag wall ag cement blends and cemente produced
with grinding aids.

5. Crushed limestone aggregetes with svecizl atien-
tion to Tiner fractions.

4, A gtudy of finishing methodg in relation ho
gealing.




5. A study of various curing methods in rela-
tion to scaling.

8, Accelersted scaling studies.

7. Comparative laboratory fresezing and thawing
tests on flezld speciumens,

8. Specilal laborastory study of pavement cores.
taken from durability project including freeg—
ing and thawing, walt welght, void content,
diatribution of aggregate.

9, Fectorg incldentsl to construction which might
be contributory to scaling. :

Status: The fileld and laboratory work hag been practicslly com—
pleted on all problems exceplt the acceleraled scaling studies and the
core study, numbers 8 and 8 respectively. It is plammed to carry on
the scaling studieg for a period of years., The core study ie now in
progress. Lt is proposed to submit all of the data from the durability

project in the form of a progrese report. The compilation of data for

this progress report heg been started,

Taboretory Durability Study

As a part of the general luvestigation of the durability of con—
crete pavements in Michigan, laboratory studies hsve been undertaken to
supplement the field study end the durability field project of the Michi-
gan Tegt Road.

Tﬂe leboratory program has.been divided intd two main divisions
devoted to the following Work -

1. The determination of caugeg of scaling,

2. A gbudy of methode Lo prevent scale,




The above problems pertaining to the laboratory durability study will

be dipeussed in the order glven.

1. The determination of Csauses of Sealing

Purvose: To make a comprehensive study of the many factors con—
gldered to bLe contribuitory to scaling for the purpose of obtaining
subgtantial dats to enable ug to approsch the problen of prevention
in = 1égical Mmanner.

Scoper The study of causes of scaling has been divided into three
phages; chemlcal, physical and mechanical. Under chemical cauges have
been included -

1, Compiletion of dats psriinent to salit soluticns
Invoiving a bibliographical study and z fl=ld
study to determine the probable concentrations
of galt solubions on pesvements due bto ice remov-
‘al methods.

2, Socale formation on concrete as effected by chloride
gsalts, involving such studies ag the chemical reac—
$ion of chloride galts on the constituents of con-

- erete and the formation and distribution of chemi-
cael products conducive to scaliung.

3. 'The chemical sction of chloride galts on neat ce-~
ments, mortars snd concrete under different test
conditiong.

The vhysical phase invoives twe mein subjects -

1. The gegregatlon and varistion of congtltuents of
concrete, sueh ap blesding when sssociated with mix
design, vhysical characteristics of constituents,
working of the conerete surface and interfacisl rela-
tiong between the constituents -of concrete.

2. Variation in vhygical charscteristics of concrete
from top to bottom of slab, involving grading,
amount of cement, density, absorption, porosity
and coefficient of expansion.

Mechanical factors will be considered to inciude; frosgt action,

freeging end thawing and traffic conditions.

-9 -




Stetus: Parts I and 2 of the chemical phase have been temporarily

completed vending further regults from other phases of the problem,

chloride gelts on neat cement ig practi-

Iy

The gbudy of chemlcel action o
cally completed and preparation has been msde o continue with the gtudy
on mgrfars and concrele.

Studies 1 and 2 of the physical phase heve been correlsted with con-
struction factors relative to the test road and that part has been com-
pleted, However, further lsboratory stuﬁies are necegsary to completely
terminate the project.

-

The mechanical factors remsin to be studied,

2. Seale Prevention Sbtudies

wpoge: It ig a vecognized fact that gesling can be materis

P HEE A § recognized fact that 213 b t 11
reouced by additlives, and by the proper control of congtruction practices.
Therefore, 1t is the purpose of this investigation to gbudy the relative

merits of the many propoged metheds of scale prevention as a pert of the

vhole subject of dvurabllity of concrete,

Scope: The scale prevention studies include the owing subjects:
1. Improvement of characterietics of coaqtltueﬂtn
of concrete,
2. Improvement of consgtruction practices involving
wix design, congtruction operstions and curing
methods,
3. The uge of admixtures or grinding aids.
4, The usge of gurface sealers.
Status: These four problems cannct be completely terminsted until

the durebility project has been exhsusted in all ite pheses., However,

- 10 ~




enough data has been accumulated, so far, to enable the Regearch Labora-

tory to present certein recommendatlons relevant to the subject.

(%

=
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PROJECT &

CONCRETE PAVEMENT DESIGH

Purpose: To establish certain fundementsl principles in concrele
pavenent design and to cofreléte certain leboratory studies with con~
abtruction methods in order to develop more durable concrete pavemente.
The fachts and reletionships cobbtained chall be used for the improvement
“of the Wichigen State Highwey Department design and construction proce-
dure.

In order to realize the purpose of the projebt, it wae necegsary o
consbruct en experimental pavemnentd inporporating the principles and fac-

tors incidentsl to desizn and consgtruction. This experimental pavement

£

roadg which ﬁere subnitted to the Departmenf in 1940.
Segoe: The important design studies considérad with regpect to
modern practices are:
1. Spacing of expsnsion and contraction Jjoints.
2. Expaenglon snd contraciion jolnt c’iesigﬁe

%. Uniform elabh thickuness versues balsneced cross
sections,

4. Amount of reinforcing steel necessary.

5, Relation of pavement cross-section to subgrade
supperiing value.

8, Pavenment crosg-sechion thiclmess,

7. Prestresgsing of concrete glabs during curing.
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PROJECT NOo 3

Laﬁofatory

J I

Degign Projeét

Michigan Test Road

Compilation. of

Progress Reportls

~ Studies ————— Field
Spacing of 'j - i
Joints - —
) BEagular Incident
' E Procedure Studies
Joint Design .
] Comdition ' C
oD Surveys - Joint Seals
Cross section ' ' '
5 ‘ e
Reinf - #lab Subgrade
einforeing - Mesgurements Modulus
‘ | '
. Subgrade ) A .
, . Care ef
Bearing Valus | | Installations
Slab Thickness
E i
Prestress
_ Conerete : .
MICHIGAN

STATE HIGHWAY DEPARTMENT

State Highway Commissloner

Ge Donsld Kennedy




Included in the scope of the deslgn project were certein inci-
dental congtruction features, such as -

1. HMechanicael versus manuel hendling of concrete
on subgrade. '

2. Mechenical versus hend tamping of forms,
3., The use of different types of Joint zeals,

Importance: There i need, at tho present time, of o comprehen-

slve evaluvation of modern theories of degign and construction. Thig
ghatement 1s clearly demonstrated in recent reporis of teclnical
writers on the subject.

The value of thig study is further enhenced by increased beauby,

e

safety, rosdability, economic 1life and reductlon of cost of congbtruc-
tion and meintenaunce.

Furthermore, no gtudy of this type hag been carried on since the

(oo

Bates Road Test in Illincls in 1922-23.
Statuc: Tt will take peveral yearc time before sufficient deta
will be accumuleted from the degign project of the test road to warrant

making eny definite concluslons relative to the design sgtudies. However,

the date will be compiled as received from the field and, no doubt, some

definite trends reletive to the warious factors studied will be nobed

'

within a short time. This project lg in progress contlinuously.




PROJECT 4

CONCRETE MIX DESIGN

Purpogse: The purpose of this study is two-fold. First, to design
concrete miztures sceording to the mortar void theory, using various
additives as preliminary work to the durs blllby project of the Michigs
Test Road. Second, an atiempt to design a practical and economical con-
ccrete mix that would show lmprovement in resistance to scaling as come
pared to some of our present day pavenments,

Scope: The project 1g comprised-of three mein probleme, namely:

1. The dezign of concrete mixtures by mortar
vold method when additives are to be used
in the mixture. A preliminary study o
durability project of test rosd.

Za A pradation gtudy of concrete aggregates
and cement as related to scaling and dura-

bility of concrete,

3. Theeimplificetion of mortar void methed of
copcrete deslign

Imoortance: In one respesct, this subject ig a pert of the dura-
bility project, bowever, it is of auch gignificant importence from
another standpoiut thet it has been get up ag e separate project. It
ig significant that our present specification requiremenﬁs‘are not all
that they should be with respect to gradation of fine and coarse aggfem
gates, eppec;ellJ where workability and dursbilily are concerned, Also,

it is imoporbtant thet we congider several posesible chenges in gradations

and thus dpen up locel material gources for the manufacturing of more

- 14 -
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economical concrete, Themortar void method of concreie design ag
used by the Department should be thoroughly studied in 211 its phases
and simplified eo that it can be understood and applied by ail engln—
eers, who are interested in concrete design problems.

Statuss Pard one of thig project program has been complseted. The

balance "of the vroject program was dropped because men were not avail-

able for assignment to the work. Preliminary report Wo. 21 hag been

;
prepared,

i

- 15 -
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PROJECT &

BITUMINOUS PAVEMENTS

Purpoge: - This is a conbinustion of e bituminous resesrch progranm
initisted in 1983, The purpoge being to determine the changes in char-

seteristices of slow curing asphalbs before and after weathering with the
3} 2

idea of perfecting & lsboratory test whereby it would be possible to

digtinguish between bituminous meteriale posssssing good or undegirable

ﬁeathering gqualitles before they were incorporated in the bituminous
nixture, |

Scope: The scope of the lnvestigation included five important
phases of the subject of durabilify of bituninous materials, namely;

1. The viscogity-temperature relationship of bitu-
minous materials before and after weathering.

° 4
.2« Physical and chemicel surface ghenomena s ra~
. . lated to durability.

8. Effect of chenge in constibuents upon durability.

4, Chenges in characteristics of slow-curing ssphalts
after weathering under sevvice conditions., This
study embraces sgixtesn test projects established
over a period of years from which samples are
taken each year for laborvatory study.

5., Conditiom survey of existlpg bituminous swfeoces
using slow-curing olle asg a binder. Samples were
teken from the various surfaces for corvelation
with laboratory studies. The gtudies of changes
in chersctericgtice of asphaltic cements has not
been undertaken.
Importance: The urgent need for continued research in bituminous

Attt i b Y

materizle. iz evident beczuse of the rapld growth of bituminous surfzces

- 18 =




BITUMINOUS MATERTALS
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in Michigen, especlally of the oil-aggregate type which produce definite
maintenance problems involving stockpiling and repairs. The wndesirsble
variatién in cheracteristics of the bituminous materisls from the various
refineries, as well as the failure of current specifilcations to predict
service bhelavior of,the‘bituminous material makes it doubly‘impoftant
that better lsborstory comtrol mugt be deviged to insure durable and
lasbing surfaces.

Status: Perbs 1 and 5 of this project have been completed. Only
certain phases of pavrts 2 and 3 have been touched upon., Part 4 is con-
tinuous in thet each fall a survey is made of the test sections, samples
teken, ;ecovery of the bitumen made and subsequent studles conducted on

the recoversd bitumen.

- 17 -




PROJECT &

SOIL, STABILIZATION

. Purpoge: To congtruct soil-cement and bitumlnous stabilized road
surfaces using existing roadﬁay‘nﬂterial, new material and Portland
cement to produce a low-cost light-traffic surface. The purpose beiné
to determine the féasibiliﬁy of congtructing such roads with existing
surfacing materials, orlwith suitable local materlals, and to develop -
specifications for the use of the Mibhigan State Highway De@arfment in
congtruction ofsﬁch types of roadé.

Scopes This project inciuded the construction in 1941,'of two goil

gtabilized roadway surfaces as followss

1. Soil cement congtruction on M-82, Stockbridge
north, length 5,02 mliles, project M 35-50, Cl,

2. 8011 cement constructlon on M-72, Grayling east,
length 1.27 wiles, preject M 20-20, C2.

%, Bituminous stebilization on M-72, CGrayling east,
length 4,5 miles, project M 20-20, C2,

Importence: Many types of stabilized roads are being developed and
it is luportant to the Michigan State HighWay‘Depaftment to know which
are best guited to Michigan conditions. From an economie sgtandpoint, it
ig impoertant to know the relative cost of this type of construction as
compared to cother ty?es'of light—traffic surfaces. Alsgc, it ig desirous
to lmow 1f this type of constructlon is satisfactory for certain locali~

ties where prepared aggregates are not available.

g - 18 -
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Status: The work outlined under the scope of the project has
been completed and sgpecifications baged on this work have been pre-

pered. Preliminary reports Nos. 34, 58 and 39 have been prepared..

-~ 19 -




PROJECT 7

SNOW _AND ICE CONTROL

Purpose: The snow and ice problen on highweys has reached a state
of real importancé in highway.transportation. .Therefore, it ig be}ieved
that serious consideration should be given to introducing modern methods
into reﬁoving or preventing ice formsztion on pavements. It was propoged
to -attack this problem from a gcientific gtendpoint in an attempt to find
out better, wmodern and economieal nethods to overcoms this serious traffic

hazsard,

i

cope; This problem ig only in the outline fofm, taking into con-
sideration such phases &3 -

1. Survey of ice conditions in Michigean.

2. Physics of snow and ice.

2, Genersl consgiderations in ice removel,

4, Comprehensive gtudy of ice removal metheds.

Imgortaqgg:. Michigan; bécause'of'its trnuisual topographic location;
with respect fo the Great Lakes, is subjected to frequent snow and sleéﬁ
storms which inﬁerrupt the normal functions of the Michigan highway
system, They also cause many trafflc accldents, excessive maintenance
costs and reduction in traffic movement. Therefore; any studies which
will reveal methods which will imprpve these conditiong should be worthy
of congideration by the Depariment.

Stotug: This work has nobt progressed beyond the outline and dis—

cusglon stage beceuse men have not been aveilable to assign to the work.

- 20 -




SNOW AND ICE CONTROL

PROJECT NO. 7
Study Physics of General - Study of
ysics o . Yy O
of Conditions Congideration in Removal
in Michigan Snow and Lce Ice Removal fee Remov
| E I i |
N Formation of Present Prior to
_Danger Areas Snow and Ice Methodsg Formation
| i
) Meteorologloal Conditions to After
Total Mileage Consideration be Obtained Formation
. Tvpes of Icse Time Element Chemical
Intersections %grm&tion Consideration Consideration
I .1 E l
_ Manner of Physical
Traffic Formation Consideration
Report and
Recommendations
MICHIGAN

STATE HIGHWAY DEPARTLENT

Ge Donald Kemnedy
State Eighway'Commission§r




PROJECT 8

MISCELLANEOUS STUDTES -

Thisrproject was established to take care of miscelianeous research
studiesof & special naturelrequested by administrative officials and
divigion hesds of the Highway Department. The investigations being
carried on at the present time are -

1. A comparstive study of reflecting materials for
highwey sigus.

2. Agri-fil end its use as sn admixture in bitwni-
nous mixtures, : _ :

.5, Hembrane curing materials.

Preliminarﬁ work bhas been complsted on stuwdy 1, bubt in order to com—
pletelthﬁ‘work, weatherometer tests must be made in Ifnn Arbor, which will
reguire at leagd 50 days times. The opliczal work can be done in Fasgb
Langsing. This study can be completed ﬁith present personnel in aéproxif
mately 8 weeks,

The study on agri-fil 1s completed as far as physical end chemical
cheracteristics are cgﬂcerned. If it is belisved aesirable to continue
the study involving bituminous mixtures in the laboratory.

The study of memﬁrane'cqring matérials ig in progress and will con-

tinue for en indefinite period of time,
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MISCELLANEQUS
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PROJECT 9

THE TOUGHTON PROJECT

In Msreh 1941, at the request of Grover O, Dillman, Presldent of
he Michigan College;pf Mining and Technolcgy; State Highway Commissioner
Go Donald Kernedy, insgtructed the Research Division to proceed with the
ectablishment of a coopsrate research project between the Michlgan College
of Mining andTechnology and the State Highway Department. The Rssearch
Divieion to agsume the regponeibility for the general direction of the
works

It was understood that the branch regsarch laborslory weuld bhe eg-
tablizhed at Houghton for the purposge of using the laborstory facilities
of the College for convenlence in investigating the problems of immediate
concern to the constrﬁétion of highways in-;he Upper Peninsula.

Lfter conglderable delay in obbtaining and training s men to agsume
thé responsibility for this partilcular project, the project was started
in December 1941 iymder the following program. |

The program was prepared on the basls of suggested projects recom-
mended by the Testing Division and the current activiiies of the Research
Divisidn in the'Upper Peninsulas

The fesearch program consiste of three major projééts as follows:

1. Field sealing studies on concrete pavements.
2. QConcrete materials in#esfigation.
B éﬁabilized bage course invesgbigation.

The mojor studles listed above will be discusged in the order pre-

sented.
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1., Field Bealing Studies on Concrete Pavements

Accelerated scaling studles were made on certoin concrete pavements

to supplement similar éca1ing gtudies on the Michigan Test Hoad 28 well
ag laborabory studies being conducted at East Lansing.

The field scaling projecits include a comparatife study of calcium
chloride galt versus natwral freezing and thawing, the effect of caleium
chleoride on concrete contalning stamp ssnd and the effect of célcium

chloride on gtone sand with and without silieca dust and containing Orvus.

-

Investication of Calcium Chloride Salt versus Naotural Freezins and Thew—

ing of Weter on Concrete Pavement,

Purposet To conduct comparative scaling studies on & concrste glab

not previousgly treated with calcium chloride to determine in what degree
caleium chloride or natursl freezing and thawing are inducive to scaling
of conerete surfaceg.

Scopet Sealing panels similar to those used on the'Test Road were
ingtelled on US-41, Borags Couniy near L“AﬁSe, Thé pavement WA con-

structed in 18941 uesing Champion sand and'gravel.

Stetus: ‘This work has been completed.

Investication of Caleium Chloride on Stamp Sand Fine Agrresmte Cancrete
Pavementg

Pufgose: To determine the reslstance to secale of concrebe pavement
conteining stemp sand>as a fine aggregate.

Scopes Scaling psnel was egbeblished on pavement surface countelning

gtemp sand. The scaling panel is on US-41 sbout 8 mileg north of Hancock

toward Calumet, stetion 440400.
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Status: Work has been completed,

Tavesticetion of Celcium Chloride on Stone Send Fine Agrrégate Concrete

. With and Fithout Sillea Dugb and Containing Orvus.

Purnoge: To determine the relative registance to scaling of stone
sand concrete pavement with and withouit gilica dust as a mineral filler
and containing Crvus. |

Scope: Sealing panels were installed on stone sand project in the

City of Menisbique. Project M 75-28, C2. Panels at etetion 53400 right

{Orvus and silica dust). Station 54425 left {Orvus only).

Stetus: This work has been completed,

2. Conprete Naterials Investiration

It was propoged to meke a comprehensive study of local mine wastes
to determine their suitability for use in highwsy construction. The

study includes both stamp sand and crusghed mine rock.

Study of Stewo Sand as Fine Ageregate for Conerete
Purvoges To determine the suifability of stamp sand, ground and
reground for uge in concrete mixtures. This work will entsil field and
laboratory studies on the'aggregate seperately and in concrgte gpecimens,
Status: This study is in progress. To date, the work hsg consiszted
of_collection of samples and running roubtine laboréto?y tegts on materials

from different sources.

Study of Crushed Mine Rock as Coarse fgeresete for Uoncrehe

A

Purvose: To determine tha suitability of crushed mine rock for use

piit

as cozrse aggregate in coancrete mixtures. This work will entail field

*

and laboratory studies on the aggregate separately and in concrete specimens.
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Status:” This study is in progress in conjuncilon with the stamp

gand investigation.

" S

4, S52hilized Base Course Investigstion

. Purpose: A study to determine the suitablility of sbtamp sand for

o

bituminous or portland cement stabilized basge courses. The project will
1} . conpist Qf-two partst
1., Bituminous stabilization sgtudiss.
2. Cement gtabilization studies. :
It wes proposed to conduct lahorztory shtudies on these materials
for the purpose of developing proper mix deéign and prepare specifica-

tions for base or surface construction.

Statust This phase of the program has not been sterted.




- MISCELLANTOUS ACTIVITIES

in keeping with the functions and the policies of the research
, :
organization and the prineiples set forth in the Memorandum of Agree—

mént between the WMichigan State Highway Departmeﬁt and Michigan State

[

College, the regsearch organization has had the opportunity during the
pagt three years to participste in sgeveral activiiies of an educational
and cooperabive nature. These activities will be discussed briefly asp

follows:

Soilg School st Michisan State College

In Msreh 1941, an Engineering Confersnce in soils for enginesrs was
held st Michigan State College. This soils echool was organized in coop-
eration with the Civil Engineering Department, st Micﬁiggu State College
for the purpose Sf giving practicing engineers,jand esﬁecially engineers
of the Highway Department an opportunity to become better acquainted

‘ .
with the subject of selle as related to modern highway engineering prac-—

tices. The school consisbed of lectures, discussions and demonsbrations,

Proceedings of the conference have been published.

Conference with Officlals and Representatives of the Portland Cement

Assgociation and Cement Manufacturers and members of the Michigan State

Hirhway Department.

This conference was held for the express purpose of explaining io
the group, the scope and prinecipleg reletive to concrete pavement con-
struction contained inm the Michigan Test Road, eg well as to discuss and

exemplify the work of the Highway Department in thei® attempt to aolve
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the scaling problem. The conference was held on the Campus in the Engin-
éering Building. Members of the Engireering staff of {he college were
invited to attend.

Central Snow Confersence :

The Central Snow Conference ig an international orgaenization com-
poged of a group of men interested 1n snow and snow éroblems, At the
first meeting of the central Snow Cénference which was held at Wichigan
in December 1941, the research laboratory of the Highwasy Department was
asked to cooperate in preparing a progress report relative to standards,
technigues and methods of application of knowledge of the character of
snow in relation to highwsy transportztion.

The proceedings of this conference were published in 1942.

Farmerts Week Activities

The resesrch laboratory hes participated in two Michigan State
Cecllege Farmer'!s Week programg by preparing extensive exhibits to acquaint
the visitors with the research activities of the Highway Depariment and
how they are eventually benefited by the fruit of such efforts.

Student Interests

The research program is of such a nature that it has been possible
te handle part-time employment for students elther through the‘N,i.A.
or through Civil Service of tﬁe Stéte.

fhe facilities of the resesrch laboratory have slways been avpilable
to students interested in research problems. Several students im the

Engineering Division have tsken advantage of theme facilities.
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College Personnel

The Englneering Divisgion, as well as other departments on the Michi-
ran State College Campus such as Chemistry, Paysies, Soils, Geoleogy and
Forestry have been familiarized with the work of the research corganization

~

and gave even cocperated in problems of mutual interest.

oo
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REPORTS AND ARTICLES

The reports prepared by the research labo;atory have been summar-
ized in the following pages. The summary réprESenté the final reporis
which have been completed by the resesrch laboratory and submiitted fo
indiviéuals.or organizations both inside or outside of the Highway De-
paftment during the last threé YEBars.

.Coples of these reports are‘on file in the research laboratory.

No. . Date 1itle

1 7-40 ‘Researchiﬁctivitiés of the Michigan State
Highway Depgrtment.

2 10-40 Field Study of Joint Sealers.

3 1i-40 Michigan Test Road.

A 2=40 Invsstigational Concrete Pavement in Michigan.

5 12-40 Load Transfer at Concrete Pavement Joints.

6 12-40 Changes in Characteristics of Slow Curing

Asphsltic Oils.

7 1-41 Activities of Research Division.

g 1-41 Summery, Michigan Test Road.

9 . 1-41 Value of Conerete Spreader in Concrete Pave-
ment Construction.

10 1-41 Pavement Joints and Their Functions.

11 2=41 Concrete Durability Studies.

12 Coe-41 Genstruction of Mlchigan Test Road.

13 C3-41 Naturel Gonditions Affecting Performence of
Soils.

14 541 Fundamental Principles and fsectors Bmbodied in

) Michigan Test Road.

15 541 Report on Mamufactured Stone Sand and

Ity Use in Concrete Mixtures.

- 29 -

]



vl

AL
dar 5 \g‘}j

- Report on Cleims Presented by W.L. Thon

Compeny, Projects F 18-20, C4 and
F ' 67_37, Cé

Proposad Spec1f1catlona for Slow Curing

‘quuzd Asphalt.

Construction and Subsequent Studies of
Concrete Durabiiity Progect, Mlchlgan

Test Road. '
The Library-Laboratory Research.

Movie Seript of Michigan Test Hoad.
Pamphlet on Michigan Test Hoad.

Resesrch Activities of Michigan Stete

Highway Department.

General Ubservations on Concrete Scaling.
Comments on Concrete Scaling Studies.

Effect of Varicus Axle Loadings on High-
way Pavements.

Selected Bibliography on Airport Construc-
tion for National Defense.

The Design snd Gonstructlon of Flight

Summery of Research Projects.

Legrifill ag a miperal fillier for Bituminous
flxtures.

Congstruction of Experimental Soil-Cement
Staebilizetion Hoad Surface, Stockbridge.

Curing of Conerete by Calcium Chloride
Integral Mixed.

No. Date Title
16 541
17 7-41
18 T-41
19 - 8-41
.20 8-41
21 9-41
2 11-41
23 12-41
24 12—41
25 242
26 2-42
26-A 34
Strips.
27 4=42
28 442
29 b-42
30 442
33 5-42

Grayling Cement and Bitumincus Soil
Stebilization Projects.
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No;

Title

Date
32 6-42
33 7-42
34 T-42

Limestone Dust in Mortar.
Reseafch Laboratory Beport for Biennium 1940-AZ2.

Progress Report on Houghton Project, December

1941 - July 1942.

3
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