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I 

This su1nmary of infm·mation concerning the Research Laboratory 

of the Mi.chigan State Highway Department has been prepared primarily 

to acquaint the personnel of the Department with the operation of the 

organization, and the nature a.nd scope of the work being performed' by 

it. 

In nddi.tlon, the summary may serve as a progress report to the 

State Highway Adininistre.tion and also e.s a reference for people out-

side of the highwo.y org:mization who have an interest ·in hiehway 

research6 

The information contained in this report includes the hh;tory of 

the organization and its location, facilities, personnel, functions, 

· obj e ~ti ves, a.c.ti vi ties and accomplishments since its establishment in 

1939· 
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HIGffi'IAY RESEARCH 

Resea.rch plays an important part in the art and technique of b,igh-

way building. Highway technology i and the benefits in highway service 

which the public derives therefrom, advances through research. In a tech-

i:)ical organization such as a highway department, research has a consider-

able bearing not only on construction but even on the general policy of 

the department. 

The specific objective of hig):lway rese.nch is to raise the stand-

ards of the hig.l:tway system 1 s service by improving its physica..l facilities 

and increasing the efficiency of its operating methods. This it may 

accomplish by bringing into use new or improved things which will prolong 

the economic life of highway .13tructlures, pr'ovide greater comfort, safety 

and usefulness to highway users at rf'duced operating costs, and also to 

reduce operation, construction and maintenance expenditures in order that 

additional funds can continually' be made available for producing better 

highway service to the public. 

Highway administration carries much greater responsibility today 

than at any previous period and, therefore, it must be provided with faci-

li tiec1 to keep pace with technological advances. The highway administrator 

i.s dependent largely upon the work of his technical staff to secure infor-

mation on the various problems which confront him. 

I 
I 
I 
i 
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HISTORY 

From ·the creation of the Highway Department in 1905· until 1919, 

research coneisted of special studies conducted by Department Officers; 

The studies for the most part included experimental road sections con-

strvcted primarily for the purpose of a.cquiring information to be used 

in the preparation of specifications and for improving construction .. 
methods. 

In 1919 a Testing Laboratory was established at Ann Arhor for the 

purpose of testing materials used .in construction and to perform investi-

_gat1ons related to materials and methods of testing. The re8earch work 

of the laboratory supplemented the special research projectc: releted to 

construction and tnaintenance practice which were continually increasing 

in number E~d scope. 

The voJ.ume of rec:earch work had increasecJ to such a point by_ 1924 

that a new Division of Investigation and R.esearch was 'created by the P-el-'-

ministration for the purpose of carrying on studi.es perta.iniTig to roads· 

already built and for investigating conditions under which new roads were 

to be constructed. 

In 1927 the Division of Inveetigation and R.esearch was changed to 

the Division of Research and Statistics responsible for the collection ancl 

preparation of all date. having a bearing on ·hir,hway problems aJC<'l to inves-

tigate those problems of particu1e.r importance to Michigan. The Laboratory 

at Ann Arbor continued to operate independently on matters of testing ancl 

research. 

Between 1927 and 1933 the Statistical section of the Division of 

Research B.nd Statistics was divorced from Research and the Division of 
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Research continued as a separate unit investigating problems related pri-

marily to construction, maintenance and allied operations in conjunction 

w:l th the Laboratory at fum Arbor. 

In 1933 the activities of the Research Division and those of the 

Testing Laboratory were combined under one head to form a new Department 

un:Lt designated the Research and Testing Division under the direction of 

the Research and Testing Engineer with offices in Lansing. The laboratory 

research work at Ann Arbor and field studies of a research nature were 

'correlated· under the supervision of e. Research Consultant. 

A separate ReSearch Organization known as the P.esearch Division wa::: 

created in 1939 by the Highway Administration and was established at Michi-

gen State College by mut1.1al agreement between the State Board of Agriculture, 

the State Administrative Board and the Sta.te Highway Commissioner. This 

new DivisiOn V~.ras organized to carry on the ree.earch work formerly done -by 

the va.rious Divisions within the Department and was charged with the re-

sponsibili ty of creating and executing a program of highway ree.earch best 

suited to the needs of the Department. 

In April, 1942, the Hesearch Division and the Testing Division were 

combined, thereby forming the present Testing and Research Division. 

The merger of the two dividons under the Testing and Research Engineer 

in Lansing effected only an administrative change. The Eesearch Divi.sion 

then became the present Fe search La born tory, and its research acti vitief; 

continued without interrv.ption under the immediate supervidon of the Ass"Ls-

tant Testing and l'esearch Engineer in charge of Eesearch. 

I 
I 
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LOCATION 

The Hesea.rch Laboratory is located in Olds Hall of Engineering on the 

C<cmpus of Michigan State College in East Lansing.. The College a.uthori ties 

accorded to the Highw,w Department its facilities and certain space in the 

bu.ilding and of the Civil Engineering Laboratories for carrying on its 

research activities. 

The location of the Fesearch Laboratory on the Campus of Michigan State 

College has many advantages. The College environment is ideal for the promo

tion and pursuance of scientific investj gat ions. Through mutual confidence 

and coordination of effort ther·e will result a correlation of new data and new 

.. 

knov1ledge to give added impetus ·to the e.Ovancement of highway engineering. 

The proximity of the laboratory to Lansing not only facilitates the per

formance of routine administrative functions, but a.lso makeE> it readily access

ible at all times to the Staff and other personnel of the Department. 

-6-
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FACILITIES 

The general administrative office of the Research Laboratory is located 

in Room 3, Olds Hail of Engineering. At the present time laboratory activities 

are carried on in two large basement rooms. The la..boratory is fully equipped 

to conduct research work on problems related to cement, concrete, soils, aggre-

gates, bituminous materials and .those of a general chemical nature. In adcU-

tion, the laboratory has a well-('quipped work shop, a photographic clark room, 

a moist room and drafting room. A small library of specialized books is being 

created on subjects related to highway problems. 

The laboratory has many pieces of special equipment which it has made or 

purchased for work of a specific nature. This includes a hydYaulic ~ompression 

machine, fast freez,ing refrigerator unit, sonic apparatus, petrographic 

microscope and associated equipment, electric soil compaction machine, soil 

vibrometer, Koppers absolute viscometer, bituminous recovery c.pparatu~, phote-

lometer, electric strain indicator, specis.l electrical bridges, and equipment 

for measuring electrical phenomena. 

Other facilities are offered by the College, including the main library 

and the several specialized departmental libraries. The College maintenance 

shops, ai'' well as those. of the Mechanical Engineering Department, are available 

for repair work and developing new scientific equipment. The staff of the 

Schools of Science at the College is available for consultation on matters of 

mutual interest and their laboratories o.nd equipment may be used with spec:\ 2.l 

permission. The College campus and adjacent farm lands also are available for 

special field studies. 

The R.esearch organization also maintains a small field le.boratory at the 

Michigan Test Road on M-115 for facilitating field studies and seasonal obser-

vations in conJunction with this nationally known experimental pavement project. 

-7-



PERSONNEL 

Direct administrative responsibility of the Research Laboratory is 

vested in the Assistant Testing and Research Engineer in charge of Research, 

who acts under the authority of the Testing and Research Engineer, adminis

trative head of the Testing and Research Division • 

. The personnel of the present full-time research staff includes Civil 

Engineers, Chemical Engineers, and Chemists possessing considerable practical 

research experience and scholastic achievement. 'fheir duties are to carry on 

independent research, to guide and supervise the laboratory assistants and, 

in general, organize and direct the work of the Research Laboratory. 

Laboratory assistants consist of fuil-time Department ''employees and 

part-time Michigan State College undergraduate and graduate students who need 

financial assistance and are interested in obtaining practical laboratory 

research experience. At present there are six full-time laboratory assistants, 

and normally the number of part-time student assistants varies from ten to 

twenty. The student assistants are usually chos_en for their special attribute's 

in relation to scientific training, research ability and laboratory experience. 

-8-
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. FUNCTIONS 

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

of vital importan?e to.~ the .development of all phases' of highway work. These 

functions may be broadly outlined as follows: 

1. To visualize tlie problems of highway technology, to 
determine wl;dch of the.many phases involve further 
research, to formulate and execute a definite program 
of research. 

2. To perform 'experimental and developmental researches 
directed toward the solution of technical problems 
arising in the various divisions of the Department, 
or to the development of new procedures and methods, 
apd the improvement of existine.on~s. 

5. To participate in theoretical researches directed 
toward the solution of certain major problems of interest 
in the general field of highway engineering. 

4. To engage in cooperative research programs with educa
tional institutions, agencies of the federal government 
and certain manufacturers on problems of mutual interest.· 

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

6. To accumulate, analyze and distribute to the Department 
technical and research information from outside source.s 
pertaining to highway problems •. 

. 
7. To prepare technical reports for members of the Depart

raent outside of the Research Organization. 

8. Through membership take pll.rt in committee work of the 
various .technical organizations and thereby represent 
the Department in their activities. 

9. 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. 



.OBJECTIVES 

Organization of research within the Department is directed toward the 

accomplishment of the following objectives: 

1. Achievement of a sound research organization in terms of administra-

tion, staff and facilities· for the conduct of a research program commensurate 

with the growth and responsibilities of the DepartJcent. 

2. Encouragement of those now actively engagBd in research and prov-1-

sian of opportunities in research work for interesteci and capable eroployees 

of the Department not now doing research. 

3. Promotion of cooperation in research within the Department, and 

between the Department and educational institutions, agencies of the federal 

government and industry, in order to secure concentration" of effort, minimize 

duplication and stimulate progress~ 

4· Fornmla.tion of· comprehensive projects of research and the develop-

ment of effective means of utilizing the scientific and technical resources 

of both the State and the Nation for dealing with these projects. 

5· Effective cooperation with tfie Highway Research Board's newly 

created Correlation Service which has recently been established. With this 

new f1mctional responsibility the Highway Research Board plans greater empha-

sis on highway research in the future with the thol.jght of- utilizing all available 

research agencies and facilities to devel6p.an integrated national p:rogram of high-
. ' 

way research. 

-10-
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CURRENT RESEARCH PROGRAM 

Yihen the Research Laboratory was organized in 1959, a research prog'ram 

consisting of eight Iiiaj or projects was estljl.blishedo During the past nine years 

it has been necessary to e4Pand the scope of the original research program 

greatly in order to keep pace with the rapid advancement in highway technology, 

and also to handle the many problems submitted to the laboratory by the adminis-
., I 

tration and various divisions of the Department. 

The investigations which comprise the current research program are listed 

below: 

A. Aggregates 

47 .A-7 
47 A-il 
47 A-9 

Evaluation of Aggregate Sources 
Material Surveys 
Effect of Heat on Ph~ysical Characteristics of Aggregates 

Bo Cement and Concrete 

59 B-li. 
· 42 B-15. 
42 B-14(2) 

. 42 B-16 
45 B-18 
46 B-19 
47 J:l-21 

Concrete Durability Investigation 
Air Entraining Concrete in Bridge, Plainwell FB2 of 5-il-'l, Cl 
Curing of Concrete Pavements 
Effect of Low Temperatures on Concrete Containing Admixtures 
Preserving and Reconditioning of Concrete Structures 
Concrete Failure, Fl5-ll, C2, US-151 
Control of Autogenous Volume Changes in Concrete 

C. Bituminous Materials 

56 C-1 
47 C-5 

Changes in Characteristics of Slow Curing Oils 
Use of Inhibitors to Control Weathering of Bituminous Materials 

D. Bituminous Mixtures 

46 D-15 
46 D-14 

E. Soil 

56 E-5 
45 E-9 
44 E-10 
45 E-ll 
47 E-12 

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

Soil Stabilization 
Turf Growth on Highway Shoulders 
Soil Action Under Bridge Piers 
Design and Construction of Pavement Foundations 
Chemical Stabilization of ·Granular Materials 

-11-



Current Research Program - Continued 

F. Structural 

59 F-1 
59 F-7 
59 F-7(5) 
43 F-6 
47 F-15 
47 F-14 
47 F-15 
47 F-16 
47 F-17 
49 F-19 

Evaluation of Load Transfer Devices 
Concrete Pav<;>ment Design 
Grand Rapids Experimental Project, F41-34, C6 
Structural Failure, F40-ll, C2 and F5-15, C2 
Slab Action Under Dynamic Loads · 
Distribution of Stresses in Bridge Structures 
Pavement· Roughness Investigation 
Longitudinal Cracking on Project 17-43, C2. 
Effectiveness of Spiral Shear Developers 
Multi Plate Investigation 

G,. Miscellaneous 

56 G-5( 7) 
56 G-4 
59 G-14(2) 
46 G-55 
47 G-56 
47 G-58 
47G-40 

48 G-43 

Snow and Ice Removal by Radiant Heat 
Joint Seal Investigation 
Reflector Button Investigation 
Guard Rail Expansion Take-up and Anchorage Design 
Use of Glass Beads for Reflectorized Center Stripe 
Skidding Properties of Pavement Surfaces 
Comparative Cost Study between Reflector Buttons and 
P,eflectorized Material 
An Investigation of Rust Inhibitives for Chlorige Salts 

.Used in Ice and Dust Control 

-12-
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RESEARCH ACTIVITIES 

Tlie ·activities of th·e Research Laboratory are devoted_ primarily to problems 

pertaining to the improvement of h,ighway ma.terials, construction, maintenance and 

operation. There is presented in the following text a brief synopsis of each of 

the major problems listed under the organization 1 s reseil.t'ch program. Figures in 

parenthesis identify reports which have been comp+eted on each Resea.rch project. 

A. AGGREGATES 

Michir,an has a good supply of satisfactory road btlilding aggregates. 'Due 

to glaciation, gravel deposits are widely deposited throughout the State. Suit

able limestone aggregates are produced economically in certain locations. There 

are instances, however, when performa11ce surveyE? indicate that certa.~n sources do 

not supply, satisfactory materials for roa.d constructi.on purposes. The F.esearch 

Labora.tory has the facilities to investigate these conditions and other a'ggregate 

problems submitted to it. Two outstanding aggregate investigations on the program 

are listed below. 

47 A-7, Evaluation of Aggregate Sources 

The purpose 'of this investigation is to evaluate the'aggregates from current 

sources in Michigan on the basis of durability, physical properties and service 

:i'ecord; and to correlate these properties with geological factors in order that 

the existence and probable qualities of potential sources may be predicted and to 
I . 

insure that only the better materials will be used in highway construction . 

47 !1:-8, 'Material Surveys 

It is proposed to investigate·the several well-known methods of geophysical 

exploration for the purpose of obtaining engineering information on soils and 

granuleT materials and to develop techniques and methods for doing this work. 

Information from such a study will have many e.pplications in relation to design 

-13-



policies ancl for providing information on ·material Bol,-rCe-s for foundation a~d 

pavement construction. 

47 A 9, Effect of Heat on Physical Properties of Aggregates 

A study i.s in progress to determine the effect of high temperatures or 

heat ·shock on the subsequent d1.1rabili ty of limestone_ and natural aggregates 

used in bituminous resurfacing mixtures. ·R.eport ,(124). 

B. CEMENT AND CONCRETE 

Investj_gations related to cement ano concrete are classified under this 

section of research activities. They consist of problems involving factors. 

affecting concrete performance and may incJ.ude concrete design, -the chemical 

and phydcal properties -~f concrete mixtures and their components, construction 

· practicer. v.nd detailed -performa_nce surveys associated with pavemen.t fe.ilures. 

Current research projects included under this category are: 

39 B ll, Concrete Durability Investigation 

This investigation has been established on a long range basis an<l is de

voted to the improvement of concrete durability, especially in relation to 

scaling and disintegration. The most significant result of this resea.rch to 

date has been the application of the principle of air entrainment to construc

tion pra.ctices in Michigan for the purpose of producing more durable concrete 

pavements. The investigation includes several associated research projects. 

R.eport ( 11). 

Michigan Test ]load, Durability Project F 18-20, C3, 39 B-11 ( & This sec

tion of the nationally known experimental pavement was constructed in 1940 to ev'e.lu

ate the effect of variation of factors relative to construction and materials upon 

the durabil i. ty of concrete pavements. This project has been completely descri. bed 

-14-

------."]:--,-- JW 



[ 
l 
J 
r 

r 

\ 

in Departmental Bulletin titled "Michigan Test Road." Reports (5) (8) (12) (14) 
,!"' 

(18) (20) (21) (25) (51) (59) (41) (48). (64) (79). 

Manistique Stone Sand Proj~gt, M 75-28, C2~~ B-11 (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 admixtures in stone sand concrete mix-

tures. In the construction of a concrete pavement using limestone aggregates in 

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

to the concrete mixture. The purpose of this work was to determine whether the 

admixtures would improve the objectionable characteristics of stone sand in 

concrete, such as excessive bleeding, difficult finishins and subsequent scaling 

due to chloride salts. It was found that air-entraining agents corrected most 

of the undesirable properties of stone sand concrete. Report (56). 

Air-Entraining Concrete Study, 59 B-11 (7): Since air-·ent:raining concrete 

is a comparatively new product in the highway industry, there is always the need 

to improve the product and to determine its physical characteristics under diff-

erent construction conditions. A continuous study of these factors is being 

carried on by the Laboratory. Reports (48) (54) (63) (75) (79) (112). 

'Muskegon_l~![Qerimental Project, 59 B-11 (8): This experimental pavement was 

constructed in 1958 on M-126. in Muskegon Heights - Construction Project M 61-27, 

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

for the purpose of determining methods to.eliminate scale and to evaluate practices 

concerning the spacing and construction of transverse joints" Although this pro-

j ect was constructed before .the establishment of the Research Laboratory, it has 

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

examination.· Report (78). 

-15~ 
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Use of Admixture H.P. 7, 39 B-11 (10): A concrete a;cJmixture known as H.P. 7, 

anc1 produ~ed by ·the Master ·BulJ.den' of Cleveland, has been added· to two pa.vement 

projects in Michigan for the purpose of studying its effectiveness in producing 

scale resistant concrete. The projects are M 71-24, Cl at RogersCi ty ann M82-llo, Cl 

on Belleville Road, US-112 South, both of ·which are imder surveillance by the 

Research Laboratory. 

42 B 13, Bridge Project FB-2 of 3-8-1 Cl at Plainwell 

An air-entraining admixture (orvus) ·was ad.ded to the concrete which was used 

for constructing the sidewalks on thisbridge project for the purpose of scvle 

prevention. This project is also under observation by the Research Laboratory. (151) 

1+2 B-lL, (2), Curing of Concrete Pavements 

Thh1 is a cooperative project between the Highway Pesearch Laboratory and 

tl;le Engineering Experiment Station at Michigan ::'tate College, ·The project has 

a twofold purpose: (l) to establish the basic principles involved i.n curin8- of 

Portland cement concrete, and (2) to compare membrm1e curing with other methocs 

on the basis of efficiency, practi.cabili ty a.nd cost.· Report (118) 

The work entails a comprehend ve laboratory st11cly where varir.bles occurring 

in actual construction practice mcy be controlled. These studies will-be 

supplemented by observation of experimental pavement sectiom1 in the field. 

42 · Bc,l6, Effect of Low· Tempen;tures on Concrete Containing Admixtures 

This project was set uy 'to study the effect of -cold l\'ea;l;her practices en -.... . 

the durability an~ characteristics of concrete containing air-entraining agents 

with a.nd without the acldi tion of calcium chloride. Certe.in field. studies re-

lated to thie. subject were finished during the construction of the Detroit 

Industrial Expressway - Resev.rch Project 39 B-11 (10). There reme.ins to be 

done a certain amo{mt of laboratory work under controlled concH tions before 

-18-. 
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this project can be successfully completed. 

45 B-18. Preserving and Hecondi tioni ng of Concrete i'tructures 

. 
This project covers two .important problems of vital interest to the Dep-

artment: (l) the application of surface treatments to concrete bridge structures 

for protective or aesthetic purposes, and (2) the ·restoration of any concrete 

wh:i.cp shows evidence of c1i:;:.integration due to weathering or other crnwes, es·9ec.i..-

ally i.n relation to br:Ldg'C structures. 

·It is proposed to investigate i.n cooperation with the Bridge Division the 

various methods and propri.etary materials now on the market as to their relative 

merit for reconditioning purposes, and to determine the economic justification and 

practicability of such treatmentfl with the view of making recommendations and 

providing specifications for such bridge maintenance practices in the future. 

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

This concrete pavement project has developer! abnormal deterioration ns r,lan·i_-

fested by excessive deep scaling of the surface. It has been necessary to resurface 

certa.in portions of the pavement. Before this was done, an investigation was made 

to determine the contri.but:i.ng causes of such a Dhenomenon. 

The investigation will be directed along two lines: (l) a study of materials 

used i.n this project, and (2) a review of_ cons_tructi.oD: conrliti.ons and practices with 

regard to their possible effect on the durability of the finished p<;>.vement. 

This pi'oj ect has been establi.shed with the primary objective of eliminating 

cracking in loFtg concrete pe.vement .slabs, as related to the Department 1s current 

design practice, by an attempt to control the inherent. shrinkage of Portland Cement 

concrete' dyring the: early ha.rdening period. The first attempts directerJ toward the 

-17-



solution of this problem wu1· be in the trial of special admixtures and the 

use of exp8.nding cements. The idea is not new, since the principle has been 

under c;tucJy for some· time by European research agencies. 

Every Y.e.ar large quanti ties of bi tum incus materi.aln are used in Michigan. 

for different types of road surfaces. Severa 1 different kinds of bi. tuml.nous 

matArials are required for this work. The R.esearch Laborator-.f has ini tiatecl 

stuclies in thiG field for the purpose of continually ilhproving specifications 

covering.the requi-rements of current products, and to seek methods of improving 

the weathering characteristics of current materials as a means of attaining more 

durable bituminous surfaces. 

l2__C.-:..l, Changes in Characteristics __ <:>_f Slo"C_Q\l>::i.IJR~Q:i)s 

The purpose of this investigation is to determine the characteristics of 

slow curing asphaltic oils before and after weathering, with the i.dert of perfect

ing a laboratory test whereby it would be possible to distlnguish between bi tu-

minous materials possessing good or undesirable weathering qualities before they 

are incorporated in the bituminous mixture. 

Research ancl Testing Di.visi.ono 

Thic4 project was started under former 

.~ 

The investigation has included a comprehensive laboratory study of the phy

sical properties of slow curing as"phal tic oils before -R.nd after accelerated 

weathering tests. In conjunction with the laborator;;r investigations, a field 

study embracing sixteen oil aggregate test projects has been established from 

which samples are taken each year for laboratory analyses. R.eports ( 6) (17) 

(69) (89R). 

47 c.:.5, Use of Inhibitors to Control We~iA_g of Bituminous Material§. 

This study has been established on the basis of results from investigation 
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36 C-1. Its purpose is to determine an economic means of retarding the normal 

aging of bituminous proc',ucts by means of chemical inhibitors. This practice is 

successfully used toclay on lubricating otls 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 bituminous 

pavements and bi tumi,nous mixtures is essential in order··,that ·iontinued improve-

ment in quality and rlurability be attained to meet prevail'ing traffic and cHma-

tic conditi.ons. Research work devoted to that end is incorporated in the pro-

gram of the Research Laboratory. 

46 D-l3, Experimental Bituminous Surface. Treatments· 

During the past years several experiment!ll bituminous resurfacing projects 

have been constructed in which certain factors are varied; for ezample, the· 

aggregate,ol, the bi tumino~1S 'materials or construction procedure. All investi-

gational work of this ·kind has been assembled under one· investigational hencling 

with the ob,j ect:L ve of periodically collecting and disseminating worthwhile infor-

mation to the Department. Also a complete record of the work will bepreserved 

for future reference. Three projects of an experimental nature are included 

in this investigation at the present time; Report (88). 

46 D-14, Bij;_u_minous-Rubber Mixtures for Pavement Surfaces 

This investigation is in the embryo stage and will be eventually developed 

to cover a comprehensive study of the· use of rubber admixtures in bi tunrinous 

rc:ad mixtur~s for improving the serviceabili. ty of certain types of highway BlJrfaces. 

E. SOILS 

The laboratory endeavors to study in detail the many problems concerning 

highway construction in which soil as a material is involved. Such stnclies 
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include soil stabilization for low-cost roac1s; construction of highvm.y imb-

gr::1des, subbases, backfills, embanlcnent:;, and sh01J.l0ers; anf load bearing vall_1.es 

and (1isplacement of soils. 

_36 E-5, Soil Stabil i ze.ti on 

Several soil stabilized road projects have been constructed in 1ilichigan. 

It is im:;oortant that the Department should know 'l'lhether this type of construe-

tlon is suitable to Michigan conditions, emd the relative cost of this type of 

construction compared tO other types of light-traffic surfaces. It is.im-

poTtant a1:;:;o to know whether this type of construction is satisfactory for 

certain locqli ties where pr•epared o,ggregates for other types of stabilized 

surfac~s are not available. 1ili th these ·fact!l in mind two experimental projects 

were constructed in 191,1 employing both cement and bituminous materials as 

binding agents for the express purpose of det8rmining the feasibility of con-_ 

structing such roads using natural soil in place, anc1 to develop specifica-

tions for use in conjunction with future construction of this n~.ture. Two soil 

stab.i.1ization experimental projects a.re nm'v" under oeriodic ob-servation. 

Report,s (30) (32) (82). 

1. Bi tum1nour• verGus Cement Ftabili:::-,ation, ProJect M 20-20, C.2, on 
M-72 GraylinE, East 

2. Soil-Cement Stabil:lza.tion, Project M 33-50, Cl, on lvl-92, StockbTi~r;e 
north 

42 E-9, Tur{_C,_r_ccwth Cl)_l__ Highway >?_]1_g_u_lders 

A cooperEttive investigation has been ef>tah1ishecl between the Rer:.;;:-:arch 

l.aborntory and the Soil repartment of the College to study, under controlled 

condit:Lons, the growth of turf on compacted soil material similar to that 

used in highVIay shmilder construction. The stu ely has for its purpose the de-
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velopment ~f shoulder conditions which will assure adequate stability for the 

support of traffic· e.nd, at the same time, provide proper soil characteristics 

to encourage durable turf growth .under abnormal conditions from which speci-

ficatioris may be prepared for this type of construction. 

The work naturally divides into two major studies: (1) a study of grass 

culture on compacted soils under controlled conditions, and (2) a field evB.lue-

tion of grass growth on existent highway shoulders, including a correle.tion of 

ave.ilable information from various experimental shoulder studies started pre-

viously by different agencies within the Department. Report (106). 

44 ~10, Soil Action Under Bridge Piers on D.I.E. 

A cooperative project with the Soils Laboratory at Ann Arbor was estab-

lished at the request of the Bridge Division to determine the magnitude of up-

ward soil prNJSures under bridge structures on the Detroit Industrial Express-

way created by lateral flow tendencies of t):le soil. Heavy concrete members 

were cast between bridge piers to resist the soil movement and support the 

pavement .slab. The soil pressure against the bottom of the concrete Sllbbase 

slab wa.£ determined in two ways; (l) Goldbeck pressure cells at the interface 

of soil ancl concr.ete, and (2) by SR-4 electrical strain gages attached to the 

reinforcing members lim the concrete slab. The two methods· serve as/ a check 

on each other. Report ( 67. ) 

45 E-ll, Design and Construction of Pavement Foundations 

Realizing the need of a comprehensive evaluation of methods of design 

and construction of pavement foundations, a cooperative investigation was 

established between the Research Laboratory and the Engineering Experiment 

Station at Michigan State College to study foundation behavior m1d to develop 

specifications for foundation design and construction which will provide ade-

quate support for the pavement surface under Michigan climati·c concli tions and 
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future traffic loadings. This work also includes the consolidation of granu

hr backfills at bridge structures. Heports (93) (107) (109). 

47 E l :2, Chemical fi.if!obi~ization of Granulctr Materials 

This investigation has been este.blished to study methods of both surface 

and subsurface ste.bilization of granular soils by the use of chemicals. There 

are several such materials now recommended for use. 

J!'., .. STRUCTUEAL 

A large number of research projects have been developed by the laboratory 

concerned with the design, construction, maintenance and durability of highway 

structures. Projects in this category include the collection and interpretation 

of performance survey data; theoretical considerat:Lons in relation to pav8ment 

design; developing information on pavement design, including such items as load 

transfer, pavement thickness, joint spacing, traffic loads and subgrade bearing 

values; investigation of specific-pavement failures; and conducting experimental 

wor!c. as;10cia ted with test roads. 

39 F-1 F.valuation of Load Transfer Device:c. 

This investiGation pertains to the study of the strength chamctedstics 

·and stress distribution in transverse joints constructed with different types 

of load transfer devices. Its main pc1rpose is to este.bl i.sh criteria for the 

evaluation of load transfer devices and to detPrmine their proper spacing in 

order to prepare the necessary specifications. The project includes the de

velopment of a suitable test procedure for determining the sh<Oar-deflection 

relationship in adjacent slabs for different load transfer clevides. 

Information obtained to date from this investigation has been incorpora

t8d in the Department 1 s ne~1 design for joints in concrete pa.v.~ments. Reports 

(5) (10) (68R) (104). 
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Shortly after this pavement was constructed it began to show signs of 

undergoing abnormal stress, manifested lYJ crushing at the joints and the 

appearance of longitudinal cracks. Consequently, an investigation was set up 

to study the phenomenon taking place, and ·to determine the essential factors 

contributing to the failure so that similar conditions may be avoided in 

future construction. 

39 F-7, Concrete Pavement Des_ig_Yl_ 

This is one of the Research Laboratory 1 s outstanding long range inves-

tigations dedicated to the improvement of concrete pavement design and 

construction. The investigation comprises numerous separate studies whose 

objectives are directed toward a common goal. The most important study in this 

respect is the Design Project of the Michigan Test Road which was constructed 

in 194b. 

Theoretical Consi.derations, 39 F~7 (l) : In conjunction with laboratory 

and field ez,perimentation, it ic necessary to supplement and correlate the 

findings by mea11f;. of theoretical analysis. In this way it wil1 be possible 

to develop· sound engineering design and construc.tion information for· future 

highway work. Reports (62) (66) (68R). 

J 
Michigan Test Road,_ Design Pro.ject, 39 F-7 (2): This section of the test 

road, projects F 18-20, C4 and F 67-37; C6, was constructed in 1940 on M-115 in 

Clare and Osceola Counties in cooperation with the Public Roads Administration. 

The paVement is under constant observation, and.various measurements and 

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

is to establish certain fundamental structural features in concrete pavement 
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desi.gn, among which are; (1) ~e design and Spacing of expansion and contrac~ 

tion joints, (2} pavement cross section, (3) use of ste.el reinforcewent, (4) 

subgrade bearing capacity, and (5) pavement thickness. A five year history 

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

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

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

analysis to concrete pavement design, the modulus of subgrade reaction 11!\ 11, or 

subgrade bearing value, must be knmm with reasonable accuracy. The primary 

purpose of this study i.s twofold: (1) to determine subgracJe modulus for varying 

conditions of soil end subbase thickness, and (2) to develop a test method for 

determining the subgracle modulus aclaptable to field and laboratory use. Data 

developed to date has been employed in design recommendations for post war con-

struction. Report ( 68R) . 

Grand Rapids Experimental Proj_ect, .39 F"-7 (5): When concrete pavement project 

F 41-34, C6, located on M-llL, east belt Grand Rapids, was constructeo in 191,1, 

certain experimental construction features were tried out on the job. They were 

(1) the use of low consistency concrete with mechanlcal anrl vibratory methods 

of placement and consolidation, (2) vibration with air-entraining cigents, (3) 

single lane construction, (Lp) short contraction joi_nt spacj_ng with n_o load 

transfer features, (5) grooved ancJ sealed contractions joints, (6) asphalt-latex 

jo.int seal material, and (7) no steel mesh reinforcement. 

This project is under observation to determine the influence of these 

factors on the ultimate performance of the pavement. 

Evaluation of E:dstent Concrete Pavements 1 39 F-7 (.§2_: Reconnaissance work 

covering performance of existent concrete pavements is corisiOered in this inve.sti..-

gatlon in order to develop information on pavement design and the rrlany factors -
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affecting pavement performance. Studies under this investigation include such 

sub.jects as reinforcement, blowups, joint spacing, subbase, materials and con-

struction features. .Report (73). 

Physical Characteristics of.Concrete at Early Ages, 39 F-7 (S): This 

project was established to develop information on the physical chara.cteristics 

of concrete, especially at ages under 24 hours. This information is very im-

portant in relation to pavement design and practically no information of its .. 

kind is available, especially in connection with air-entrained concrete. 

Concrete Base Course Design, 39 F-7 (9): This work constitutes a. study 

of current design standards for concrete base course construction as a supple-, 

ment to design recommendatio~s for post war pavement construction with the 

objective of reducing transverse Cl;'.acking in the bituminous surface course 

to a minimum. 

Wheel Load Freguen_cies, 39 F-7 (11): In connection with the Dep2.rt-

·ment 1 s investigation on concrete pavement design, a study is in progress 

to determine the axle load frequency on various routes of the .trunk line 

system. This information will be used to revise pavement thickness requirements 

in respect to modern and imticipated future traffic concli tions. Axle load 

values and a:~sociated traffic information will be obtained by loaclometer and 

traffic classifications surveys. The Maintenance and Planning and Traffic 

Division are participating in the work. 

Grand Ledge Experimenta,l Pro,iect, 39 ?~7 (12): In connection with the 

construction on Project F 23-8 on M-43 between Grand Ledge and Mulliken, in 

19;.6, several field studies have been established as a supplement to similar s·tndies 
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on the Michigar, Test Eoad. The studies include measurements to determine volume 

changes and warping of the partially and fully restrained 100 foot concrete elabs, 

the practicability of using membrane curing compounds with white ptgments, bit

uminous joint seal operati_ons, subbase construction, and wood material as a jo1nt 

filler. Periodic observations will be·made during each year. 

Pavements and Bridges Constructed with Stat<' Cement, 39 F 7 __ QJl: This project 

consists primarily of preparing a summary of concrete structures, both pavements 

ancl bridges, in which State cement was used :i,n their construction. These st·ructures 

will eventually be examined and a recorcl. will be- made of their physical condition. 

Performance of Pavements of Post War Design, 39 F-7 (14): Performance sur-' 

veys will be made periodically of a certain number of pavements which were con

structed in accordance with the new post war design. It i.s propose(i by this 

study to correlate transverse cracking and other physical defects with conc'truc

ti_on factors in order to develop information whereby it may be possible to over

come similar conditions on future construction. 

47 F-13, Slab Action Under Dynamic Loading 

This investigation consists of measuring strains anO deflections ·in con

crete pavement induced by various types of heavy motor transport vehicles in 

motion. From t'.-!ese measurements it will he possible to obtai.n information necess

ary (1) to establish the adequacy of our present motor vehicle laws governing 

load ll.mi ts, (2) to furnish reliable data essential to future highway design, 

(3) to check and supplement existing data obtained 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 

equipment. 

47 F714, Stress Distribution in Highway Bridges 

This investigation will consist of measuring strain values in critical 

bridge members produced .by dynamic loads simulating modern traffic conditions. 

The work will produce necessary strain and deflection data which will be cor-

related with theoreti.c.al va1ues to accomplish efficiency and economy in design 

of highwa;i bridges. The informatLon will be used alsD to check the adequacy of 

present load specifications in relation to heavy motor transport units in order 

to minimize overstress in future bridge ·construction. The investigation is not. 

act.ive due to lack of appropriate electronic equipment. 

47 F-15 Pavement RoughnesP. Investigation 

It is the purpose of this investigation to develorJ sui table equipment to 

measure the roughness characteristics of highway surfaces and to correlate the. 

roughness factor with construction practices in· order to continue.lly improve high-

way service. 

47 F-16 Longitudinal Cracking on Project F 17-42 C2 

1m investigation is in.progress to determine the cause of the unusual amount 

of longitudinal· Cracking which has developed on construction project F 17-11.2) C2 

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

4.7. F-17 Effecti·veness of Spiral Shear Developers 

Stress computations .indicate that for certain ranges of. span the s 1Jira1 

shear developer offers economy of design. The problem is to verify this conclusion 

by field mea~urements on· specific structures. The specific purpose of this stndy 

iP. to obtain deflection and strain data from a brio,dge incorporating the spiral 

shear developer, and to compare these measurements with the computed values which 

formed the basis for design. The Bridge Division is participating in the project. 
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.49 F-19 MuHi-Plate Investigation 

It is the purpose of this investigation to conduct labora.tory tests on 

various corrugated structural plate sections to determine their relative sta-

bility under different static load conditions. Hundreds of corrugated metal 

pipe and .arch insts.llations throughout the United States have proved, on the. 

whole, highly s."tisfactory. Occasionally, however, failures have occurred. 

These stn1ct'uree. are generally designed by .highly empirical methods baseo 

on past experience but the varia.bles are so numerous that engineers find it 

difficult to apply the data ?rom one Successful installation to another. 

Height of fill, character rwd water content of· soil, both above and below 

the pipe, method of ba.clc filling, gage and diameter of pipe and whether or 

not it is installed in a trench - all these factors vitally affect the 

safety of the design. Recently, two new variables have been introduced 

which. render somewhat questionable the use of existing installations as 

the crite.ria of design. The manufacturers are nqw'using l J/411 and 2" 

depth of corrugation in· place of the 1 l/2 11 formerly prevailing, and 

second, an entirely new shape of corrugation known as the 11box type" has 

been designed s.nd put in c·ompeti tion with the standard type~ 

From the above statements, it is obvious that the contemple.ted labor-

a.tory tests will throw light on very few of the uncertainties which have 

arisen. We do hope, however, to find answers to the following questions. 

1. Can designs for pipefl and arches be made on the basis of 
section modulus i.rresp.<3ctive of depth or type of corrugation as 
at present manufactured'? 

2·. Do the present· methods of making the seams fully develop the 
metal; both in bending and direct stress or any combination of stress? 

The investigation is a cooperative project between the Highwa.y Department, 

the Public Roads Administration, and the following fabricators of metal plates: 

Armco Drainage and. Metal Products Company, Republic Steel Corporation and United 

Steel Fabricators, Inc. The Bridge Division is participating in the pr.oject. 
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G. MISCELLANEOUS 

. The Research Laboratory hs.ndles a la.rge number of miscellaneous studies each 

year which do not necessarily come under any ohe of the foregoing sections. They 

may be projeci;s extremely important and long range in scope, or· they may be very 

short, undertaken primarily to check certain new materials for conformance to 

specifications, or to provide answers to certaJ.n definite problems confronting 

the administra.tion. 

·· 36 C'rC-3 Snow Removal. and Ice Control 

The snow' and ice problem on highways is one of great importance. Sthdies· 

which will reveal methods to improve winter driving conditions in Michigan· are 

highly 'cjesi:re.ble. The investigation will include studies of such subjects as 

Snow ghd Ic~· Conditions in Michigan, Physics of Snow and Ice, Snow Removal Methods, 

and Ice Removal M'ethods. This project is essentially a continuation of the work 

done on the subject by the Department and by the Engineering Experiment Station 

at Michigan State College. 

36 G-3 (7) Snow Removal by Radiant Heating 

The heating of concrete pavement areas for the purpose of removing ice. and, 

snow haS' been success'rully accomplished by passing hot water or steam through 

pipes embedded in concrete slabs. . It is proposed in the investigation to deter-

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

current through a resistance grid embedded in the sur:face. If successful and 

economical, the method would be ideal for snov/ and ice Control at intersections 

and traffic interchanges in metropolitan areas. The R()_ad Division is participating 

in the project. Report (120) (150) 

36 G--4 Bi±.uminous Joint Seal Investigation 

There has been a loQg range inves.tigation pertaining to the evaluation and 

development of suitable joint sealers and fillers, and the preparation of spepifica-
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tiona for the materials end their application in conRtruction. This investi r;ation 

wac: started by the former R.esearch a.ncl Testing Pi viGion e.nd le.ter as sum eel by. the 

Ree.earch Laboratory. Severa.l Ol]tst'anding studiec~ are a.e~ociated with the project. 

Field Joint Eeal Studies, '36 G-L, (:;.): Several test insto.llationn of a.sphal t-

rubber joint sealing compm1nds have been made {'or ccrnparative stur:Y. unfler fie10 

conditions. Reports (49) (5?--) (81) (83) (%). 

Joint Seal Bond StlJr!ies, 36 e-4 (/+): E\tuOies are in progresB to improve the 

bondi_ng characteristics of the bituminous-rubber joint seal compmJnds tNhen c.pp1ier1 
, I 
I 1 to .i oints on both new and old pavements. 

Since natural J.atices _have been hard to procure d1.1e to war time concii tionr, sjn-

thetic latices as a substitute hecve been employed fn the investigetion to develop 

a suitable and economical joint seal material. Du~ to thf'" popular use of comr1er-

cial hot-poured type of hi tuminouP.-n1bber joint seal compound, this project has 

become inactive. 

Investigation of Hot-PmJred Asphalt -Rubber Joint Sealing Compounds, 36 G-4 (6): 

This .investigation has been established to study the chara.cteri sties e.nd performance 

of the new hot-poured type ac:phalt-rubber joint seal compounds for the p1irpose of 

improving specifications and to inrJtruct the contractors end highway personnel as 

to its proper use on the job. Peport (101) (lOJ) . 

,Joint Fillers, 36 G-4 (7): Materials. offered for use a.s expansion joint fillers 

are investigated to deterrrrLne their efficiency in performing their intem'ec1 fvnction. 

Such materj a1s include cork, wooO, fiber al1.cl rubber. Report (98) 

39 G-14 (2) Reflector Button Investigation 

The }Jnrpose of th~l s study iEl to develop specifications for plastic rei'lector buttonr. 

for traffic control signs enr1 highway delineators. 
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39 G-15 Guard Hail Post ?reservation Investigation 

An inve8tif;ati.cn of wood preGervat:Lves and their 2_Dpli.ca.tion tc gnard rail 

posts has been underta.ken. Coneic1eration has been given to the use of cedar e.s 

compared l'!)_ th Other specj_ es of woor!, anc! also to methodE! of painting the por::ts 

after treatment. 

LJ.i G-18 Hi1Zh1;vey Con::~truction Cost .2-tud:r, 

This stuc1y was established to develop info:rmati.on on the actual coc:t of 

various opercttionr. relative to highway construction. Such i.nformE>.tion is highly 

clesirable :Ln coniJection wi.th the estabJishment of new design pOJ.icies, to check 

construction ,o;.m0 maintenance coste _1 and for tax rnte consideration. 

L~6 G-33 Guard ·P.ai1 Itxnn·nsion TBke--Up and Anchor f..et:'Jign 

This inve.st~gation he.F a twofold purpose: (1) a study of expEnsion take~ 

ups to determi.ne if they e.re economically ,iustified for the concli tionP under 

which they are i:cstalJ.ed anq operate, and (2) to acquire data on anchor def\j_gn 

in relation tc construction conditions anr"l Cable pull. These questions l,lave bef!n 

of concern to the Desigr. Di vi~ion for some ti.me. 

47 G-36 . Use of Glags Reads fo:r Reflectorized Center 2tripe 

A comprehensive study of reflectorized pavement marking ·w,s undertaken 

by the R.esearch Laboratory wi.th the ultimate object of deve1oping improved 

specii':i.cat~.ons for _materials anrl methods of fJ.pplication. The scope of the 

investigation includes four me.in objectives: (1) to determine the'oegree of 

transparency and optimum siz.e gradation of the gle.ss spheres necessary for 

maximum reflectibili ty and wear resistance throughout the life of the marking; 

(2) to. find what types of pai.nt or bindeT. are neces2ary for ·maximum d1Jratil:i.ty 

·and reflection; (3) to establish the optimum coverar,;e of e-pheres anO bincler per 

unit area f:rom the standpoint of both efficiency a.nd economy~ anrl (4) to find the 
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best method or methodi' of application of the materials. 

The Planning P.JJ.Cl Traffic 8.nd Maintenance Di vis.ions are cooP·e:;:·ating in the 

project. 

~.7 G-37 Application of Liquid Chlorides as a Dust Palliative 

The project concerns the application of liquid chloride to gravel surfaces 

in such a manner a.s to minimize the persistence of pools ·of J iqni0 .on the mrrface 

and the loss of materia.l to the roadsides. Mechanical methods as well as wetting 

agents will be considered in the study. 
I 
' 47 G-38 Skidding Properties of Pavement Surfaces 

The safety of a motor vehicle ifl bounCl up with its potential f. topping dis-. 

tance VJhich ul tirnately depends upon the adhesion available betvreen the vehicle 

tires and the road surface. The friction propertiec; of the roa.il snr:lace are 
i. 

subject to great variation. It i,s the purpose of this invef!tigntjon to rnee.Ptli"e 

the skidding prope.rties of various types of roa.C! eurfaces on the 8tate trlinkJ. ine 

~1ys:tem in relation to Sl1ch factors as materials U.'?ed, age of ::-urfnce, amornt of 

traff-Ic, Bncl conr!t111ction features. A knm-vledge of lher.e skiclcling propert1es 

ir, of importance t-o tho::1e responsible for the construction anC maintP.nance of' the 

highways. 

L,8 G-L,.O Comnarative Cost Study of Different Tynes of Refleetori zed Signs. 

The purpose of this study is to accumulate fRctual information on the rela-

tive cost of different types of reflectorized traffic control signs. Snch infor= 

ma.tion vrill be useful in estab1ishing policies on highwRy signs. 

Ml G--41 Investi.v,ation of Slippery Conditions on US 2 in Upper Peninsula. 

A stucly is in progress to determine the cause and ext~nt of the unus1Jal 

slippery when vret condition of the concrete pavement on certain sections of US 2 

between St. IgnRce and Ra.piclE g;_ver. The investigation was prompted by the fa.ot 

that in rece11:t y-ears a lB.rge number of e.ccidentf· hnve bee11 reported by State Police 
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as having occurred due to skidding. on -the concrete E;urface especj nlly during 

rain.s or when pavement if. wet. The Ma:inte:nance Div:l.r,j_on is cooperatj_ng in thJ.s 

work. Report (117) 

4.8 G'--42 Investigation of Hydron Form Lining 

The purpose of this project is to investigate the possible benefits of 

using abs_orpti ve form ll.ning in the construction of highwe.y bri.cJges, grac1e 

crossings, an9 oth-er structures. Some of the a.dvard ager, cla.ini-ed for it are: 

(l) increased Btrength anc1 dura hili ty of the Concrete surface, even when ai. r-

entraining agents are used; and (2) the removaJ~ .of entrapped air bubbles at the 

.f'orm face, thus providing e. smoother S1Jrface and corresponding reduction in 

firiif',hing COP.t -. Tests by the U .;::. J\rmy Engineers and the Burea.u of Recle.me.tion 

apparently subste,ntia:te these claJms. Report (127) 

M' G-43 An J~-,vec:tige.tion of Hust Inhi~bitives for Chloride Salts Used in Ice and 

Duet Control 

This inveBtigation i·s. concerned with the problem of reducing the corrosive 

effect of chloride sal tr; on metal parts of vehicles. The work will include both 

calcium and sodium chloride salts in brine or solid form as used in ice and du.st 

control. It will cover. different t 0 ,:>es of rust inhibitors, their relative effici-

ency," economy, use and limitatione. Special co"nsideration will be gi.ven to Elllch 

factors as packaging, handling and· distribution in the field ano effect on per- I 
I 

sons and materials other than steel. Motorists will henefi t materially from the 

succesBful solution of this problem through prevention of considerable e.nnua.l 

C.amage to motor vehicles. 
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OTHl<;R EELATED ACTIVI'riES 

In addition to carrying on an extensive research program, the Research Labora-

tory is idez,lly situated to taJre part in other r10rk of significance to the Michigan 

State Highway Department. These related activities are in keeping with the obj ec-

tives and functions of. the organization and include cooperation in educational 

programs, public relations, cooperative research, graduate study, ·membership in 

technical societier, and research testing. 

Educational 

Schools and conferences are desirable from time to time in order to acquaint 

members of the Department and other interested persons with the new developments 

in highway technology. In these school11 and conferences the Research Laboratory 

has taken an active part since its inception. 

Soils School at Michigan State College: In March, 1941, an Engineering Con-

ference in soils fo:r engineers was held at Michigan State College. This soils 

school was organized in cooperation with the Civil Engineering Department at 

Michigan e.tate College for the purpose of giving practicing engineers, and espe-

cially engineers of the Highway Department, an opportunity to become better 

acquainted with the subject of soils as related to modern highway engineering 

practices. The school consisted of lectures, discussions and demonstrations. 

Proceedings of the conference have been published by the College. 

Conference with Officials and Representatives of the Portland Cement 

Association and Cement Manufacturers and Members of the Michigan State Highvm;y: 

Department: This conference was held for the express purpose of explaining to the 

group the scope and purpose of the design and durability projects of the Michigan 

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

their attempt to solve the scaling problem. The conference vras held on the campus 
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in the Engineering Building. Members of the Engineering staff of the college 

were invited'to attend. The meeting was held in July, 1941. 

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

organization·composed of a group of men interested in snow and snow problems. 

At the first'meeting of the Central Snow Conference, which was held at Michigan 

State College 'in December, 1941, the Research Laboratory was invited to coope-

rate in preparing a program for the conference concerning standards, techniques, 

and methods of application of knowledge of tne character of snow to the problem 

of snow control in highway transportation. 

The proceedings of this conference were published in 1942 by the College. 

Michigan Concrete Conference: The Michigan Concrete Conference, the first 
., 

of its kind in Michigan, was 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 desigoed to give 

practicing engineers, municipal and county engineers, highway engineers, con-

tractors and other persons interested in concrete as a materia~ an opportunity 

to become better acquainted with the subject of air entrainment in modern 

concrete practice. The conference was held on the Michigan State College camj)US, 

December l and 2, 1948. 

Public Relations 

The Research Laboratory is open at all times to visitors on Campus, as 

well as faculty members and students, and many have taken this· opportunity to 

obtain a firsthand perspective o:f what the Department is doing to provide the 

public with better highways. 

B'efore the war the Research Laboratory participated with the Engineering 

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

laboratory visitors vdth the work of the organization and the benefits derived 

therefrom. 
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Cooperate Eesea.rch \York 

College personnel in the E!ngineeri.ng "school., as V'.'eJ.l ·as in c~th~?T depart-

ments on the C<.:;.mpus, including .in paY.ticule.r Chem~e.try·, Bacteriology, Phy~.ics, 

Soil's J Geolocy and Forestry are familiar with the wcrk of the Laboratory, and 
' " 

in some inste.nces have cooperated iD. problems, of mutual interest. A coopernt.i ve 

refH=:a-rch p_ro,ject on turf. g!·owth :i.s :in e.ctive progress vdth the Soi.].[' S.ctence 

Department of the College. 

·~ehe Reseerch La.boratory also maintains close relationship, with the Engin.eer-

ing E>lJeriment Station at the College by participating ,jointly ir. reseerch pro-
• 

j ects. This affords the Laboratory an opportunity to .work with the Fngi neerj.ng 

staff memberf: oh rr.ut1w.l problernE, ar_O it aleo provideR em o1.1tlet for puhl:i~.hing 

research information. The ReGearch Le:.bora.tory- is represented on the 1V1vip,ory 

Cornmi.ttee to the Director of the Enp,ineeri.ng E>:periment Station. 

The facilities of the Rer:earch La.boratory have always been avaiJ8.hle to 

students interested in highway research problems. Many students in the Ji:ngin-

eering School have taken ad ventage or" thic· opportunity to work on problems of 

mutual interest as a pa.rtial fulfillment of the requirements for a degree. 

In the purs1Jance of the research progra.m the laborc>-tory enge.ges tbe G6rvice 

of severc1l, st-tJ.dents on c_ p.art-time b2"sis to ae.rd.st vvith the workb Such a policy 

has many gooc1 features in that it not only helps the student financi.aJ.ly anc1 

scholastically, but it serves a.s a training p.chool from which the Department 

may later select personnel for pe:emanent positions. 

GraC:uate Stvdy 

Through a working arrangement with the College authorities, it i.s possible 

for ·st11den-ts workir:.g toward advanced degrees to do research work for ihesls crec1-tt 

in the Research Laboratory under joi.nt SlJpervision of his ma,jor professor ant:i an 
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experienced staff member of the Hesearch Laboratory. In this manner it is 

possible for. the labore.tory to enjoy to a. greB.ter extent ,the academic fadli-

ti.e::. of .the c'ollege in conn.ection with the pnrSllance of its research activities. 

Technical Societies 

To keep abreast of the constantly expanding n eld of research and ·its rela-

tionship to highway problemB, ·it i:::: imperative that an as.socia.tion be ma;~nte.:tneC\ 

with techr~ica1 societ-tes to obtain ar~thorita.tive information on properties and 

tests of materials, and to have a,ve.ilable the latest da.ta. on resear'ches which 

involve the efforts of hundreds of engineers and the expenditures of large s1.•ms. 

yearly. In return the P.esearch Lo.bora.tory c'm be of service by shar~ng experience 

·and knowledge on similar problems by partic1patirrf; in programs of research, by 

constructive crjticism of standards and by helping promote the 'use of quality 

f .. pecifications and. stE..ndard tests. As part of its re6eEt.rch ~rcti.vi ties, the· Labo:ta-

tory engages in committee work with national organizations. Membe1:s of the 

research organ;Lzation are represented on technice.1 committees of tbe Highway Re-

search Board and the American Road Builders Association. Staff perr,onneJ. ·hold member-

ships in the Highway Eesearch Board, American Soc~ety of Civil Engineers_, .American 

Concrete Ineti tute and American Chemical Society. 

Conta.ct is, maintained with the Public Roads Administration, the Portland 

Cement Association, Calci:um Chloride Association, Natural Sand and Gravel Assoc]_-

ation, National Slag Association, National Crushed Stone Association, Wire Rein-

forcing Institute, Rail Steel Ba.r Associa.tion,, Aspha~t Instittite, American Society 

forTesting Materia.ls and flJTierican Acsociation of State Highway Offi.ciaJ.s. Contact 

has also been maintained with various engineeri.ng conferences, such as the Michigan 

Highway Conf~rence, and Purdue Highway Conference. 
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··Research Testing 

In addition to its research activities, .the Hesearch Laboratory performs 

special research tests on new materials submitted by various manufacturers, 

It also cooperate.s with the Testing Laboratory in Ann Arbor in the matter of 

routine testing of materials requiring special consideration. The Testing 

Laboratory reciprocates by ·performing routine· testing'on materials associated 

with certain research investigations. 

GENERAL ACCO!VIPLISHivlENTS 

Since the establishment of a research organization in 1959, many impor

tant contributions have been made to promote better. highimy construction. 

These contributions appear as bulletins, magazine articles, technical papers 

and unpublished Departmental reports. Altogether since 1939, the total reports· 

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

papers and ninety-three Departmental reports. 

Among the outstanding accomplishments of the Research Laboratory is its 

investigational work associated with the Michigan Test Road. This experimental 

concrete pavement project, which was constructed in 1940 in cooperation with 

the Public Roads Administration, is one of the most comprehensive projects of 

its kind in the country at the present time. Several current features in con

crete pavement construction practice, such as scale resistant concrete, long 

reinforced slabs, ·less use of expansion jointL, mechanical form tampers, and 

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

features should increase the economic life of pavements, provide better ridj.ng qual

. i ties and at the same time effect a considerable reduction in maintenance costs, 
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ReDort No. 

l 

2 

.3 

L, 

5 

6 

7 

8 

9 

BI BLIOGP.Al'HICAL INFOFc\!ATION 

Ti.tle Date 

Research Actt vi. ties of Mich. 7-l-L,O 
State Highway Department 

Field Study of Joint Sealers 10-10-L,.O 

Michigan Test Road 11-1-40 

InvestigEltionnl Concrete 
F,wen•ent in Wlichigan ll-·22-~.0 

Deeign of Load Transfer 
Joints in Concrete Paverilents ll-22-40 

Changef:. Jn Characteristics of 
Slow Curing Aer~altic Oils 12-2-40 

Activities of Research 1-22.-~.l 
.Division 

Summary, Michigan Test Road 1-28-41 

V2lue of Concrete Spreader 1-29-41 
in Concrete Pa.vement 
Construction 

Pa.ver.1ent Joints and Their 1-29-41 
F1JDctions 

Concrete Durability 2tuclies ;:-18-41 

Construction of Michigan Test 2-14-41 
F:oad 

Natural Conditions Affecting 3-4-41 
Performance of Soils 

Funrlamental Principles aml 5-l-41 
Factors Embodied in Michigan 
Test Road. 
Re}Jort on 1>iiBnvfactured Stone 5-15-41 
~'=·r.:.r:.c1 and Its Uses in Concrete 
Mixt-1..1res 
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Purpose 

Article in Michigan 
Engineer 

Report to A.S~T.M. Comm~ 

on Joints 

Editorial for Roa0f' & 
Stre ek, Nov. 19/+0 

Paper, Highway .R.esea.rch 
Board, Nov. 1940 

PB.per, Highws.y Research 
Board, Nov. 191,.0 

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

, News Release, Iv1ichigan 
State News, l-22-L,l 

Report to Highway 
Advisory Board, Jan. 1941 

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

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

Report to A.C.I. M~eting, 
Washington, Feb .. 1941 

Pa.per at Houghton 
Conference, Feb. 194.1 

. Paper nt Soils Conference 
M.S.C, March 1941 

Article in Roads & 
Street e.} May, 191~1 

Departmental Report 

If 



Report No. 

16 

17 

18 

19 

20 

:! 
21 

22 

21, 

25 

26 

27 

I 28 
! 

29 

j! 
30 

31 

Title 

R.eport on Claims Pree.ented By 
IN. L. ,Than· Co., Projecte 
F 16-20, C4 s.ml F 67-37, C6 

5~16-41 

Proposed Specifications for 6-15-41 
Slow Cnri.ng Liquid Asphalt 

Con~truction and Subsequent 7-28-~.l 

ShcdieG of C'oncrete Durabi.li ty 
Project, Michigan Test Road 

The Library-Laboratoq 8-16-/+l 
Research 

Movie Script of Michigan Test 
Road 

Pamphlet on Michigan Tecot 
Road 

Research .Activl ties of t;,Uch. 
State' Highway Department 

C1eri.eral Observations on Con
crete Scaling 

Comments on Concrete Scaling 
Studies 

Effect of Various Axle 
Loadings on Highway Pavements 

Selected Bibliography on Air
port Construction for 
National De{ense 

Design and Construction of 
F'light Strips 

Summary of Research Pro,j ect~ 

Agri.fil as a Mineral Filler 
for Bituminous Mixtures 

Constrnction of ExperLmenta1 
Soil-Cement Stabilization 
R.oacl Surface, Stockbridge 

8-26-1,1 

"9-30-41 

12-10-41 

2-1-1,.2 

2-1-/,2 

3-10-42 

1,-l-42 

~-l-42 

Curing of Concrete by .Calcium 4-l-42 
Chloride Integral Mixed · 
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Purpose 

Departmental Report 

Departetental Report 

Meetirig of Ce1:1ent '\~anu
facturers at M.S.C. 
July 1941 

Edi to:rial R.oe.ds & Str8ets 
DecemlJer, 1941 

Michigan Test R.oad Movie 

For A.A . .S.H.O. Conven
tion, Det:roi t, __ Oct. 191,1 

Michigan Section, A·8~E 

Detroit, Nov. l9!,1 

Article for B.oads & 
StreetR, Dec. 191,1 

News He1ease to Associ
ated Press, Dec. 19!,1 

Departmental Heport 

For Highway Dept. Com
mittee on Flight Strip 
Construct-ton in Michigan 

J:!epartl!len taJ Report 

Departmental Heport 

Departmental R.eport 

Departmenta.l Progress 
Heport 

Departmental R.eport 



32 

31,. 

35 

36 

.37 

39 

40 

41 

43 

··-1 

Date 

Gra:yl tng Cement and Bituminous · 5-l-1,.2 
SoU Stabi J.izati.on Proj ectr,< 

r~.qembra.ne Curlng Compounds 

LimestoEe Dust in Iv1ortar 

Research La.boratory P.eport 
for Bi.ennium 1940-1942 

Progress Report on Houghton 
Project, December, 191,1 to 
July 191,2 

Hee.earch Laboratory 
1\c.tiviti.es 

Color TrEatment of ConCl'ete 
Pavements for Camouflage 
Purposes 

Acce1erater1 Scaling Studies 
on Concrete Pavement ,':!urfaces 

5-15-42 

6-l-42 

7-1-42 

7-19-!,.2 

8-l-42 

7-7-42 

8-1-42 

Reflectorized Sign Material 1:J--l0-42 
Study 

Digest of the Michi.t;an Test 12-21-42 
P.oad 

Discoloration Phenomenon in 1-10-43 
ReflectorizeC! Highwa;r Si.gn 
wraterials 

Research Activities 1939-1943 5-l-43 

Color in Concrete Pavement 5- Ul-43 

·Design of Concrete 5-21-/+3 
Resurfacing 

Design Recommendations for 6--28-43 
Industrial Express Highway 
No. 3 

Determination Of Young's Modu- 8-3-43 
lus of Frozen and Tha.wed Con-
crete Specimen by Sonic Method 
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Purpoc1e 

Departmental Report 

Speciftcat:i.ons 

Departmental Report 

Depnrtment Biennial 
He port 

DepaTt:n~nta.l RepoTt 

Annue.l Report to Dea:n of 
Engineering~ M.S.C. 

Departmental P.eport 

Departm.:;ntal R-eport 

Departmental Report 

American Concrete 
Institute 

Departmtmta: Report 

Laboratory Report 

Departmenta.l -Report 

Departmental P.eport 

Departmental Report 

Departmental Report 

I 
1:1 

I' I 

II 
:1'1 

i:! 
t
1il 

15j 

!·I! 

'!ii 

:rt 
II 
Ill 

II 
ll 
'I 
II 

I 

I 
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Reuort No. 

48 

50 

51 

52' 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

Title 

Michigan 1 s Experiences in 
the Use of J\i.r Entraining 
Materials for Concrete Pave
ment Construction 

"Sealz11 Joint Seal Study 

Concl.i ti.on Survey of Concrete 
Recapped Projects 

The Research Laboratory 

Compilation of Design and 
Construction. Data for Con
crete Pavements 

Para-Plasti.c Joint Bea1tng 
Material 

Air-Entraining Concrete 

Report on Research Laboratory 
July 1943 - July l%4 

Study of Blowups on Bi tumi
nous Capped Pavements 

Study of Transit Mixed Con
crete in Relation to a Pro
posed Change in Batch Qnmlti
tiefl on Project 9-8, CJ 

A Study of Concrete Pavement 
'cracking on Project 49-7, Cl 

A Preliminary Progresc Report 
on Design Project, f1LT.R. 

Research Laboratory Report 
for Biennium 1942-1944 

Microscopic Study of Scaled 
and Unsealed Concrete 

Recommendations for the 
Design of Concrete Pavements 

Date 

10-21-43 

l-1 ?-44 

_3-10-4!,. 

6-_1-M 

6-2-44 

. 6-8-44 

6-15-44 

7-28-44 

9-8-41, 

10-2-1,4 

10-7-M, 

11-1-44 

11-20-44 
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PurposeR· 

Paper at .35th Anmml 
Meetings or· Engi.neerlng 
Society of VViscontrLn 

Departmental Report 

Departmental Report 

Departmental Report 

Departmental Report 

Departmental Heport 

Paper, HmJghton Confer
ence, June 19L,.l, 

Annual Feport to De·an of 
Ehgineering, M.S.C. 

Departmental R.eport 

Depa.rtmen tal He port 

Departmental Report 

Paper Presented by H. C. 
CoonA at Highway R.esAarch 
Board Meetinr,, 1944 

Department Bi-enninm 
Report 

Eng. EXIJerimental StR
tion, Bulletin M.S.C., 
No. 101 

For H.C. Coons at A.A. 
S.H.O. Meeting, 
Cincinnati, J 91,4 



Renort No. 

63 

74-R 

.-

.:._1 1 
75 

76 

77 

Ti.tle 

·Use. of Vinsol B.esin Cement in 
c·oncrete Bridp,e Structures 

·Pavement and Subgrade "Mois
ture, ·Michigan Test R-oad 

Hardening of Wood by Chemical 
Processes 

·Concerning Changes in Senate 
Bill 102 Rela.ti ve t,_, :l!otor
buses 

SoiJ ktion Under Bridge 
Piers, D.I.E. 

Des.ign of Concrete Pavements 
for Postwar Construction 

Detei'minat-Lon of Benzene in 
Asphalti.c Rorji Oils 

Asphaltic Oil-Latex Joint
Sealing Compound 

Report on R.esearch LaboTatory 
1944-1945 

A Model Study of Slab Action 
in Concrete Pavement 

Ih.spection of Concrete Pave
ment :!.n the Province of· 
Ontario, Canada 

The Application of Chloride 
Salts to Concrete Pavements 
for Ice Control 

Factors to be Considered in the 
Use of Air-Entraining Concrete 
for Highway Construction 

Investigation of Anti-Freeze 
Prepa.rationg E.thylene Glycol 
Type 

Investigation of Kapco Mem-
brane' Curing 

Date 

ll-24-44 

12-5-44 

12-9-41, 

2-21-45 

5-lL,-45 

4-1-45 

l,-2-45 

7-10-45 

7-16-45 

6-13-45 

8-17-1,5 

9-14-45 

11-10-1,5 

12-l-45. 
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Purpope 

Depacrtmental R.eport 

Highway Research Board 

Departmental Report 

Departmental Report 

Departmental Report 

Departmenta1 Report 

Depa-rtmental Report 

Pub'-ication in ACI 
Journal, June 1946 

Annu8~ R~port to Dean of 
Engineering} M.S.Co 

Departmental Report 

Departmental Report 

Departmental lleport 

Departmental Report 

Departmental Report 

Departmental Report 



Report No. 

78 

79 

80 

81 

82 

84 

85 

S6 

87 

88 

i:-: 

89-R 

90 

'1 
91-R 

:! i' -~ 

92 

Title Da,te 

The Muskegon Erperimental 12-10-45 
Project After Seven Years in 
Service 

Prevention of Scale on Con- l-l-46 
crete Pavement Surfaces by 
Air F:ritrainment 

A Model Study of Slab Action 1-8-1,6 
in Concrete Pavements 

Comments on Bi tum1.nou&-Rubber 1-21-4.6 
.Toi.nt Seal:i.ng Compounds 

Condition Sur"'ey, Grayling L,-15-46 
Project - 1946 , 

First Condition Survey of Hot 5-1-46 
Poured Bi tuminous-·Ruhber Joint 
Seal Installation on US-16, 
West of Lansing 

Investigation of Hingeil. Bar 6-J-4.6 
Mat 

Report on Research Laboratory 7-9-46 
for 191,5 ,194.6 

Investi.gation of Pen Kate 7-25-46 
"500 11 Maintenance Patnt 

Preserving and Reconditioning 9-Yl-46 
of Concrete Bridges 

Non-skid Bituminous Surfe.ce 10-7-4.6 
Treatments, Projecte M 5-17, C2 
and M 69~5, C3 

Cracked versus Uncracked 10-16-46 
Asphaltic Materials 

Study of Slab Acti.on in Con- 10-31-46 
crete. Pavements 

Investigation of Concrete Paving 4-L,-47 
Forms. 

Modern Highway Loadings in 
Relation to Design Require
ments and Methods of Control 

r-2-47 
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Departmental Report 

Paper Presented by Comm. 
Ziegler at 32nd Annual 
:Road School, Purdue Uni v & • 

1-22-46 

Paper for Highway ResBarch 
Board, Okalahoma Ct ty, 19/+6 

Departmental Heport 

Departmental Report 

Departmente.l Report 

Departmental Report 

Annual Report to Dean of 
Engineerlng at M.s.c .. 

Departmentc.l Report 

Departmental Report 

DepartmentaJ Report 

Departmental R.eport 

Departmental Report 

Departmental Report 

Departmental Report 



Report No. 

93 

94 

95 

96 

97 

9" u 

99 

100 

I 

101 

102 

103 

104 

105 

106 

107 

Title 

Gradation and Con;c;.olidation 
of Porous Backfill 

Resealing of Old EYpa.nsion 
Joints with Bitnminous-Rubber 
Compound in Relati:on to 
Highway Ma i_n tenance 

Exper-i. ence in the Use of 
Carbon Black "s a Color P"i.g
ment in Concrete Pavement 

Bi tl1m.inous F:i. ber Board for 
Joints 

Abnormal Cracking and Settle
ment of Pavement Slabs in the 
Willow Run and Detroit Indus
trial Expressway System 

Wood Joint Filler Investigation 

The Research L:eb0"atory 

Hesearch Activiti.es 

2-14-1,.7 

3-14-47 

3-19-47 

5-2-47 

4-l-47 

5-28-47 

7-15-47 

rurpose 

A.R.B.A. Cornmi ttee on Compe.c
Uon of S·oil, Chi.cago, 
Feb. 18, 19/.7 

Departmental Report 

Departmental Report 

Departmental Re:oort 

Departmental Report 

Departmental Report 

De;oartrrien tal Re:oort 

Annunl Report to 
De&l of Fngi;.eering 

11 Sealz Melter 11 Heating Kettle for 9-3-47 
·Rubber Joint Sealing Compound 

Departmen ta'L Use 

Liquid Chloride Application 

Rubber Compound Heating Kettle 
Chaup,see Model R-115 

Progress' Report on Load Deflec
tion Tests Dealing with Length 
and E'iz.e of Dowels 

Cracking of Concrete Patches 
Project 49-7, Cl 

Progress Report on Study of 
Turf Grovrth on Soil Mixbjres' 

Consolidation of Porous Backfill 

9-17-47 Departmental R.eport 

9-18-47 Departmental Report 

ll-30-47 Highway Research Board 
December, 1947 

12-15-47 Departmental R.eport 

12-24--/+7 Highway ReHearch Board 
December, _194 7 

l-23-48 Comrn. Report ARBA 
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Report No. Title Date PurpOse 

lOS Detroit Manufactured Bri.ck for 
Catch Basins a11d Manholes 

109 

110 

The Use and Treatment of Granu
lar Backfill 

' 
Deter'i.ora.tion and Restoration of 
Concrete Bridges of State Trunk-
1 i.ne System 

3-l-48 

3-3-48 

3-15-48 

Departmental Report 

EYp. Station BuJ.. #107 
Michigan State College 

Departmental Report 

111 Elt11dy of New l\merican Decalcomania 3'-26-48 Departmental Report 
Reflective Material 

112 lilore Durable Concrete by Air L,-30-48 Anmwl Meeting of M.F.S. 
Entrainment .April, 1948 

113 A St\Jdy of Fiberglass Fabrics for 6-1-48 Departmental Report 
Membrane and Joint Waterproofing 

114 Effect' of Foreign Material on 3-'l-~8 Departmental Heport 
Qtl'ali ty of Concrete on Pavem-ent 
F 43-16, C2 

115 Operational Comparison of Premixed 8-25-~.8 Departmental Report 
and MSHD Specification Me.terials 
for Reflecto·ti.zed Centerlines 

116 Shoulder Construction Practices 11-20-/+8 Committee Report 

117 

118 

119 

120 

121 

in Michigan HRB Roadside Devel
opment of Shoulders 

Investigation of Slippery Condition 12,1-48 
of Stone Sand Concrete Pavement 

Departmental Use 

An Appraisal of the Membrane 
Method of Curing Concrete 
Pavements 

12-15-~.8 Bulletin #108, Eng. 

An Imnroved Sonic Apparatus 
for Determining the Dynamic 
Modulus of Concrete Specimens 

Michigan's Experiment in Snow 
and Ice Removal on Highways 
by Radiant Heat 

Field Tests of Reflectorized 
Stripes 
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l-15-49 

l-15-49 

Exp. Sta., M.S.C. 

Departmental Di stri
bution 

Departmental Distri
bution 

Departmental 



Report No. 

122 

123. 

125 

126 

127 

128 

130 

131 

Title ---
Concrete Curb Design 

Application of White Membrane 
on Project F 74-41, Cl, US-25, 
North of Port Sanilac 

Relative Resistance to Thermal 
and Mechanical Shock of _1/.arious 
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Departmental 

Snow Removed and- Ice Control 

. Radiant Hea.ting ~ 

Soil Action Under Bridge Piers -. ( 

Soil Stab"i liz-o.tion 
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