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The subject of research and findings 12 one of iniersst
to aclentist, englneer and the layman, The findings of research
leads the selentist to newer fields of digeovery, 1t leads the
engineer to newer applicatioﬁs and it éwakens the layman¥s interest
in our development of a newer and better civilization,! Bhen I was
aseigned this paper by the Fublié Reldtiana Divigion, I was asghked
if I could give‘a‘falk on some of the specltacular and mystical
studies which the Ressarch Division wes wmaking in its vwiork. To be
gurs thers are many interesting experiments which we ave performing
that might seem myetifying and uncaﬁny, but this is trus ouly be~
cange the field bf/;e$aarch in the arf of highway constructien ip
adopbing many of the newer meﬁhméﬂ of resesrch racenily developed
in the fields Pf physiecs and chemistry.

It 1s not our purpdsg to be spectacular or mystifying, but
f%thar to correlate certaln observations ﬁc the end that definlte
baéi&lralationéhips will provide for improved design snd a more
sffective use of materials. | |

The important problems in highwey enginesring have been
co insistent, that there Ls a tendency for highway administrators to
damand-from thelr techmical staff answers to questlons which the
latter have not had ample opportunity to carry to final completion.

We have only helf angwers to many problens which are ade
nlttedly better than no angwer at‘éll. Research methods and organ~

lzation of research groups in highway englneering hae not been all
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fhﬂt is to be desired. Lack of apprecisbion of.thm benefits Lo he
@érived and lack of competent persomnel ﬁay‘be the ressons for this
shatus. Bﬂt, recently, highway englneers héve raalized the inade-
unatenasm of the aﬁswers to certuln basic problems and graduslly nsw
aﬁphasis has been placed upon long range fact finding raéa&rah

- projectse

The Michigen State Highway Depariment, over & perlod of years,
hag shawﬁ nore than average interast in.%he value of vesearch and has
contributed valueble informetion to the art and science Qf highway builde
ing. ﬁbwever3 the efforts have besn mors or less spasmodic with work
only directad to thé mopt urgent prablemﬁ; In svme cases, very impéftﬂ
ant and valuable work has been inlitlated, bubl heceuse no adequate ore
ganization existed whieh counld make’lﬁﬁg range observations and estalm
liﬂh.dﬂfinite conelusions, the afiginal effort cane to’practically
nsught.

Credit must be given to the conselentlous workers who nade
valuable donbtributions and it.is_not the intent to belittle their
efforts, bub rathér to point out the necessiiy of long range p&agrams -
prograne well plarmed, with adequate personnel, squipment and funds
in order %o derive tha_gregtast gaod;and ta séfablish wnole answers
rather than half snswers,

Ap the mileage of improved highwsys has Increased, so has
the mumber of balf auswers Eecome more appsrent, Half tfuth conbras
dleting half truth with the reesuli that too many unstandardized methods
of design snd congtruction have bosn used with no basie eriterions

aveilable to sort the good from the bad,
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The realization-of this condition @ncouraged the admindstra-
‘tion of the Michigan State Highway Department to establish come means
whareﬁﬁ a contribution could be made in research endeavor in order +o
find fhe whole aﬁswef where possible,

, . In 1939, a Research Division was instituted in ¥lehigan State
Highway Departmént chérged #ith the responsibility of creating and
parrying out a resesrch program best sulled to the needs of tﬁé highn
way engineering profepslon. Spseial emphasis was to be placad upon
the design and consbruction of concrets pavémenﬁs from the vbandpoint
of strength, durebility end economlceg.

It wag reallzed that such a program must be s long range plan,
the gtudy of which should be made by an adegusie gtaff speclally
ﬁrain@d in the field of highway‘research. Aleo, such an organization
should have probar facilitiss avay from the regular routine of highe
way Interofflcs tusiness,.

After a little over one year, the Research Division has pub
undaf way & eomprahensiv% pfbgram including the study of »rimary problens
pef%aining to higher quality conorste and bituﬁinouﬂ pevenents s well
o subgrade charactaﬁiatics and solle stabilizatlon. In regaxd to
concrete pavgmants'agecial importance is being plsced upon such subjsects
ag sgealing, eurlng, design, including slab'thickneaﬁ, sp&cing of joinke,
Joint deslgn and congrete nix daslgn. The changes in cb&r&cter stice
of binding mediunm and congequent development of 5péaificatians for
binding maberial are being considered under bituminous pavenents, Sub-
grade and soll studles include measurements of subgrade modulusg,
relation of charecteristics of subgrade soil do Euppéxting valuse and

methods of soil shtablilization,



The work iz divided inte several luboratory and field
projectas. _ .

Tt would be diffioult in the time allotted to cover all of
these projects. Therefore, only tha field projects, now under study,
wlll bs discussed at th g time. As you perhaps kno* during the last
y@ar & tost road known ag thé Hichlgen Test Road hag been constructed
by the Michigan Stete Highway Department on M-115 between Farwell end
156, The rosd 45 17.6 niles in length and 22 fest in width, It is
enpentlally divided inﬁ$ %éo gactlons, one for a ztudy of depign prin-
ciples and ths other fﬁ?.thﬁ study of dursbility feectors particularly
in regards to scallng, -A'revia%‘ef the eonstruction of this test road
w11l serve to 1llustrate the principles and fectors being studied.

_ Thé mtfucturai aﬁacuacy of a toncrste pngdﬁﬂt pleb from %h?
standpoint of strength #né perusnency 1z Influvenced bf the Posbursp mf
de#ign which deteraine its continuity and dimenslonsg. - The faatures;
which were glven study In the design section of the Mlchlgan Test Road
were jainté, croge sectlon dimenslons and reinforeing.

Tﬁe masé deslrable conerebe pavement would eliminate all tran@-
varse expansion and contraction Joints, but becansge of the naturas of
_conerste, jolnts ars a necessary evil. Joinbtg have been one of the most
controversial rubJects In the design of concrets pavements. Thersfora,
they were given congiderable attenilon in the Michlgen Test Road., Fmw
phasis was placed upon joint speelng, sxpansion space and Joint construce
tions Beveral different epscings of expansion jolnis from 120 f@@£ Lo
RA700 feet were used for varicus cross sechions and varicus amounts of
reinforcing sheel. Correspondingly warious sp&éings of contraction jolnts

fron 10 to 80 foot intervals were used,
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The proper spﬁcing of joints will be determined by psrnlssivle
maximum sbress intensities in&uced<hy Linsar frictional restralat and -
flexural welight restraint.

'Variouﬂ typa» of expansion and contraction jointﬂ ware
jnatalled to avaluate load timnefer and the preservation of mutual
glevation of slab a?ds, In this comnectlon a study of thickened slab
ends at expénsicn iodnts, ar well as the effeciivensss of ﬂggrﬂgate
irnterlock at contrachiion join%” w11l be studied. In this project =
study of  required expansion spacs for dlfferent epacings will sleo be
made.

It wae b&lieved,.by.nhe planners of the Mlehlgen Temt Roa&,
that on cerbaln types of subgredes providing better than avsrage
mupport, reduced ﬁhicﬁnaav of pﬁ?bMSﬂ% might be uged, Alro, it hes

besn argued that eguiv 1¢ent unlfo?m thickness ?ﬁ?ﬁﬂ@nbw are perhaps

nore satlsfectory éﬂd‘ﬁ&enamiﬁal than the balﬂnced cross pectionay for

exsaple, 2 joint stréngthéning.wthﬁas the thitkened edge type ﬁrcés
mact¢0ﬂ demands %tf@ﬂgthening for a balenced section. It was hoped, in
the plannlng of the Michigsn Test Rond, thab rewe of these factors could
be meamired sud sone of the complex relatione studled and simplified,.
Therefore, four dlffersnt types of crogs sectiong were set up in the
atudy of thir project nemely; 9%-78.97, Kichizen State Highway Depart-
mend standsrd cross gocblon; BY uniko?m, the ap réximat@ aqui&ﬂl@nt of
OuL7HLON . BRLGHLEN 5 veducsd crose section which might be used on éub«
grades of sufficlent supporbting walue; end 7" uniform,; the approximate
squivalent of the praceﬁing crogs pection.

Flaborate Buiveya héve been madse upon concrebe pavenends to
detsriine the valua<af ghael reinforcing in concrete_p&v&manﬁﬁ. The

N\

w B -



L

" pasulte from such surveja have agein opened up & controversial field
"in regards to the deslign of concrete pavepents. Although the propon-
ente of Qlain Qoﬁcrete pavenents can present many plausible srgumente,
there are many unangwered guestions. Among theze unenswered questions
ares
{1) Relation of plain wniforn cross section to reinforced

: ﬂbalancad“ crogs section.

{(2) Economics of reinforced cross sections of both typen

versus plain orose seetions with adequate jolinting,

(3] W®hat is an adequate amount of reinforeing stesl?
It was felt iq planning the ﬁichigaﬂ Tegt Road that inasmuch as the
length of th& project allowad for comperatively long sbtretchesz of both
types of pavemenits to be constructed and observations could be mads
upder identicsl conditlons, perbapse some of the, questlons might be
angwered, To this end, ﬁﬁﬂtiﬂn$ wera conebruched using 9¥-T7N-00;
gn-GY-8%; 8% and 7" wniform cross seckion using plain conerete, and
reinforced concrete with 60 pounds per hmdred square feet and X7
pounds per mmdred sguare feet.

For proper appralsal of the structursl efficlency of the
slements of deslgn considered in this project, perlodic visual examin-
ations tagethar‘with measurenent of displacements and physicai condi-
Vtions”muat he nade.

'Throughcut the enﬁire project, speclal measuring deviges
and reference points have been installsd including - |
l. ZElectrical strain gauges for measuring stresses,

2. Tharmocouples for temperaiure studies.



Be Hoisture cells for detormining molsture content of concrets
and subgrads soll.

4., Beference momunents for deﬁec@ing plab movament.

8. Reference points for measuring changes Iin Joint widbh,

6, Dlevation pointe for messuring changes in joint width.

7, Meteorologlesl stetion for oblaining complebs record of
weather conditlons.

8. A treffic counter for recording vehicle movement over the
test rond.

In the construchion of an axperimﬁntﬁlerad, certaln Inci-
dentel studies may be added which will not interfere with the plans and
obeervations of the major items, A few inecldental ebudies were introe
duced into the Michlgan Tesi Road which were of imterest to the Michi-
gen Btate Highway Depértment end pertinent to the lmprovement of
concrete slab construchbion. These sub-investigutiong comprised a
studﬁ’mf virious canatrﬁeticn mothods including; the étreas curing of
conerete, mechanical spreading of pmncrate and the use of warious
Joint =mealers. |

Sﬁreﬁﬁ‘ﬂuringg Eighteen Immdred feet of concreste pavement
was placed by the sirege curing wmelthod of construction which eliminstes
stesl reinforcenent end trensverss joints other than expansion, The
aslabe were lald in.lOd foot lengths and ths pre-stressing of the fone
crete gacumpiish&d’by'usé of canvas covered rubber hops pressure cells
inserted in the Joint openings and expanded to exert pressures based
on resulbs @f_tests on representative gpecimene 7 by 9 by 14 lnchen cast

throughout the perlod of construction of the stress curing section.
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This prezsure wag meintsined watil the standard medulus of rupture

beam tegts reached the 7-day specification strengbh requirement of

550 pounde per squere inch.

Hechanicsl Concrade Srreaders Vith the gxceptlon of 800
Jineal feebd, the concrete for the demign project was placed and con-
golidatéd by mesns of a mechanlcel conerets spresder. Observations
were-made oﬁ the uniformity of distribubtion dnd placing'of the concrete
camparﬁﬁ with and without spreader, = Flexursl sirength tests on bauns
cast on the subgrade wlth and without concrete spresder and beams vise
brated wibth internsl vikrator éili be reported for ¥ and 28 day tesbs
te.éetarmine Ghﬂractefiﬂﬁics of Stw%ngth for sach Lyps of concrste
placensnt,. Prelininary concluzions relative 4o the concrate spreader
indicate that #he s?readay iz a valusble congbrugtion eld. Its use

tha
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arould allow wuch lower water conbent and roquives less working o
econerete in finishing operotions.

Joint feslers: The finishing and spreading operations in the

construchion of & concrete pavement are very importsnt in the develope
ment of the stﬁeﬁgth aﬁd durability.ef conerede élabs, yet there rew
mains one other construciion an&.design detail which may be of greater
impofﬁ&nbe,rn&mﬁly; adaqu&ﬁe and proper sealing of the jolnds. Frobably
‘many qf our problems of pavement &asiﬁn would be simpiifiad if more
ettention were given to this imporbant item. Over & period of successive
temperature changes causing repeated jolnt opéning and cloging cycles
the pesslbility and oceurrsnce of Infiliration of -foreiga matter will bé
muldiplied. ¥hen this partisl £illing af-joint oéeninge takes pléca'ﬁha

primery purpose of the jolnts will be defeated and the entrance of foreign
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' maiﬁsr at btrangverse jointm will reduce the effective width of the
éﬁpansioﬁ'joints, partleularly in lengbhy slebg, and subsequently
high conpression stresses will result which mey not have beaﬂlcon~
gidersd in the deslgn. Tually importent is the seallng of murfyce
water from the subgrada, |

’ Considerable attenilion has been given to this malter by
the Michigan State Highway Daparﬁment to the end that a seal of the
" agphalt odl 1£tax type has been doveloped which shaws_promiﬂa wf
providing en &déqﬁa%e soale

In thie project ail of the expansion jolots wore sealed

wibh thip waterisl excepb s few in which ather types Qf.fillﬁra_were
useds These dypss included poured rubber, premolded rnbber and tar,
A new type Gf.ﬁxpaﬂﬂiﬁn jodnt was slso usad which employe the poured
filler of asphalt o1l latex am o zesl, complshely seeling top, sides
and Totiom of joint, The details of thle joint are shown in Pigure .
The coptraction Jointn were abserva%iensvﬁili be made to determine
the effechblveness of the various types of geals,

eatdon or; durabllity section wan constructed Lo

me¥Xe observatlons under gervibe, of facbora which had been determined

by other iﬁveahig&tcra or in iahor&tory studias of the ﬁase&rﬁh Division,
that might be af#éctive in the Qravention of sealing. The purpose of
this pavement wes nqt only to meke obzervations under service conditlions
but to afford a fisld laboratory to obtain accelerated asction of chloe
ride salta or lee én conerete pevemenbs and the study of resultant

asotlon, The durability study project entalls a lengbh of spprozimataly

7.7 niless The locatlon is idesl from a sbandpoint of aversge weather
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conditions in Hichipan snd the length is sufficlent ito reduce the
variables of constructlon to & minimum for each factor investigaled,

1he projech wes.-congtrucied under repular contract-and consbruchion

o

procedure uslng the Michigen State Highway Department 1940 plans and
JgpecificatioﬂS'with necensary supplementalg;“Thﬁusupplemental Specie
ficatioﬁs covered detalls for all varisbles unusual to Hichigan State
Bighway Department specifilcatlons. They ;naluésé cements, adnixbures;
mlx designs, methods ol construction whlch prelimlnary lsboralory
studies indicated torpasgeas cha?aeteris%iaé favorable to the preven—
tipn of scaling.

a The pemants uged included two brands of regular sordland
cenant &8 ﬁ@rmally ﬁﬁed in the construction of concrets pevemsnts lu
Hichdgan. Admixtufes included the use of certain proprietary msterlals
rnom 28 Plasbiment, Pozzelith, Urvus and Vinsol Resin, Naturel cenent
wag also lncluded which was ground with and without the use of calcium
shearate, Mix éesigna ineclinded tﬁs regular proportlioning ag determined
by the material'apacificatioﬁs and the mortar void deslgn nethod of
the Hichlgan State Highway Depgrtment aslwall s bhe addition of fines
supplementing the fine aggregates. TheSB fines were added to increase
the denslty and workeblllty of the mix and s possible resuliant veduc—
tion in scaling. Short sections were lncluded to dehermine the relation
of sealing to mebhods éf curing.

| The methods for finishing and curing of concrete gtudies on
the projegt included the‘standard methods specifiled in the ppefiifics-~

tiong of the Hichipgaun State Highway Department.
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The curing swecifications inecludet
1. W@tie& earth
ﬁ, Wettad atréw or hay
Z. Ponding
4, Wetted burlap '
5, Asphalt emulsion
8. Cslolum chloride

In addition to these wethods curing by cut-back asphalt was
used on a sagtian for study, The study of the curing methods was in-
corporated into the p?aject only for the purposge of daﬁarmining$¥zla-
tive resistanaéigif%;g?ﬁame conerste under verdous curing methods.

Tha final finisﬁing operation spsecified in the Michigan Btate
Highway Deperiment standard specificatlions reguirem the use of g burw
lap drag. The methiod 15 described as follows: "As soon as alil excens
wmolsturs bhas disappeared and while it iz still poseible to produce a
wilform surface of gubtty texture,; the pavement sghall be glven a final
finish by dragging a gtrip of damp burlap over the full width of the
pavanent

In mooh onsez, this method produces & satisfactory non~ghkid
surface, bt 1t is observed under certzin conditions that an axcessz
,amouni of fine materdal gtill remains upon the surfmee. All stulies
of scaling seem to Indicate that this thin layer of materisl ls the
firpt to be displeced, Brooming the concrete with stiff brooms as a
fina] finishing éparation has been used by some highway engineers to
raduca the amount of fine superficlal materisl. However, soue sngine
sars have contended that this method provided groovas for the concen-
tration of gsalt solutions and a pesultant unsatiefactory condition of

sgpravated scaling. Therefors, it wap felt that a comparatlive sgtudy
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shounld be made of these two methods and obtaln comparative data upon
the two methodsg Brooming wae also inaluded.un partain mectionz of
biﬁuminaus.éuring, since in the papid,; these methods of curing provided
g rather slippery pavement for zome time after construction, and it
was hoped that & trial section of brﬁoﬁing would show how to overcome
thie difficulty T bituminous euring were allowed in the stendard
specificationn,

The research information seeured on the durability project
divides ltself into three groups. First, information obtained during
construction; secondly, observations under service and thirdly, speclal

sealing study,

Congtruction Observations and Dataz: Observations snd data

obtéineﬁ during construction ave yery impartanﬁ in the later intere
pretation of findings. Gonsequently, the observers wafe sdnonizhad 4o
follow insﬁrucﬁicﬁs closely and impressed with the imporﬁance of pree—
clas, wnbiaged and accurabe analyses, observations and data. The in-
formation procured during this perlod consisted of the followlng itemes
1. Boll sorveys. Soil deneity and molsture content.
o ﬂeﬁaarblégiCal obpervebions ineluding:

(a) Humidity

{b) Temperature

{e) Precipitation

{d) ¥Wind wmovemenb

() Evaporation
5. Daily progress report including irregularities
4, Meisture content and btemperature of Qﬁncrete on epeclal sactions

of curing. |
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5. Placing of concrete pavement.
- :

B, ﬁechﬂnical analysis of concrote to determine relative segregation.

7+ Special obaservatlons relative to final finishing methods and curing.

Obgervatlons in Services The reletive value of the varlous

factors may be prophesied by laboratory tests and obpervations during
construction, bub, the wltimate conclusions mush be determined by obw-
servations mads under actual service conditlons, Therefors, it is
planned to make psriodic visual exsminations together wlth messureasnt
of phyeicel condltions ag outlined In the above mentloned instructions.
These observations will include continuatlon of measurements of molsture
content, temperature of slab,but for ths most part will be concenlrated
upon the stody of surface sesling due to action of traffle snd climatic

conditions.,

Syecial Sealing Studyv: During the actual service 1lifls of 4the
pavenent and for a psriod of 5 to 5 years it is planued to study or obe

gerva gertaln sectlons of the projscht under the antion of loe and salis

in on accelerated menner,

The correlation of the obzervaiions made during construction
and achual sarvice tageﬁhef wlth the teab informati&n of the special
scaling study should enable the Resesrch Division to evaluate the many
facteors and deberine their relative importance under bthe conditions
fmposzed,

Tﬁa value of these sindies bo the Michigan State Highway De-
partnent will depend enbirely up&n the manner In which the findings are
applied to cur?aﬁt and stondardised practives It is hoped as goon ag

definite conclusiong are obtained they will be transmitiesd to the

various divisions concerned and if feasible the recomsendations will
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be incerporatéd in the gpocifications, In some cases, it will be
necessaTy to construct only a feﬁ‘prajscﬁg including these changes
anﬂ‘obt&iﬁ further substantiating deta as to the effsotiveness of
the mewar'practica; It 1s hoped that the fects and relationships
finally obtained from both the design and durability sections will
spslst in obtaining the whole answer to meny conbroversisl issues
and will‘ﬁarVE o aid the Wichigen State Highway Department as well
as éthar‘high#&y orgenizations in the development and lmprovement of

conerets pavementes,



