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5@mﬁanerh&s defined researeh as the proeessz of finding out
what is to be done when we gan no loﬂgef gontloue to do what we are.
now doing.

Generslly speaking, the reason we connobt alweys continue
in the enjoyment of existing eonditions is becsuse of the exereise of
somecnesn? lmagination in the form of repearch. The effects of ressarch
are pelf-multiplying and help to force develepment oul of bthe engineer
ing rute of precedent into which ws are accustomed to fall,

fcienee is buildt up of facle a4z s houss iz built up of
étanas; but an scoumplation of facts 1s no nore a aciéﬂae‘than 8 heap
of stones is a house. Sclentifie resesrch is nol 1tself a pelence,
it 12 still an ard or crefb; enginesring 1s not liself = scienece, it
is still an art or ¢raft ~ - bub it does seom %o be thad when resulis
of sclentific research ars combined with engineering practice the
smelioriation does bring aboub & trpe sclences

Research as applied o highway englnsering aight bs divided
iﬁta two general types, usually classified as fundazental and develop-
mentals. The first is divected toward obteining basie infornation and
the sstabliahing af ﬁriuniples and trends upon which preaaés&s and
technigue may be founded and developed. The second is directed toward’

the use of this fundamental information so as to produce ussbls




technigues énd proconses which can be pvaluated by service behavier.
The second phase mnight be lookesd upon as the smelivrating process
wiieh evenbually produces a selsndific fachd and a resultant melence.

Regeerch needg no further juatificstion ghen the resulie
obtalned lsads to the improvements and development which we ave wond
to res, topether wlith this change from ari to selence, of owr enginsar—
ing prectices.

The vilue of repesroh wvhen plseed on & fdollar and %@nﬁa”
besis 1s best demwonstreted in ihe mapmer which indusbtrial organizations
encovrags and finance such sebivitles. ZFastman Cowpany, General Holors,
Uensral Flectrieg, Hesiern Flectric and many othera gpend millions of
dollars yearly for research.  From 1212 to Hhe present day, the Zastmen
Comparyp? budget for research hes increased from pr&atigallg nobhing to
$8,000,000 per vear. Current resesrch expenditures for this compamy
represent 25 cents for every do%lar-af aarﬁinga

Pastman Compeny, ap many obhers; has recogmized that "resssrch
12 not like a sausags mill - - you can®t pub bralus in gne end and grind
oub profitable idemsg ad the otherV. It iz necsgpeary to accumisate rumall
ideas patiently, hoping sventuslly to it them together inbto something
blg. Five o ten years mighﬁ sl#pﬁa before the laborateory produces
pomething really worth while. The methods of reseurch are manmy and
devions, OFf this, Dr. Eees, direchor of ressarch for the Zagluen
Conpany, sayo: "Ressarch opens nav frantiers; ¥o ong can predict in

which direction the new fromtiers lis", The thing o éa,-ha ZHYS,
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"is bo let the ressarch men poke his inguisitlve nose into soms

problen ﬁhat.faéeinateé‘him, and Ghen follew it from fact to fact, no
mabier how far off the originel frack it lsade. The men who kmows the
nond sbout any project is fhe ssn 8.cing the job. The man Lemadiately

gbove Ma knows & little less, the research director conziderably less.

By the time you get wp io a commlitee of vice presidentsz, they know

precisely nothing®. It might be added, however, they do pesm Lo know
something about the benelits derived - ~ or glse why the large
appropristions?

| Briefly, we have dafined reseavch, its purposs or aim, we
have ‘iﬁtimated its value snd said something about Its methods. Let us
now turn to the Hlchlgsn Stadle Highway Depariment and comsider the %how,
why and wherefort of ;its razsarch program as carried on, pariiculerly
in the Research Divisien.

it i fortunaie for the peapls of the state of %?icizig;saa that
the present aduministralor of the Mlchigsn Efate Highway Department,

G"‘, Donald Kennedy, doez sppreciste the value of resesrch and encoursges
the development of faeilitiss for carrving on such work,

The Michigsn State Uighwey Department, over & pericd of years,
has shown more then average inbersst in the value of research snd has
conbribuled wlusble infamaaﬁan to the art and scisnca of highway
building. Howewvsr, the efforts have been nore or less spammodic with
work dirscied to the most urgent problems. In pome cusen, very luporiant

and veluables work was initiated, bul bagauss no asdeguats organisation |



existed which eould ﬁake long range observatlons to the snd of
ﬁﬂt&biishiﬂg.ﬁefinita conclusiong, the originel effort came to
proctieally neught, |

Creadlt musi be givaﬁ to the comsclentious workers who made
valusble contributions end it is not the intent to belitile thelr
efforts, bub rather ba noint oub the necessity of long range programs -
pragramé woll planned, wlbh aﬁﬂquaté persomnsl, eguipment znd Dunds -
to the end that the grestest good ney ba derlved, |

In l@ﬁg; & Research Dlvizion was institubed in the ¥iehigan
fhale Bighﬁay Dapartment cherged with the responcibility of creating
and earrying oubt a rscearch progran best zuited to the needs of the
highway engineering profession. Bpeclal empbools was %o be placed upen
the daslim snd constructlon of conerete pavemenits from the splandpoint
of strength, durability and amcnﬂmias;

;t wRE re#lizad that sueh & program wast be a long range
91&#, the gtudy of which should be made hy an adeguate stall spselally
trained in the fleld of highway ressarch, Alro, sbeh an opganlsatlon
should have proper facilities away from the Yegular routine of highuay
interpifice businesn., |

ifter & litils ower two years, the Research Divizlon hag put
under way o comprehenslve p?agr&ﬁ Ineluding the study of primary problems
pertaining to higher guality conerete and bitusinous pavements ag well
ag pubgrads chevacherlastles ané_sails shabilization. In regard to
sonorets pavenends éyeai&l lwportence iz being placed upon such subjects

as sealing, curing, design, incluwdlng slab thickness, spacing of Joints,
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Jaint design end cannrate:mix‘ésaigﬁ. The ehanges in charsctariptles

of binding wedium snd conceguent éavelapmenﬁ of epecifications for

‘binding material are belng considered under bitumlaous pavensnts,

Subgrade and Eﬂil‘étudiﬁﬁ‘iﬁﬂlnﬂﬁ nessurements of subgrada modutus,
raiatiﬁn of charscteristics of subgrade soil to supporiing value and
methods of soil stabllizailon.
af %haza various phases of work, I wish to diseuss or oublins

bri@fly%gﬁnme of oo ﬁark in commection with the desipn snd durability
of canﬁfata @ﬂVﬁmén%ﬂa

| In connection with deslgn, %ﬁ'hav@ $hros p&n%ls denieting
our sork. One, Lthe cansﬁxuctiﬁn of & vonerete road as & largs fleld
lsboratory in the study of dimémsiana& factors n design; another,
showing lshoratory studles of lead transfer deviess at jolnts in
concrote pavemenis; and the ather, &uﬁliniag & study of "subgrade
modulus®, an important f&ctar_iﬁ pevenent design.

Undar the mubject of durability, one pansl govers the cop-

struetion of a conerete rond adjacent to the design project for dfeter-

mining certain factors relating to durability of coperets, purticularly

sealing, another sha%ing laboratory stwdies in sealing and third, the
development of & method for deternining the ®breskdown of concrete®
In freezing and thawing by electriesl methords. |

The set-up of the bwo p&ﬁﬁlé deseribing the design and dura-
bility roaed project will be briefly oubtlined énd is completely described

in the bulletin on the Michigen Test FRosd, T belleve the movie which
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we have prepered will glve & more compreheusive 1dsa of iis scope and
MErpoBe, Hsﬁg Por the time being, let ue give more detalled stbention
Yo the faur*athar projects shown in our panels,

The subject of jolnts and ipad trensfer at joints bas been
S ﬂaﬁtraversiﬁl isgue for & number of years. %s are trying ia our
a%udy af this problesm to betier undersband the value of mutual support
at the ond of discontinucus sechtions of conerets psvement =zlubs, to
daternine the strength characheristics of methods end devices propossd
for mutual support and, lastly, to develop & fundamental thsory of
ﬁaﬂiéﬁ based upon thosgs chgraaﬁerisﬁiaﬂ In relatlion 4o ﬁhé allowsble
gtresres which msy be imposed upon s pevement zlsb,

In considering the design of san slasble ¥{lexible er rligld®
sleb upon & subgrade it iz necessary Lo know ﬁam&thing eboud the
Qelaﬁian of the Paubgrade supporting value® to the design of the slab
a3 well ap saﬁé nethod of msssuring it. ?aluahlé work on the relatlon-
ghip »f the éiah desizn to subgrade support has been curried onm by
obher invesblgators, slthough not complete, For the present, ws are
emnfining our efforke to davals;ing & mebthod for measuring this
?raperty of ﬁhﬂ subgrade, ans & factor in conerete pavament design.

| The daﬁign of a concrels ;&gﬁﬁ%ﬁi for strantural adeguiacy
le very im@arﬁani, us il th@.matariala from which we built 1t will

not remsin structurally intaet over the estimsted 1ife - ~ snd serious

malatsnance coshs are Involved - -~ then our problsz hes net besn

completely solwed. The movle will show you some phases of our work
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in.étuﬁying metheds for improving durabillty but I bslisve you will
bg sgually inﬁeresﬁad in some of our laboratory work 1n this
conasction.

Yo haﬁﬂ'knﬁ§n for some time that when "esloium chlorideY
and sodium chloride is used for ice remowel on conerete pavemends
sealing of the sladb surfas is accelerateds In order to determine the
besh method for owbing this deterloration, it is first necessary to
sy thé varlows factors perbalning to pealing, It has baen ghown
by field survey that approximately 10 percent of the surface of concrsie
glsbs have sealed in #ichigen. Sealing in mort cases has nol besn
gerious ﬁartha podnt of Influencing the structural efficlesacy of the
slah,'hué thare s reasaon to balleve that ﬁaa?g sgaling over a perled
of time would affest 1t.

The preliminary studlss and congluslone are wsll shewmn by
the panel which we will discwss briefly.

In connecblon with the leboratory studies on the durability
of congrebe and its velation to tendenty to seale — - valusble use of
the *ponic® apparatus hes been made bto debormine changes in modulus of
elasticity in relation to the mumber of Tressing snd thawlng cycles

and thus estadlishing a relative index of reslstancs,
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i in some things I dissent from otherps, whoss wliy, industry,

diligence snd judgment¢ I look up at snd adulre, leb me not thersfore



hapr presently of ingratitude and rashmesg. For I tlmuk those that
have taught we,; and ever willy bub yel dare not trkek %hatséegs of
their labowr snd inguiry wes %o envy bheir posterlty what they alse
could 838 and find oub « » » o LF I o7y, pardon mes “Ha_art is-
Sizooverad at ones end sbsolubely I 4o not deslre to be sgual to those
fnat went before; bub 4o have sy reuson examined with thelrs . 4 o 4
If I bave smything righty defend 1t ap "Iruth’s; not nlne, save as

1% wonducebh tﬁ a copwmon goed « 4 . »  Cland for truth and M4is
grought . ' ll Bep Jolmpon, "Discoverier Hade on Hlen apd

Havber®, (1641)
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5T¢ the truth were admitbed, it would probably revesl

Ahat meny of the morlds preat selendifie diseoveriss as well as a

majority of the legver developmenbs in the verdous branches of
enginesring ariginiataﬁ‘wiﬁﬂ gomebady trylag an axpefimséé Biust
for fumP. The iden af some genius warshelling a test tube and
alide rule offensive sgainst some obrdacle to hmman progrezs 1s a4
prebty ploturs, bub it ip largely lmaglnative ra'ri-: pa’iﬁ.!%t%ﬁi‘ afber
the fact® - - Engineering News Record Editerial, Y¥ovember 8, 1841,
in pommenblng tn a thin stesl plate elinie building recently tudld
by bhe Chlcago Bridge and Lron (ompany for the ewployees of the

Conpany .




