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FUNDAMENTAL PRINCIPLES AND FACTORS
EMBODIED IN THE MICHIGAK TEST ROAD
: _ by
J» We Rushing, Reseaich Fnginesr
 Wichigan Btate Highway Department
The Michigan Test Road previously mentioned in the November 1940
igsue of Roads snd Streets, has been compiete&‘ The‘projeet'was constructed
under regular contract and construetion procedure uging‘the ﬁichigan State
Highvey Department 1940 plans and specifications with necessary supplementals.
The test road is located on M-115 bebween Farwell and ¥-86 and conslsts of
17.8 éiles of 22-foot width concrete pavement, The projeet is essentially
divided into two sections, one for a giudy of daaigﬁ‘prlnciplesg and the
other for the study of &urabilitj factors particularly‘in regards to sealing.
Thig article conétitutes & gummary pertaining'to the construction of the .

test road and 1llustrates the principles and factors embodied in the project.

DESIGN STUDY

The structural a&aquacy:of a concrete pavement slab from the
sbandpoint of sbrength and permanancy is influenced by the feastures of
design which determine its contimuity and di@ensidns, The features whieh
wéra given stuﬁy in'the design section of the Michigan Test Road were Joints,
eross—saction'dimensiona and reinforcings

Joints have béen one of ﬁhﬁ most controversial subjects in the
design of concrete paveﬁents. Therefore, they were glven congiderzbls
attention in the Mlchigan Test Road., Emphasig was placed upon joint spacing,
expansion space and joint construction. Several different spacings of ex-

pﬁnéion joints from 120 feet to 2700 feet were used for wvarious cross-sestions



and various amounts of reinforcing stesls. Gorrespondingly, various spac-—
ings of cqnﬁraction‘joints from 10 to 80-foot iﬁtervals_wara useds

The proper apaciﬁg'of joints will be determined by parmiasible'-
paximm gtress intensitigs induced by linear frietioﬂai restraint aﬁd flexus -
ral weightrrestraint; |

| Various types of expansion and énntraation jqinis ware installed

to evaluate iaad transfer and the preservation of mutual elevation of slab
ends. In this cenneetienf‘a gtudy of thickeneﬁ_slab‘eﬂds,at expansion
‘jointa,-és well as the effectiveness of-aggregaté inte:lpck at contraction
joints will be studled. In this project a study of required expansion space
for different spacings will also be Eadg. |

In regara ﬁa the design of the paveﬁent slab itself, thought hag
been given io tha gtudy of reduced thickness on prepéred subgrades, and
sgulvalent uniforn thickness versus the balanced crogg-gsegbion, In this
resPaét, four different types of cross—seetlons were set up for study en
this_projecﬁ; namely, G%-7%-9% Michigan State Hlghway Depgrtmenﬁ stendard
eross<section; 8% uniform, the approximate equivalent of 9"-TR.gh, 8%-E".g"
a reduced eroms-section which might be used on subgrades of sufficient
. supporting valusy and 7" uniform.the approximete equivalent ef.the gr.gR.Be
erogg-section. |

In planning the Michigan Test Road, it was feld that a study of
roinforeing steel should be included because of the nany wnanswered quesiions
concerning its use among which ares (1) the amoumt of reinforcing steel re—
guired, {2) economics of reinforeed pavement versus unéeinforced pavenent

with adequate joinbing and (3) the relation of plain waiform cross-section



to reinforeced "balanced® cross-section. To this end, sections were cons
gtructed using 9*-7¥-9%, 87 and 7" uniform crosg-section using plain conereie,

ghd reinforced concrete with 80 pounds pér hundred sguare Feet mnd 37 pounds

‘per‘hundrad gguare fbét.

For proper éppraiaal of the structural efficiency of the elsments
of degign econsidered in this projéﬁt, peripdic visual examinations together
with measurement of displacements and physical conditions must be made,

Throughout the entire project, special measuring devices and refer—
ence pointe have been installed including: (1) eléctrical strain gauges for
measuring stresses, {(2) tharmocouples for temperature stuﬁieé, () moisture
cells for determining moisture content of concrete and subgradé soil, (4)
reference monuments for deteeting slab movement, (5} reference points for
meaguring changes in joint widbth, (8) elevation points for mé&suringzchanges
in Joint wi&ﬁh, (7) meteorological sbation for cbtaining complete record of
weather eonditions and (8) & traffic counter for recording vehlcle movement
over the test road. | |

Incidentel with the construction of the Test Rbad, additional -
studies have been made which sre of particular interest to the ﬁiehigén’&tate
Highway Department anﬂ'per%iﬂent_to the improvement of‘éoncfete pavement con—
gtruction. They aret stress curing of concrete, mechanical spreading of
conerete and the use of various types of joint séaling materiela.

The design section of the Iiiehigan Test Road eoincides in & general
way with the Public Rozds Administrationts plans and procedure for construc~
tion of experimental roads whieh were submitted to various stafe bighway

organizations in 1940, The purpose of this experimental work 18 to study



the desired aﬁacing of fransverse expansion joints in concrebe pavements
and the amount of expsnsion space reguired per mit pavenent length, and to
gtudy the effleiency of dummy contraetion jolnts with and without dowels or
cther dévices for the transfer of load.

A mors comprehensive description of the desipgn phase of the Michi-
gan Test Road will be found in the 1940 proceedings of the Highway Research

Board,

DURABTLITY STUDY

The dursbility seetion was ecnsﬂruﬂted to maks observatiena‘under
pervice, of factors which had been determined by other investigalors or in
laboratory gtudiss of the ﬁasearch Division, that might be effective in the
prevention of sealing. The purpose of thls pavement was not only to make
observations under service conditions but to afford a field laborstory to
obtain accelerated action of chloride salts or iee on conecrete pavements and
the étuﬁy of resultant action. The durability study project entsils a length
of approximately 7.& miles, The 1oca§inn,is idéal from a gtandpoint of aver-
age weather conditions in Michigen and the length s sufficlent to reduce thé
variables of construction +to a minlmm for eaeh factor investigated. The
supplemental specificatiéns covered details for all variables u;uﬁﬂal o
Michigsn State Highwaﬁ Department speclfications. The ineluded cements, ad-
mixtures, mlx designs, methods of econstruction whieh prsliminary iaboratary
studies indiecated to possess characterigtics favorable to the prevention of
scaling,

| The gements used included two brands of regular portland cementrés
nornally nsed in the cﬁnstruction of concrete pavements in Miehigan, Admix—

turss included the use of certain propietary materials known as Plastiment,
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Pozzclithg Orvus and Vinsol Resin. " Natural cement was alsmo included, which
was ground with end without the use of caloium stesrabte. Mix designs in-
cluded the regular proportlioning as determined by the material speeifications
and the mortar void design method of the Michigan State Highway Department,
as well as the addition of fines supplementing the fine aggregates. These
finesg weré-added to increase the density and workabilify of the mix and &
péﬁSiﬁle regultant reduction in sealing. Short mections were included to
dstermine the relation of sealing to methods of curing.

The metheds for finishing end euring of concrete studles on the
project included the standard nethods specified in the specificabions of the
Eichigan'St&te Highway Deparitment.

The curing specifications include: fl) webted earth, (2) wetted
straw or hay, (3) pbnéing,.fé) wetted burlap, (5) asphalt emulsion and (6)
caleium chloride.

In addition to these methods, curing by cut-bhack asphalt was used
on & section for study. The étﬁdy of the curing methods wag Incorporated
into the project only for the purpose of debermining the relative resistance
to gealing of the sams conefete under various curing methodss

The final finishing operation specified in the Michigan Stéte High-
way Department stendard specifications requires the use of a burlap drage.

In most cases, this method produces a satisfacbory non-gkid surface,
but it is observed, under certain conditions, that an excess amount of fine
materiai still remains upon the surface. ALl sbudies of mealing seem to indi-
cate that this thin layer of materiasl is the first to be‘displacéd, Broowing
the concrete with #3iff brooms as a final finishing operation has bsen used by

some highway engineers fo reduee the amowmt of fine superficial meterial.
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Howevery some englneers have contended that this method provided grooves for
the coneentration of salt selutions and a resultant unsatisfactory eondition
of’ag-gravated sealing. Therefore, it was fell that g comparative study should
be made of these two methods and obltain comparative data upon the two methods.
Brooming was also included on certain sections of bituminous curing, since in
the past, these methods of curing provided & rather slippery pavenment i‘or soma
time after construction, and it was hoped that a trisl seetion of brooming
would show how to overcome this dlfficulty if bituminous curing were allowed
in the standard specifications.

The ressarch information secured on the durability project divides
itself inbo three groups. Firgt, information obtained during construetion;
secondly, obssrvations under service, and thirdly, special séaling studya

Consbrueblon Observations snd Datat Observations and data oblained

during construction &re very important inAthe- later interpretation of findings.
Consequently, the observers wers adwmonished to follow instructions cloesely
snd impressed with the lmportance of precise, unblased and sccurabe analyses,
observations and data, The informetion pi‘ocured during this period congisted
oi‘ the follewing itemsi
1. Soll surveys. Soil éensi‘by and moisture content.
2. Hebteorologieal observations including: |
g+ Humidity
be Tempersbura
cs Precipibation
ds Wind movement
e. Evaporation

3. Dally progress report including irregularities



4. HWolsgture combtent and temperature of concrete
on gpecisl geectionz of curing.

5. Placing of concrete pavement«

6+ Mechanieal enalysis of conerste to determine
relative segregation.

7. Speclsl ocbservations reletive to finsl finishing
methods and curing.

Obgervations in Serviees The relative value of the varicus facbors
way be prophesied by laboratory tests and obsemtiomé during coustruction,
but the wltimate econclusions must be determined by observations made undedr
actual service conditiﬁnsw Therefore, it is planned to melke periodiec visual
examinations together with messurement of physical'éondiﬁions as outlined in
the above mentioned instructions. These observations will include continue
ation of measurements of‘mﬁisture conbent, temperature of slab, but for the
most part will be concenbrated upon the study of surface scaling due to ackion
of traffis and elimstic conditions.

Bpeeinl Sealing Study: During the actusl serviee life of the pave—

meﬁt and for a pefiod of B to 5 years, it is plamnned to study or observe.
cerbain sections of the projsct umder the smetion of ice and salts in an asccel-
eratea mannels,

The ccrrelatiQn of the obpervations made during construction and
gotual service together with the test information of the special scaling
s£u§y‘should engble the Research Division to evalnabte the msny factors and
&etermina.thair relative impartgnce under thé conditions impoged.

In conducting the sealing study definite pavément sechions 120 feet

in length were chosen with respact to the varioug conerete mixtures and surface



treatnents involved in the construction of the pavemant; In =ach section
two areas wére dyked off, each ares being 3 feet wide and 12 feel long.
The dyked areas were established along the east edge of the pavement and
parallsl to it. ‘Safety precautions were maintained day and night t0 warn
traffic‘of the presence of the test aréas and to prevent sccidenta,
| Two dlfferent types of accelsrated fesh methﬁds ware cmployed.
In test area PA®, a 10 percent solution of czlcium ohlorida of 1/4-in9h
Minimum depth was applied and allowed to remain in plsce 5 days. Ab the
end of thip period, the solution was remo#ed, the panel flushed and waber
applied to a depth of 1/4 inch., After the waber bad frozen, the ice was
melted by an application of B paunﬂs of flake celelum chloride per ares..
When the ice was decomnaqe& 1t was removed from the test area, the aurfaea
was flushed and allowed to rast ons dey befare campleﬁinﬁ the next eycles
' Test arsa "B" received a different treatment, Water was applied
to the tegh erea and sllowed to freeze over nlght. The following moraing
the ies was melted by distribubing calciumlehlorida over the area &t the
rate of § ﬁaunds per area, When the lce was decomposed it was removed from
the test area and the surface was floshed, PFresh water was applled %o the
test ares and the freezing and thawing cyele repeated. On the basle of the
guantity of water resulting Ffrom the melted lee in each tesh areay 1t was
calculated‘that 5 pounds of flake ealéium chloride wonld be sufficient to
preduce a 10 percent golution, | ,
It is proposed to carry on these tests for several ysars to deter=
mine what effect age has on the ability of concrete to resist freesing, thawing
and ealeivm chloride {reatments. To this snd, no calelum chloride has been

applied to the durabillty seetion of the Test Hoad. Fach winter the tesd
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areas will be establishéd in the same gection and sdjscent to the previous
teat areas., .

~ The first of the peries of sealing studies which wers condueted
during the ﬁast winter have been complebad, The results obtalned sgo far
indicate that eertain treatments of the counerste or its ingredients will
tend-to influsnce the ability éf the concrete pavement to resist sealing
’cguaed by the applleation of calcium chloride for ice removals Prelimlnary
eonclusions tend to show that the ability of concrete to resist scaling caused
. by the action of chloride salts can be materially improved by the addition of
cortain additives, This is partiéularly true of Orvus, Vinsol Resin and
Caleimm Ghiorids*

The value of thege sﬁu&iés to the Michigan Sﬁate Highway Departe
ment will depend entirely upon the manner in which the findings are applied
té current and staﬁd&rdiaed practice, It is hoped as soon a8 définite SO
glusions are obtained they will be transmitied to the various divisions con-
cerned and if feasible, the recommendatlions will be incorpo:ated in the
speclifications. In some cages, it will be necessary to construct only a few
projects inclﬁding ﬁheéa changes and obtain further substantisting data as
to the effectiveness of the newerapractice. I% is hoped thet the facts and
relationships finslly obtained from both the desizn and durability sections
will aselst in obtelning the whole ansgwer to many conbroversial issues and
will gerve to aid the Michigan State Highway Depertment, as well ag other

highway organizations in the development and improvenent of concrebe pavements,



Titles of Pictures attached to original article

1.

2e

3.

b.

6.

7.

9.

1G.

Mechanical Handling of Concrete

8ubgrade Modulus Study
Eguipment set up to detenmlne bearlng value of
subgrade

Expansion Joint Study
Method of megsuring joint opening

- Slab Movement Study

Measuring Slab Movement

Electric strain meter assembly for messuring
stresseg in pavement glab

Slab Movement Study
Thermocouples and moisture cells for deternining
changes in temperature and moisture content

Finishing end Curing Studies

Study included ponding, wetted earth, wetted straw,
wetted burlap, calcium chloride, and Water—proof
membranes.

Finishing and Curing Studies
Brooming of surface

Concrete Scaling Study
Accelerated scaling of concrete in test panel,
size of panel 3% x 12!

Concrete Scaling Study
Unscaled concrete in test panel.



