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MICHIGAN TEST ROAD

Conclusions obtained by theoretical forﬁulae on concrete pave-—
ment design according to man& contemporary authors are not coﬁpletely
substantiated By practical obgervations in certain localities or under
varying conditions. If it be true that there is a disparagement between
these conclusionsg_and practical observations of certain icealities — then
before any locality can accept such conclusions it is necegsgary to deter-
mine the causes for such differences and, where necesséry, determine tﬁe
proper conclusions for the given conditions. This status and the desire
to improve practices impelled the Michigan State Highway Depertment to
construet an experimental concrete pavement which would embody Certaih
modern theories of desgign and methods of construction. The decision to
build such a r@ad‘was made prior to the submission by.the Public Roads
Administration of plans and procedure for construction of experimental
roads to various state highway organizéfions- For this reagon the =set up
is not entirely in agreement with the aforementioned plans. Howeve:, the
plans of the Wichigan Test Road coincided in & general wsy with the Public
Roads Administraﬁion outlined procedure and necessitated only a few changes
to correspondlwifh other similar studies. |

The road was constfucted on M-115 in the north eentral part of
Michigan's l0wer petiinsula and entails a2 length of approximately 10.7
miles. This is of sufficlent length fo reduce the variables'of construc—
tion.to a minimum for each feature investigated. With the exception of =

few thousand feet of clay ﬁnderlying a one-foot sand ecushion, the entire




project was placed on a uniform sand subgrade constructed in 1937. This
subgfade condition'insurea a uniformity in density and friction which will
introduce few varimbles in the final asnalysis. The location of this
project 1s ideal from the standpoint of grede, aiignment and average
weather conditions of Michigan. The maximum grade.is 0.65 per cent, the
maximum cﬁrvéture 0°45' with an‘apﬁroxiﬁate length of 3.500 feet.. The

- gxperimental project was éonstructed ag a 22-foot width road under regular

contract and construction procedure using the Hichigan State Highway De-

partmentts 1940 plans and specifications with a few supplements. The con-

crete aggregate wag supplied from a local gravel pit of glaecial origin
common tb Michigan. |

For the purpose_of this report, the plamning and copstruction
of the experimental road may be divided into three groups namély, fea—

tures of design, methods of messurement and incidental studies.

Features of Desigﬁ

The structural adequacy of a concrete pavement slab from the

standpoint of strength and permanency is influenced by the features of de-

gign which determine its continuity and dimensiong. The features which

were given study in the MHichigan Test Road were joints, cross section di-

mensions and reinforeing.

Joints: The most desirable concrete pavement would eliminate a1l
transverse joints both expansion and contraction, but because of the nature
of ccﬁcrete, joints are a necegsary evil. Joints have been one of the
most controversial subjects in the design of concrete pavements. Therefore,

considerable attention was given to this subject in the Michigan Test Road.




Emphasis was placed upon joint spaging, expansion space, and joint
‘construction.

Spacing: The primary end in the design of joint spacing
should be the minimum use of joints particularly for expsnsion. As each
joint breaks the éontinuity of the concrete pavement and incorporates &
new weakness, the maximum slab length should be used. Beczuse of the ne-
cessity.of transverse joints the pavement requires & design to approach a

contiguous glab resistant to static and natural stresses.

Expansion Jointe: In the Michigan Test Road, expansion joints
were spaced to give sections of 120 foot, 360 foot, 480 foot, 600 foot,
900 foot, 1800 foot and 2%00 foot lengths for various cross sections and
various amcunts of reinforcing steel. In addition, 300 foot sections were
constructed on 7 inch and & inch uniform pavement without reinforcement
steel. Since the project is built over a uniform subgrade, the findings
should ensble us to determine a selection of proper slab lengths for the
various pavement designs.

Closely assoclated with expansion joint spacing is the require-
ment of expansion space. A one—inch joint width was maintained for the
various lengthe of slabs. Tests on joint width movement will be a primary
factor in determining the necesssry expansion opening. 1In the cage of
long expansion jolnt intervals, relief sections sre placed between each
slab éection and will relieve any movement in excess of amount provided
for in the expansion jeint opening. It ig not expected that the fequired
expansion space will be a direct function of the unit length of slab but
né arbilirary opinion will be made ait this time. Rather the resulis of
the investigation on the project will determine the relative slab move-

ment versus slab lengih.
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Contraction Joints: As in'the case of expansion joints, contrac-
tion joints ére essential in chéréte pavement congtruction to relieve the
sléb of excessive stresses. The spaéing of the coniraction joints iz deter-
mined by the maximum length of slabs that elimiﬁates the poseibility er
trensverse crack occurrence intermediately between contraction jolnts due
to tempgrature, moisture and subgrade reactionary stresses. Determination
of vroper contraction joint spacing will be obtained from the analysis of
the varying glab lengihs which have been constructed at 10; 15, 20, 30 and
60 foot intervals. These varying spacings have been included with the con-
gtruction of the various cross sections and expansion joint spacings as
descriﬁed'above and shown in aetail on composite chart.

 Wezkened plane Mdunmy" joints alsc are included in some of the
sections and are placed at 15 and 30 foof spacings for 8" —6" 8" and
gn 7r -9 eprogs section ?avement using 37 and 60 pounds per 10d square
feet reinforcing steel. This type ¢f joint is used in Michigan construe-
tion as Standard practice and an bpportunity ig afforded to evaluate =
weakened plaﬁe joiﬁfs with contraction joints at close spacings.

The proper spacing of joirts will be determined by permissible
maximum stress intensities induced by linear frictionsl restraint and
flexural weight restraint; whereas the detailed design features of the
joint itself are determined by the desired structural intersction be-
tween jointed slab units.

Design: The ﬁeSign of joints necessitates congideratlion of sfruc;
tural featﬁres which will enable the joint to'perform the function for which
it is inteﬁded. imong which are freedom of movement for expansion or con-

traction, flexibility and loazd transfer where necessary. Together with




these functions; consideration must be given in the joint design so that in
congtruction adequeate seal can be affected to prevent infiltration of water
and foreign matter. Although these phases were not of major importance in
this project, Sevetal units of various types of expansion and contraction
joints were installed. Thesge installations were made with the intent of
" determining their design weaknesseé in order that a more perfect joint
rmight be developed.
In connection with the study on expansion joints, the efficiency

of dowel bars znd other load transfer devices will be compared with thickened
edge joints for balanced design of pavement.

| In conjunction with thg contraction joint spacing investigation,
various load transfer.devices were installed together with dummy contraction
jolnts having no feature for transference of load. Four mejor tjpes will be
Studied,-first, aggregate interlock with load transfer which involves the
use of coated 3/4 inch round bars 15 inches in length at-15 inch spacing
transversely. Either a groove or ribbon type weakened plane 2-1/2 inches
deep is used to control craci development. The aggregate interlock which
results from the crack forméd below the wezkened plare aids' in the trans-
ference of load when the'jéint ig in é closed econdition. With the joint in
an open position, the slip dowel baré function independently in the distri-
bution of-load stresses. |

The second type ofrcontraétion joint is esSeﬁtiélly the same as

the first with the elimination of slip dowel bars. In this {ype of construc-
tion, the transfefrof load is depéndenf entirely‘upén aggregate interlock.
In effect,.the ends of abuttiﬁg slabs act as free units when the joint is
opén, and perforﬁ no lead transfer across the jolnt. Load_transfer.is ob-

. when .
tained only/the joint is in = closed gondition.




The third type of contraction joint makes use of the 3/4 inch
dowel bars withoul any assisztance from aggregate interlock. This was
.acCQmplished by instailing joints with a metal divider plate to insure a
vertical division of the slabs with load transfer through siip dowel bars
-only.

The fcurfh type‘consiSts of 2 continuous plate dowel with & metal
dividing strip. Thié‘type ig intended to provide more uniform distribution
of load transfer.

In some cacges, both in éxpansion and centraction joints, corner
bars 1 inch in diasmeter by 18 inches in length were used to maintain mutual
elevation of the slabs.

These installations shomld énable us to evaluate load transfer
and preservation of mutual qlevation whén using aggregate interlock,
aggregate interleock plus load iransfer ﬁevices énd independent load

transfer devices.

CRGSS SECTICN

In the design of a pavement slab on the basis of siress analysis
many factors must be concidered. The comple# manner in-which these factors
are inter-relatsd and the value of the factors has provided z very contro-
versisl field.

It was believed, by the planners of the Michigan Test Road, that on
certain types of sﬁbgrades providing better than average suppért, reduced.
thibkness of pavement might be used. Also, it has been argued that equiva-
lent uniform thickness pavements are pérhaps more satisfactory and econo-
mical than the balanced cross sectiong; for example, a uniform thickness

pavement deésigned to resist transverse edge stresses requires no joint




strengﬁhening whereas the thickened'edge type cross section demands Strengthw
ening for a balanced section. It was hoped, in the planning of the Michi-
gan Test Road, that some of these factors could be measured and some of the
complex relations studied and simplified. Therefore, four different types

of cross seciions were set up in the study of this project némely, gn_ryn_gn,
Michigan State Highway Department standard croés seciion; 8" uniform, th;
aporoximate equivalent of 9M-7W-9n; gr_61_8" o reduced cross section which

might be used on subgrades of sufficient supporting value; and 7" uniform,

the approximate eguivalent of the preceding cross section.

REINFORCEMENTS

Elabcrate surveys have been made upon concrete pavements.to determine
the value of steel reinforcing in concrete pavements. The results from
such surveys have again opened up a controversial field in regards to the
design of conerete pavements. Although the proponents of plain concrete
pavements can present many plausible arguments, there afe many unanswered |
questiéns._ Among these_unanswered.questions are:

(1) Relation of plain uniform cross section to reinforced

"balanced" cross .secticn.

{2) FEconomics of reinforced cross sections of both types versus

plain cross sections with adequate jointing.

(3) TWhat is an adeguate amount of reinforcing steel?

It was felt in planning the Michigan Test Hoad that inasmuch as the length

of the project allowed for comparativelyrlong stretches of both types of pave-
ments to be constructed and observations could be made under identical con-
diticns, perhaps. some of the questions might be answered. To this end,

sections were constructed using 9%-7"-g"; 8"-6"-8"; 8" and 7" uniform cross




section using plain conerete, and reinforced concrete with 60 pounds per
hundred square feet end 37 pounds per hundred squérelfeet. Jolnts were

spaced in the manner as described under 'Joint Spacingst?.

METHODS OF MEASUREMENT

For propesr appraisal of the structural efficiency of the elements
of design considefed in this project, periodic visual examina£ions to-
gether with meésuremént of displacements and physical conditions must be
made. The prégram of observations as set up by tﬁe Pub;ic Roads Adminis-
tretion will be adhered to. Therefore,';nly the methodé of-meaaurement
used on the Michigan Test Road will be discussed.

DISPLACEMENTS

The dlgplacements which occur in the various design sectlons are af-
fected by volume change of concrets, superimposed loads and subgrade dif-
ferentials. These displaceménts are determined by change in joint width

and slab movement horizontally and vertically.

Joint Width Change: Joint opening and closing is measured on reference

points which are holes drilled in heads of galvanized roofing nails. &
Sterrett micrometer caliper reading to 1/1000 inch was adapted for taking
mneasurements. The initial readings were taken fhe morning following the

placing of the conerete pavement and subsequent readings for dalily, sea-

sonal and permanent joint width determinaticns will be made as per schedule

similar ihsofar a8 possible to the Public Roads Administration ocutline.

To insure accuracy of the readings and avoid any criticiswm of the results
in the use of roofing nails as referencé points, in one section consisting
of a days pour, a series of comparative brass plugs'weré instelled, held

in place with sulphur. Coincident readings will be taken at these points

_g.




and if variétions develoD that have been caused by corrosion of the nail hesds,
“the entire project'will be replacéd with brasgs plugs set in sulphur. In this
manner, the'accuracy of the resulté will not be affected and initial readings
will have been determined that exclude the pdssibiiity cf an unrecordeé early
joint width movement. Thus, a definite permanent deformation of the conerete
pa#ement is established whereas the placing of plugs a day or two following
the placing of the concrete pavement would not include the early movement of
the concrete siabs.'

Slab Movement: Practically ail of the joints being studied for width

rnovement have precise level reference points consisting af 5/16 inch by 2-1/2
inch carriage bolts, set in the concréte &t the time of the comsitruction of
the pavement to determine the vertical movement at the joints. Intermediate
reference points were set in a number of siabs. . The day following placing
of the concrete, the initial elevatiqns.of all points Wefe established by
precise level meagurements. During this coming winter, preferably a uni-
formly cold period, a compleie set of levéls will be run. This will be re-
peated dﬁring the summer of 1941, sglecting a uniformly high temperature
period. In this ﬁanner, the extremes in temperature varlaticn and their ef-
fect on the concrete pavement will be established. Three yesrs following
the construction of the design project, a third set of levels will be run
for cobservations on permanent vertical slab movement.

The relative horizontal movement of varlous concrete pavement slabs
will be measured in conjuﬁction with the vertical displacement and at such
other times as may be necessary. 7To cbiain the accurate measurement of pavement

movement, an 8 inch pipe casing was set in the subgrade to a depth of 6 feet,



the interior of which is e#cavafed. Centered in the casing is a 2 inch pipe
to a depth of 12 feet below the concrete pavement on top of which is placed
é chrome plated pipe cap having reference cross hairs etched in the surface.
In this manner the shifting of subgrade soil due to frost action or slab
movemént will not affect the original position of the reference ﬁipe. A
gspecially designed monument box, containing a machined bragg bushing to hold
a glass plate having etched eross hairs, set in a brass ring, is cast in‘the
concrete immediately over the 8 inch casing. With a telescopic instrument
sc constructed to permit adjustments both longitudinally ang transversély

in respect to the concrete pgvement, the increments between sight on refer-
ence pipne and reference plate can be measured to 0.1 mm. A line of sight

is established at initial reading parallel to center line of pavement at
lecation of monument boz and the ingtrument attached on a tripod_which can
be repéatedly set up with a pogiiive aspsurance of accuracy as ito position
and alignment. This feeture of the deslgn study incorporstes observations
on seventy-nine of the deseribed installations.

PAYSICAL CONDITIONS

Physical conditions which must be measured mey be classified as those
which affect glab movements and those which are the result ¢f slsb movement.
Thege conditicons which are being measured In the Michigan Test Road are;
temperature of cohcrete, moisture content of concrete ard subgrade, strain

in cancrete, subgrade bearing capacity and metecrologleal conditions.

Témperature of Concrete: The te peraﬁures of the conerete pavement and
subgrade'ére determined by the use of thermocouples embedded in the concrete

and subgfade. For the psvement slsb they are placed every inch through its
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depth beginning one inch from the surface. GSubgrade temperatures are made
at the following depths below concrete pavement, 1, 3, 7, and 13 inches.
four sueh layouts were instelled 5 feet 6 inches from the edge of,ﬁhe
pavement -at critical points in the design project. 2t one of these loca-
tions two additional thermocouple assemblies were embedded as described
above with the excention tha£ the distance from the edge of pavement was

1 inch and 10 feet 6 inches respéctively in order to obtain temperatures at
extreme edge and center of slab. A1l the thermocouple junctions were cust
in lead after twisting and brazing and the point of éntrance of wire leads
into lead plug taped and sealed with asphalt. This was done to insure true
temperature readings ﬁithout being affected by molsture leaks. Al the
thermocouple wires were entered through a common conduit into an electrical
outlet box at the edge of the slab. The iron wire leads are connected to
one pole and constaniin wire leads tc individual poles of a plug-in typé;
The 32°F. constant temperature cold junction method is ﬁsed to ascertain
regigtances. Rapldity in the reading of the tempefature resistance ig ob--
tained by this assembly as the jron connecting lead is plﬁgged intc the
common pole and requires only the change on the constantin wire lead for
Leach reading.

. Moisture Content: At the same locations of thermocouples, meisture

cell assemblies were also instslled in the concrete pavement and subgrade to
-accurateiy measure molsture ceontent. The meisture is, determined, coincident
with the temperature at similar adjacent positions in_the slab and subgrade.
The cells uped for measuring moisfure content consisted of two exposed wires
separated one inch and cast in chemiczlly vure plaster'of‘Paris to form

blocks 1/2 inch by 1-1/2 inches by 2-1/2 inches approximately. The moisture
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bridge measures the Tesistance in éhms of potential from one pole to the

other and the moisture cbntent of the cell being inversely proportional to

the resistance. BExtensive lzboratory tests show that accurate determinations

of the moisture in concrete can be made in direct relationéhip to molsture

content of the meaéuring cell. The temperature and aée of the concrete

create variables in recording the moisture but a romograph has been con-

structed for adjusting the resistance readings for such variations to ob-

tain the true moisture content of the concrete pavement. In the subgrede

a correction curve designed for temperature differentiais dnly is neceasary.
Both the thermocouple and molsture cell assemblies are so spaced in the

design project-aé to eliminate large time losses when meking other observations.

Strain in Concrete: The measurement of strain in the concrete is

being made both at the neutral axis and at the surfsce of the slab. These
measuremenis are being made at special locations to determine differences
in tensile, compressive and warping stresses for varioﬁs spacings of expan-
sion and contraction joints.

The interior strains are being measured with the Oarliscn electric
' strain meter. Strains and temperatures of CGncfete are detérmined by the
use of this device. This meter consists of very fine eiaétic music wire
threaded on small porcelain spools that are rigidly secured to steel bars
connected one to each end of the meter. One coil is immeﬁiately within the
other but notAteuching it. The elastic wire is placed 1n position under
tension and when-ihe meter is under compfession, the oulter c¢oil is relessed
and the tension of the inner coil is increasged, or vice versa for tension.
The wire coils are at equal temperatures which is important as a 1/40°

change introduces considerable error. Due to the linear relationship between
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resistance and tension, the resgistznce ratio is changed in direct proportion
to the change in gage length. The colls are connected tc a portable testing
set, forming a Wheatstone bridge circuit. The strain meter is covered with
a metal shield to protect it against moisture leaks. and is embedded in the
-eonicrete in this ménner. Twenty—sik such meters have been placed at fhe
desired locaticns in the design project to determine strains and {empers-
tures iq the various concrete pavement secticns.

Imnmediately over the Carlécn strain meters and at a few aéditionai
iocations surface =irain measuremenis are being determined by use of the
Berry strain gage. In this mannef,'stress diffefeﬁiials between the sur-
face and iﬁteribr of‘concreté pavement can be analyzed for temperature and
moisture'changes.in the concrete.

Subgrade Bearing Capécity: During congtruction of the project, sub-

grade tests of densitj and moisture content were eonducted. Subgfadé bear-
ing capacity tests were conducted pfior toc plecing of fhe pavement and check
tests are contemplated through openings cored in the concrete pavement at
therlocations of the original testé. In these determinations, 10, 50 and 100
squaré inch area circuler plates afe used. The static load wés applied through
a hydraulic jack from a loaded truck. The résisting lcad was recorded by

a dynamometer ring with a dial'senﬁitivé to 1410,000 inch deflection of

the ring. Thé penetration of the platg was measured with three 1/1,000
inch.dials equally spaéed.around the eége of the plate. Bearing values

are established for each size plate with and without a superimposed load
-surrounding the plate eguivalent to the weight of the concrete slab over

an area affected,by.slab'weight in respect to area of plate being loaded.
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It is hoped that the resuits of these tests will assisgt in the development
of a simple method for deﬁerminingréubgrade moduiuns.

Meteorological Date: Throughout the construction of the project

meteorclogical data wag obtained including temperature, relative humidity,
precipitation, evaporaticn, wind direction and velocify. The weather obser—
vation station has been p?rmanently established and the gathering of this
infornation will be continued for the entire pericd of the design project
investigation predetermined as approximately five years.

INCIDENTAL STUDIES

In the‘ccnstruction of an experiméntal road certain incidentel studies
nay be'added which will not. interfere with the plans and cobservetions of the
majbf itenms. ‘A few incidental studies were introduced inte the Michigen
Tezst FEoad which were of intereét to the Michigsn State Highway Depsartment
and pertinent to the improvement of conerete slab construction. These sub-
investigations comprised a study'of various construction methods including;
the siress curing of concrete, mechanical spreading of conerete and the use

of various joint sealers.

Stress Curing: Eighteen hundred feet of concfete pavement was placed
by the stress cﬁring metﬁod of constructién which eliminates steel reinfurce-
ment and transverse joints other than expansioﬁi The slabs were laid in
100 foot lengths an& thé pre-sgtressing of the concrete accémplished by use
of canvas covered rubber hose pressure celils insertéd in ihe Jjoint openings
and expanded to exert pressures based on regults of tests on represegtative
specimens 7 by 9 by 14 inches caét throughout the period of construction.of
the sﬁress curing seciion. The pressures were increased at & rate conirclled

by determinations of strength increase of specimens up to z maximum of
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200 peounds per sguare inch. This'pressure was maintained until the standard
modulus of rupture beam tests reached the 7 day specification strength
trequirement of 550 poﬁnds per square inch. After this period, one.glab was
utilized to‘determine the zubgrade friction factof"by.making use of the pres-
sure cells to actuate sliding and record exerted pressure necessary. The
pressures were applied ih increments of 25 pounds per square inch with a

10 minute time interval between each increase in pressure. In the first

tesf normovement of slab resuited untll pressure reached 187 pounds per
square inch and then.releaséd:with a resultant mofement totaling 0.264 inch.
There was a small amount of residual moveﬁent after release of the pressure.
In the second run, definite movement of the slsb occurred at 50 pounds per
sqguare inch with & resultant of 0.507 inch folléwing application of 200
poundg per square inch load..,A,third test was yun with very little change
in vaiues‘and thé indicated subgrade valus for sand was found to be about 1.75.

Mechenical Concrete Spreader: With the exception of 600 lineal feet,

the concrete fordﬁhe,design project was'placed and consolidated by meansg of

a mechanical concrete_épreadsr. Observations_wefe made on the uniformity

of distribution esnd placing of the concrete compared with and without spreader.
FlexuralAstréngth testé on beams cast on the subgradé with and without con-
crete spreader and bgams vibrated with internai vibrator will be reported

for '7 and 28 day tests to determineAcharactéristics of strength for each

type of concrete plécement. Preliminary conclusions reletive tc the con-

erete spreader indicate that the spreader is a valuable construction aid.

Its usé should alloﬁ much lower water content and requires less working of

the concrete in finishing operaticns.
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The gtudy of the effectiveness of the concrete spreader was supple-
‘mented by the analysis of the fresh concrete. Yhis analysis was made by the
Dunagan method of "Determining Gonsfituents of Fresh Concrete”. Essentially,
it ie known that cortinued manipulation of a fresh concrete surface tends to
displace the ingredients from a well graded mixiure with the percentage of
fines inereasing toward the surface of the conerete. By taking three samples
immediztely following the transverse finisherlat top, center and bottom of
slab respectively where the spreader was used and comparing the results
with analgous tests on stendard constfuction, the distribution and aid in
proper placement of concrete by use of the mechaﬁiCal spreader can be de-
termined. |

Since afmechanical loﬁgitudinal finisher was used on construction of

this project, similar test samples were taken immediately before and after

to determine the effect of this method of finighing.

Joint Sealers: The finishing and spreading opefgtions in the con-~
struction of a conerete pavement are very important in the development of
the strength and durability of concrete slabs, yeit there remains one other
construction and design detail which may be of greater lmportance, namely,
adequate and proper sealing of the joints. Probably meny of our problems
of vavement design would be simplified if more #ttention were given to thie
important item. Over a period of sucééssive tenperature changes causing
repeéted joint opéning and closing cycles the possibility and occurrence of
infiltration of foreign matter will be multiplied. ¥hen tﬁis partisl filling
of joinilppenings takes place the primary purpose of the joints will be de-

feated and the entrance of foreign matter at transverse joints will reduce
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the effective width of the expansion joinbs, particularly in lengthy slabs,
and subsequent Ly high compression stresses willl result which may not have
been consldered in-the design. Bgually im@ortanﬁ is the sealing of surface
water from the sdbéra&e. - |

Considerable atbention has been given to this matter by the Michigan
State Highway Department to the end that a seal of the asphalt o0ll latex
type has been developsd which shows promise of providing an adeguate seal,

In this pfoject 511 of the expansion Joinbs were sealed with this
material except a feW'in‘Which other types of fillers were useds These
types included poured rubber, premoldsd rubber and tar. A new type of
expansion joint was also used whidi employs the poﬁred filler of asphalt
oll latex as a seal, complebely sealing top, sides and bovtom of jolot.
The contibetidnijoints were sealed with premolded bituminous Htrip and
asphalt oil latex seals Periodic observations will be made to debermine

the effectiveness of the various types of seals.

CONCLUSIOHS

A review of the debails desariﬁed herein leawes the reader to wonder
whether the project may be %oo'comprehensivg for one research project.
But, fortunabtely, the Michigan State Highwaey Department authoritlies
recognized the value of such research end have provided an adequate staffl
of 18 merbers in its Research Division which should be eapable of amalyzing
and evaluating the wvarious phases of this research project.

The design sscbion has inclided the consiferation of the pertinent
features of design in concfete pavements and methods have been developed
for the measwrement of factors important to the evaluation of these

featuress PFurther inecidental studies are heing made which supplement the

major problems.




The design section has included the consideration of proper spacing of
transverse joints, the amount of-expansion space required per unit length,
.the efficacy of_reigforcing-steel in pavement'slabs,'the relstion of the
amount of reinforcing steel to joint spacing, the relation of thickened
edge crosg section versus uniform thickness, the efficlency of various
types of joint design and egeals and the value of varicus methods of con-
sﬁruction.

It is hoped thr:.'v.t the faets and relationships cobtained will
assist in the classification of many'controversial issues and will serve

~in the develépment and improvement of the design and construction of con-

‘¢rete pavements.




COMPARISON OF MICHIGAN STATE HIGHWAY DEPARTMENT JOINT STUDY

SCHEDULE WITH PUBLIC ROADS ADMINISTRATION SUGGESTED SCHEDULE i
| | Weekened | Reinf. ) -
: - = : - Plane lbs.per| . '
- Section o _ Expansion Contraction Dummy lundred | Cross. | o
Ho. '!Sched. Length | Spacing |Load Trans.: Spacing- Load Trans.| Spacing | 54+ ft.! Section -| Remarks
1 | PRA - 52801 | ;5'-201;251_' - None - Nome - None | 9"-7"_gn, | Contraction
T . | L : ' spacing.de-
: - s pends-on
_ - - . L type agg.
3P MSHD | 2700' @ 27007 -1 200 . D.B.. None -~ | None 3 See 3F & 4F
4F 'MSHD 2700' | 27007 . 10° . D.B. None. .| None - L adjacent 1
3E - MSHD 18007 1800¢ | 201 . None. | Hone . | None L joint in1 .
" 4F _MSHD 1800° 1800¢ 10°¢ - None None - | Nome " ‘mile
2. PRA 2640' | 800" - D.B.* 15!-200-25' |  Hone. None | Nome |- ™ “*Approved
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