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INTRODUCTION.



Introcuction,

The problem of selecting a typs of ro=d to meet the psculisr
conditions of the country through vhich it vill pres iz o recl
one nnd hrs c~used m=any of the cblest rond engsineers to pruse
and thinit twice bhefore going #he~d with new constructionrn., The
higuway dep2rtments of the nm=joritr »f the sletes hnve weade
studies of the selection of road tyres,tut it h s not yet been
reduced to & fin»lity.

The firast thing to bte considered in a~iing pl=ns for » new
road is if it will te gtisfectory to the mnjority of users.
road rhich is unsuited to the needs of the tra2ffic or which is
not maintained in » ~anner which will enable it to meet the
dexands m~de upon it will cruse the people of the cormunity to
beconre prejudiced ~gainst 21l roxds of the same type. This will
nlmo cause them to sive rraferencea {0 high-ccost roads ir locrtiors
where low cost roads would hsve sufficed,

The Michig~n State Hipshwoy Depzrtiasnt finds th-ot gravel rozds
wvill stand up under the average country ro-d traffic,rhich is
larrely by 2utoaohile,but less then 400 vehicles per dry. Such
roads constitute Z,000 miles,or 60 per cent of the tot=1l iaproved
mileage in the state tod2y. It is estimated that in 85 per cent
of the c2res grevel roadg are rendering antisfactory service,
and that with uniformly good m~inten-nce this figure couwld be
bettered,

The liichig"n Strte Hirhwey Depirtment ndvises th=t the
ability of the corrunity to pay for the road be considered in its

selection. %hen in doubht,the cost °rd succegs of the different
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tyvres under aimil*r conditions ir other loc~tiors =re good critericorns to
follow. The :bility to p2y depend& upon tie valu=tion of the a2djrcent
country which is served by the road. In Michigon this valu=tion is
divided by the nu-ber of miles of ro~d to te built »nd the result is
tabulated as the valuation per ro-d rile.

It follows thot the traffic increaseg with "n increzse in the road
mile rate., For inst~nce in %arne county where the traffic is the
sreatect in the state the va2luartion per ro=~d »ile is fGOQ,OOO;in Vent
county it 18 »16,950 and in Lake county ‘2,980 per ro=d mile., In the
latter county vith its low ro=d mile valuation,the tr~ffic is less
than 40C vehicles por dny on the aost highly treveled throughfrres.

The county ro-d cowiission shors good judgaent in restricting thle
road building to sravel construction costing “2,000 rer nile,

Vinvne couniy on the other h2nd can well afford to select »n
eaxpengive tyvre of road for it is 150 tiizes ns larce as Lake county in
polnt of ro~d anile valurtion., as =2 result concrete roads hrve teen
built extensively in this countr st =an =versres cost of 16,000 per mile,
Kent county,0ttzw=,and Iny;h-m courties are now falling in with the
concrete road idea and are conctructirg nuserous rc~ds of thrt type.All
of these counties have sufficient ro-d mile valurtion to t~ke up this
tyre of ro~d on a s»21l1 sc=le,

Dats secured from the Michig2n Steate Hipjhwey Depart~ent shows th-t
there is a vractical traffie linit for 16 foot gravel ro-ds, This is eet
21500 vehicles per d~v,If used for = greater nuab:r cf vehicles per
day,the mainten-nce costs more than 15 considered cconoaic~l, The

dighway Departwcnt d~ts =2lso shows tha* theoretic=lly,if the tr=ffic docs






not exceed 800 vehicles per day,we can afford to syend "466 plus §150
(the assumed maintenance for gravel road below 500 vehicles per day!,
or about {600 per mile per year in the maintenance for a gravel road
before it would be economical to build tituminous-surfaced macadem.
Practically,hovever,z rravel road carrying 800 vehicles per day would
be in a continual state of repair. hen ever pocsil:le therefore, bf
a community is financially atle to build better road types,it siould
do so by all means,providing that indications point to a future
increase in traffic. The highclass road type will eventuz1lly become
economicallv suited to the traffic passing over it.
The road on ifichigan Avenue tetween Lansing and +ast Lansing,

Michigan affords a good illustration of the futility of trying to
use the lower types of road surfaces for heavy traffic,especially of
the automobile type., This road lies on the route of the Wolverine
Pavedway,whicbhs a much traveled through route from Detroit to Grand
Rapids and other ‘iestern Michigan cities,ac well as a2 most important
market road, It is also the most traveled road foom Lansing to the
Michigan Agricultural College which results in conriderasble pleasure
griving over it. The advent of the automobile has caused the traffic to
more than triple since the first time the road was imrroved in 19C6.
The average number of ve:icles passing over the road daily is now in
excess of 1000,of which approximately 857 is motor driven,

Until 1906 the road hod neve27:;proved and travel over the dirt
roadbed during the wet seasons was impossible,The traffic tYrou-h
largely horse drawn by t.e year | Q0B had assumc . such porportions

that some form of improvement was necessary, After consideratle
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perley macadam was selected in the relief that it would serve for

yearg to come. The improved section was two miles long and extended
from Lansing through end beyond the limits of East Lensing. Th@road

was constructed in two courses with a limestone base and a top of
crushed fieldstone forming a compucted depth of £ix inches.The width

6f the macadam was 15 feet,and between side ditches 22 feett¥ The total
cost was ®13,485,0or approximately 6,750 a mile. It was built according
to the specifications of t e State Highway Department and was among

the earliest applied for,its application number being 27.

Two years of use,however,proved that this tyre of road was
unsuited to the conditions far the surface becrme badly rutted. an
experiment was tried.The road was scarified,reshaped and treated
with asphaltic oil by the penetration process.

The new surface looked good for a time,but the period between
1908 and 1914 witnessed a 1large increase in traffic and a gradual
change from horsedrawn to motor driven vehicles. The chenge in
traffic conditions left the road in bad condition at the end of each
season »nd 1n 1914 it was arrvarent that it must bte refurfaced in
some manner, An abuldmnce of good gravel was available,ond it was
decided to resurface the road with this,since the lack of funds

prevented extensive recongtruction.The gravel was placed to a greater

depth at the center,to form a small crown,since the 0ld surface had
become worn quite flat. When the giavel had been throughly compacted
and shaped,the surface was treated with glutrin.

It took less than two yes's for the gravel tﬁbeCOme disrplaced
and the road again became deeply rutted =nd full of holes. Traffic
as a result could not proceed over it at a greater spreed then ten miles

per hour without discomfort to the pacsergers,
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In 1916 it became evident that i -nedinte steps must be ta-en to

recons8ruct the road with some form of permanent surface.frominent
business men of Lansing and sast Lansing headed by W.K.Frudden

suscribed heavily torard a fund for recorstruction. The state contributed
it usual amount for good roads of permanent character and the county
raid the balance. Concrete was selected as the most feasible type

to huild,

The writers of this thesis have undertaken to invectigate the
co-struction of the road in question to determine i1f it was done
according to the best practice o8 recommended by the leading concrete
road engineers and to deternine if possible any defects in the finished
road, The proceedings of the Second National Conference on Concrete
Road Building held at Chicago,February 15-18,1916 have been used as
a basis for comparison,it being acsumed that a report of this nature
resulting from an assimilation of ideas from fmerice's most prominent
road buillders can be taken as an outline of good practice,

The following points were considered in the investigation:
l1-Drainage and prercration of roadbed,
2-Desigm,thickness,crown and grede,

S-Apgregates,

4 -Handling 2nd hauling of materials.

5-Porportions of materizls and consistency of concrete,
6=Mixing =2nd placing of concrete,
7-Reinforcemnents,

8-Joint locations.

9-8xpansion 2and contraction.
1@~Finishing and curing.
11~Construction of shoulders and curbs.
l12~-Form of specifications.

13-Testing of samples taken from road.

14-Counting of crecks,cl-ssifying and learning tl.e causes of each,



SECTION I

Drazinsge nand Prep:ration of hoadbed.



Section 1.
Drainapge.

The drainage of a roadbed is of vital importance for if the
subgrade 1s not well drained,there 1is danger of uneoual settlement
or frost action,which will cause cracks. Local conditions will have
to be taken into consideration when deciding on the method of drainage
to be used. Lateral drains or ditches will provid:¢ suitable drsinage
for ordinary country roads, The drainage trenches if placed under a sub-
grade,should be completed before findl rolling,

The road under consideration is drained by a lateral system
consisting almost entirely of open ditches. ihe drainage problem for this
road is a big one because of the nature of the land, it being to a large
extent marsh -which in flood seasons is covered with water. fovernment
reports show that once every ten years the Red Cedar river over flows
its banks to such a depth thst the road is inundated.

It is hard to advise whether or not the road should have been
ralsed so as to get above the high water mark because of the economic
problem involved., The cost of raising the road to such s level under
present cost of labor and material would undoubtedly & more than the
demage which will result to the road in event of another inundation,

In our minds,however, there is no doubt that the present road level is
inadecuate to allow sufficient flow off of surface waters and to keep
the road in the best of condition,

The interurban line abuttins t'.e road on the south side of the
roed prevents an adeq-ate open ditch along that side, In place of the
open ditch,an eight inch tile is used from station 17.9 to station 31.2
at which point a ca2tch basin is locsted. The r@mainder of the south
eide of the road is not drained the elevation of the 1interurban trocks

m2ing it imporsible, Open ditches are used on the northside from
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station O to catchbasin at station 31.2 . Irom station 31.2 to 42.7,
a twelve inch tile is used. From there on to the end of the road an
open diteh 1is providecd.

This system of draine-e we consider inadequate. Larger tiles
should have been used where ditches were imposcible beceuse the land
abutting is so near the same elevation of the road surfesce that there
is very little orporrunity for the water to run off. Inspections of
the road during the flood season this year ind cnated that wedet stands
under surface during those periods, This will cause the best of roads

to deteriorate,.

Subgrade.

According to the best practice the fundamentnl requirement
of the subgrade is that it should he of uniform density so thrt it
will not settle unevenly,thus causing cracks in the surface of the
pavemnent, No part of the work is more deserving of intelligent cure
and painstaking labor than the preparation of the sub-grede. The
slight additional cost necesssry to insure rood results in abundantly
justifiable, VWhen the pavement is constructed on the natural soil ,
care should be taken to remove &1l soft spots so as to insure uniform
density; and if constructed on an old roadbed,even greater care must
te taken as the subgradec then is likely to be more comp:nct in the
center that at the sides. An o0ld roadbed should be scerified,rechaped
and rolled. The subgredec adjacent to the curb should be hand temped.

The road under investigation was constructed on an old

mzcad=m road using the old m=cadam as a foundation. There are two
practical methods of preparing an old macadam road ss a foundation
for a concrete road:1-Scarify the old mecrdsm foundation,surply the

necessary material to bring the road up to a practic~l grade from
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an outsicde source and roll the excavated material over the subgrade;
Such a procedure does not necessarily insure 2 uniform subgrade,but
approaches it within practical 1limits, Its accomplishment will cost
considerable 7oney,amunting approximately to from £800 to ¢1,500
per mile when the surface of the new road is made¢ parallel to the
old macadam or when cuts and fills do not exceed about one or two
feet.

The second method is that of merely removing the crown of the old
macadam road and spreading ard rolling this metal over the full new
road width. This process reduces the cost e2prroximately 70%,which
saving could be used to naitétn the cracks that subsequently occur
in the pavement.

The la*ter method was used in the construction oﬂthe road
under investigation with the erception that a small amount of dirtwas
adddd to fill in the extra road bed,and to provide shoulders. The old
macadam was first scarified to 2 depth of six inches whereas it should
have been scarified to a depth of one foot. This has already csused
cracks,both horizontal and longitudi¥nal. “he subgrade was then rolled
and dragged until it was thoughtito be of uniform density and carpable

of holding = concrete road.
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Desi;n,Thickness,Crown anu GUridc
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Section 2.
Thickness,

Many factors have to be taken into consideration before deciding
upon the thickness of 2 concrete road. The use of the heavy motor
truck and bus makes it necessary that the thickness be not less
then six inches at any point. In general pawvements should be
thicker at the center than at the sides.vherkever thickness can
be increazed without excessive cost,such increase is advisable,

The pavement under*onsideration is six inches thick at the

and' one fourth
outer edges and eight/inches at the center., Therefore weceorisider
that the road is of proper thickness and in that respect has
been constructed according to the best practice. (See cross section
on blue print).

Width,

Ten feet is considered the desirable width for a single track
concrete road, For a double track road the width shpuld be at least
eighteen feet, The total width of the roadway should not be less
than twenty feet for single track pavements and not less than twenty-
six feet for double track pavements,

The width of roads is based ~ainly uron the amount of vehicle
traffic and should be chosen not only to accommodate the present

increase in
traffic,but also any ftture/traffic. Roads which take only & horse

drewn vehicle traffic cen be made narrower than those which are

subjected to btoth horsedrawn ond motor car traffic. In the former
case a width of 14 to 16 feet gives sufficient clearance between
two passing teams. The width out to out of the average touring car
1s about six feet,while motor trueks are mede ac wide as eigit

feet, 4 wider road is therefore necessary for motor traific
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than for horsedravn vehicle traffic.in order to allow the
machines to pass each other ct a fsir rate of speed with proper
clearance and still keep on the improved surf-ce, If the width
is not sufficient to allow machines to pass without running off
the concrete into the earth shoulder,the edge of the road metal
will be broken down,

The width of the road under investiration is eighteen fect
wide with three foot shoulders m=king the total distance out to
out twenty-four feet, The traffic census taken during the fzll of
1916 1indicates en averasrse of 1,000 vehicles passing over the
road each day. ©®nother traffic cersus tzken during April 1917,
phows an average deily travel of 774 vehicles.®he April census
was taken under unfavorcble weather conditions which undoubtedly

indicated
accounts for the falling off of the traffic over that/bﬁ the
fall survey, The averege speed of the traffic is twenty-five
miles an hour.

Since the width of the roadway out to out is two feet less
than is recommended bty good practice and since the traffic census
shows that the travel over tire road is largely by sutomobiles
or motor truck we consider that the designers shou'd heve allowed
for broader shoulders and that the shoulders should te constructed
of gravel carefully rolled. The present width dbebh hdt permit
the motor vehicles to rass vithout danger of colliding, Several

seriousagcidents have already resulted rtecause of the narrownens of

the roadway,



-]13 -
Crown
concrete

The crown of/roads chould be not less thar one one-hundredth
nor more then one fiftieth of the tot2l width., One one-hundredth
of the total width is usually sufficient for country roads .

The crown of the road under investigation is two and one fourth
inches. Dividing 2'"by 216" (width of pavement) we found that the
coown is 1.04/100 of the width and is within the limits set by
recommended practice.

Grade.

The determination of the proper grade for a concrete road is
still in the experimentsl stage, The original practice was not to
exceed 57,but today we are building p=vements on grades as steep
as 8 7 under certain conditions., The grade seems now to be 1inited
only by the ability of the workmen to mcoke the wet concrete run
durings the procecs of construction,by the character of the mix
and the kind of traffic.

The Michigan Avenue road was constructed on a grsde ranging
from .217 to 1.967% . This is well within the limit set by
recommended practice. The grade is fairly undulating,a fe-ture
which 1s considered of value to horsedwawn traffic csince it is
much easier to rull a load up » hill if you have a little

momentum resultings from coming down an incline.
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Aggregates,

i



Dection Z.
tegregates.,

Imformation secured by the 2merican Fortland Cement
ganufacturers Association indicates that the coarse agrFregates
used in concrete roads built in the United States todate may be
clarsifled as follovs:crushed rock of e11 kinds,55 per centj;gravel
40 per cent;mniccellnrneous materiels,5 per cent. Natural sands
account for nearlv 211 the fine agrresate.

The National Conference on Concret® koad Building held a2t
Chicago,February 15-18,1916 recomrended franites and trep rocks,
ousrtzite,congslomerates,hird linestones and cdense hlast furnace
sleg to be of proper chemicel composition 2nd excellent arcrregates
for concrete roads., This same conference warned against the usec
of foft limestones,inferior sands =2nd gravels,snd other
questionahle materials.

The specific~tions adopted by the conference for aggregates for
one course concrete roads are as follows:

Fine A‘rpregate:Fine argregate chall consist of natur:sl s~nd or
screenings from hard ,tough,dur~«tle crushed rock or gravel coneist-
of quartzitic grains of other equelly hard materials grecded from
course to fine witnh the course perticles predominsting.

Fine arpregate,wvhen dry,cshall pass a sieve having four meshes
per square inch;not more than 90 nor less than 50 per cent sha'l
be finer than n sieve having eight meshes rer linear inch,not

more tman 20 per cent shall be finer than a sieve having 50 meshes

per linear inch,and not more th'n five per cent chall he finer

than a sieve having 100 ~eshes per linear inch. The ~bove-mentioned

percentages shall be computed on the basis of weipht. Finpe aprremt
Atlee 1n€ agrrecite



£h111 contiin no vegetshle matter or other delcterious mntericls

znd shill not more th.n three per cent of clay or lo-m,by weirht.
Fine sgrregetes which give &« mortar strength ecu=sl to or

higher thzn the minimum v-lves =t =ny of the nges below,shall be

considered (¢ fullfilling tre mort:r strensth requirenents of this

specificntion,
Are at Tess “inimum Strength of 1:7 Fine 'grrercte
Mort=r.
72 hours 1.5 time (Ag
7 dvys 1.10 times(A
28 dnvs 1.00 times (4).

(4) ecunrls the length of ef 1:2 standard Ottowa sand
mortar specimens of same form and cize,2nd similar plasticity
made by the same oper~rtor using the s=.-e cement.

The tests shall te mrnde on mortirs composec of one part
Portland ce~-ent =2nd three parts,by veirht,of fine assregate or
stendard Ottevw=2 sard, The tests specimens shall be mode,stored,
and tested in the same manner. .11 mortar strength tecsts shzll
be maie under laboratory conditions in eccordince vith recognized
standards., FEach value shall be the svernge from tests of not
fewer than three srecimens .

Coerse agrereg~tec:Cnorse =aggrecates snzll consist of clean
hard,touch,2nd durable crushed rock or gravel, Corrse aggreg=te
shall contain no vecretahle or other deleterious matter,»nd shull
te free from soft,flat,or enlongated particles.

Coarse acecregates shall be grnded from two inches down,

The coarsest pa-ticles sh31ll pass 2 two inch round orening. Lot
more than five per eent,by weight,shall be finer than 2 seive

having four meshes per line.r inch,
Ready mixed arrregntes:Run of crushed stone ,run of tank

gravel,or other reudy prepa ed mixtures of fine uard co-rse

aggrerates shall not be used.






The lMichigan Avenwue road was constructed according to
the Michigsn State Hirhvay specifications which cgree,with
one or two exceptions,with the specificationsof the National
Conference on Concrete Roa:.i Building. The coarse arrsregiate
%ac obtained from the St=nda¥d Builderc' Supply Company of
Grand Heyids,ilichisan and passed the examinations of the
State Highway Depertment and Universal Portland Cement
sianufac turers #ssociation inspectors. %We therefore believe

was
{het the arrregate used/Snitable for the work,






SECTICON IV

Handling ~nd Hauling of Materi=ls,



Section 4.
Handling and Hauling of lMeterials.

Handling and auling of materials is one of the largest items of
cost in constructing 1 new road., The quality of the road to a certain
extent also depends uron the methods =dopted in handling the materials.

The first essential from 2 standpoint of cost is that the method
of hauling adopted he such as to insure arn 2dequate suprly of
material for the mixer. Frogsress »nd cost depend upon there being
at all times an adequrte surrly of concrete agrresates so th-t
the mixer crew vill work at a maximum cnapacity,

Since the ruality of concrete dcpends l2rgely upon the use of
clean concrete argsrepates,asnd althourh z methnd of hauling and handling
may prove economical it mhy expose the apgcregates to the danger of btecon-
ing mixed with dirt ~nd consequent’y impair the character and quality
of the road surface. If materinls are dumped in piles nlong the ro~d or
on the subgrade,and wet weather del=ys the operations,a cer‘ain
percentase of the materiesl at the bottom of the pile will btecome
mixed with dirt and must be left in the pile and hence wasted. Stock
piles can be protected by placing them upon wooden platforms,and
vhilefthis is possible =2nd adequete for sm2ll work it is impracticable
where large gquanities of —ateri-1l are to be stocked in piles that rfre
distributed =long the length of the rOﬂdi?y. Inesmuch as considernhge
expense is invloved in properly washirg arrrerates,it Is extremelr
poor economy to employ a method of hauling and handlirg that exroses
the materisls to the possibility of becoming mixed with foreigsn
materi=al,

There ~re four distinct types of equirment available for

hauling concrete agsrepate:l-l rse-drawn wagons;2-Motor trucks;

Z=3team or gas-trzctor trains, for hauling in conrested districts



and for eity prving work,the term=drawn truck ani the motor
truck are suitasble, Neither has 2n advantage over the' other
as regards keeping the accregates clean. The mortar truck will
prove more economical it the haul exceeds nbout two miles.

If the haul 1s over fairly good roads and exceeds one
mile,the tr-ctor train can be used economicrlly. Its capacity
is relativelyv small,and it is hsmpered by unfavorable conditions
more than any other tvyre of hauling equiprment.

The industri=l railroad is adapted to conditions where
loading facilities are =mple ond where the haul exceeds sbout
two miles. It is cuite flexihle =25 to capacity,is not hampered
creatly by veather conditions =nd is probablv the most economical
method of haulins, Under suit-sble conditions materials can be
transported by this method without danger of rtecomirng dirty.

Aggregates ¢can be most economically handled bty unloading
from the railwey cers by means of the locomotive crene,the
bucket elevator or the helt conveyor. Haullng is greatlp
facilitated when ample storare is rrovided of cuch a natvre thst
the h~uling equipment c2n bte culckly loaded.

Avail~hle imform~tion rersarding the cost of hauling and
handling of materials is so incomrlete nand contradictory that it
is impossible to subtmit 2 table of cost with the arsﬁrqnce th~t
it will te accurate and of general arrlication. The items which
really enter into the cost of Kauling sre:l-Operating costs;2-
Maintenance of ecuipment;Z-Interest onvnvowtment in equirment;
4-Depreciation on equipment.,

Wieter is another item Sf cost in constructins a concrete

road., A system,howver, should he devised vhich will insure an
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abundance of watcr. ~ pipe line =zlong the road is the nost
convenient mesns of distribution. If the water is piped for
more than a mile the pipe should not be lecs thon two inches
in diameter;but 1§7§ase " hydr=ulic computations cen be mede
to determine the proper size. For ordinary purroses a two inch
pipe serns adecuate. The pump may be any suitsble tyre
designed to furnish not less th-n TR0 gallons per minute, The
rowver require-ents will vary vith the head,but the 5 or 6 HF
Fas engine 1s commonly employed,and is adecuante except vhere
the static head 1s excersive,

The materials for the road under investigcation were
shipped by railro~d from %rand R2pids sard hauled by wagon
a distan~e of about two and one helf miles to place where the
supp¥y piles were maintaine.l, Evidently not enough care was taken
to keep the material clean during trensit for there are numerous

holes in the finished road caused by the chiriings out of particles

coal,clay,sticks and other foreign matter.
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Gection 5.,

Proportions of Merterinls and Consistency of Concrete.

The proper p¥oportions of mnterisls for concrete 1s a subject
vhich has been cdiscusse.i considerably,but in spite of the
aprarent necessity for using scientific methods,it is still

cgmmon practice to proportiodhy the method of "arbitrary
selection"., Its genernl use har seemed to he Jjustified by the
facility with which the work can ke h:ndled under existing
conditions. It is evident,horvever, thnt unless the character of
the asrreg=tes to be used snd the quality of concrete made with
the specified porportions of the concrete csrefully determined,
this ~ethod should not be used,for 2 1:2:3 mixture in one ccacse
may be identical in qualitr- with a 1:2:4 mixture,or even a 1;2}:
5 mixture of 2notrer,on account of the viriation in the cize
of agrregates,

The National Confercnce on Concrete Road Building reports
that unsatisfactory concrcte will result from the best aggregntec
i1f they #rec not properly pepportioned and that therefore & careful
investigati-n of aggrcgateé may mean the difference between
the ruccecss and failure of the roac. The generﬂqedoption of
A more scientific method of ppooportioning the materirls is very
much to te desired.

H.'ltinge Breed of the New York Otate Hishway department
recommends the following ppoportions based uron his observations

of 201 miles of second class concrete raveqcnt,]:?l:s mix»,a type
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no lonrcer constructed ;+nd uron the actuzl constructiédn of
of 64 miles of concrete peverent ,1:11:2 mix,built in the
l~s* four seasnns:

One volum~ of cenent to 4 golumes of sand and troken
stone or gravel ,the porrortions of the fine 2nd coarse esgrrecate
to be varied slightly to give the greatect density,

The N-~tional Conference on Concrete hoadbuildindoffers
the follov ng reconmend~tions for rorportioning materisls for
concrete:

One-Course Concrete. for = one course concrete raverent
tt'» materials should be mixed in the proportions of one s=ck

fine
of Fortland ccrent,two cuhic feet of/nggregate,and three cubic
feet of conrse of "regate; =nd a cubic y=rd of the resulting
concrete in place should cont~in ro fever thrn six and eight

‘ortland
tenths s=acks of/Eemcnt.

Two ~Course Concrete. For the base of 2 two=-course
pavenent the material should be mixed irm the proporti.n of one
sack of Portland ce~rnt,tvo and one-hnlf cubic feet of fine
acgregate,and five cutic feet of coarse arrregante;ond a cubic
vard of the resulting concrete in place choudd cont~in not
fever then five cacks f cement,

If the bhase is to consist of cenrnt and fine ar-recate,
the matertals siould re mixed in the proportions of one s=ck
of Portland cement to not riore thsn four cubic feet of fine
agrregate;ond 2 cubic vard ol the restvlting concrete ingpluce

should contain not fewer thon eig-t and two tcht*%*%? cenent .
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For the wearing c- urse of 2 tvo-course prve-ent tne meterinls
should be mixed in the ppoportions of one sack of Portlsnd
cement, to not more thon two cutic feat of fine nifregnte; and
ard cuhic gard of the resulting concrete in place should not
contain not fewer thon eleven and eight-tenthe s=cks ~f
cement.

*rcording to these srecification,the proportions of the coarse
agrregate used in the road under invesctigation wes 2 little to
large ,This aprarently will not affect the durebility of the
pavenent,recruse tests mede of ssmples of concrete m=acde of these

rpoportions showed suffidcient strength when properly mixed,
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Section 6.

Mixing 2and flacing of the Concrete,

Arpguments ar=inst hand mixing need not be considered in

road building,for it was loneg 2g0 settled that the proper -ethod
of mixing concrete for big conctruction is by the machine,
There are two kinds of mirers in use,nzmely the batch ard the
continuous mixers, +“he former is preferable because all materials
can be accurately measured snd can be mixed a predetermined length
of time. Ezch batch therefore may be considered as uniform in
comrosition with the prece-<ing and succeedingkbptches.

One of the most import:nt items in mixing is the amount
of vater to use. Good practice c=lls for concrete vhich will
flow readily in order that it may be properly spresd and
consolidated., In fttempting to attein this end it is easily
roscible to use more water than is d sirable,

The National Conference on Concrete Lowd Building went on
record as btelieving that with the average amoutst of moisture
fourd in concrefe materbrls the water to te used in roacmuking

1

should not emceed six pourcds per cubic foot of concrete i ‘1w,
this meanin~ the ce-ent,ssnd ~nd stone used,meacured loose. This
is approximrtely one grllon of vater for each cuhic foot of
concrete in place. YUry materiuls in hot veather recuire more
water 2ni rain socked sond and stone require less water. The most

needed refor in the mixing 2rnd rlscing of concrete for ronds is

lecs waher t'an is generally uced.






Time is the big fector in the placing of concrete &nd
ss a result the equipment used is of utmost imprort-nce. The use
of rorse cartc in distriruting concrete chould bhe concdemnecd
and the use of wheelbarrors =nd hand carts discouraged,as the
latter recuire more time to complete the work thon is consistent
vith good rractice.

The Fnrineering Record has made an attempt to gather some
dets thich voull 1e2d to improvement in the miving und placing
of concrete in roads. Numerous prominent enginecrs vere consulted,
but the views received were 1s numerous ac the men questioned.
The engineers cvestioned differed 5s to test tvpes of distributers
to use,nanely the open-chute as against the btoom-and-bucket.

The Naticnnl Conference of Concrcthoad Building agreed thet
they could see no reaxson for favoring one method above the other.
They did agrce ,however, thatitbucketc are used the preferable tyre
is one th2t dumrs by overturning. Manv users reported that
buckets discharging by the oreninp of fl@p doors in the bottom
had to be witchei sn closely that stcocnes would not locdge co =as
to prevent clocings. Unless the bottom is closed completely there
ie serious 1leak=re of thin rich material . The com~ittee recommends
the chute for distributing concrete 2rd specifies th-t the
pitch of the chutes should be cteep enough to deliver concrete
of 2 proper consistency rendily.

An angle of 20 deprees is the minumum to he used as a ritch
for the chutes and the maximum amount of vwa2ter should he as

statedi ahove, It is better to increase the ritch than to
increase the amount of water
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Tests made 2t the plant of the T.L.Smith Company,mixer
manufacturers,.iilwaukee, " is,,in the presence of a score of
leading engineers caused the Nrtion=21 Conference on Céncrete
Roa#Building to recommend the following ponints to te otserved
in mixing concrete for road work: |

1:The =ixer drum should revolve at a cyeed not exceeding
gixteen revolutions rer minute. It has been sugrecsted that the
sreed of the drum he expressed in travel per minute per footk
of circumference,

C-The minimu~ nurmber of revolutions for eich tatch to be
ten.

7-‘he minimum length of time for mixing each tatch to be
one minute.

Ihe reason for fixing the minimum in the eéests at one minute
is thet experiments indicate that the water does not work through
a mass of concrete in less than one ninute. This is a roint which
has not been mentioned to ~ny extent in concrete e>periments,but
is of importance. A much <em=ller quanity of water can he used
with lons-timec mixing thsn with short-time mixing,and the s-me
degree of fluldity obtained.

A batch mixer wac used in the construction of the concrete
road under investirrtion. Only chort chutes were nececssary for
the mixer was yushed along the road..: ' Warrownecs of the ravement
made it possible to derocsit the (oncrete almmct directly from
the mixer spout,

The specific-tions under which the road was ruilt co led

for a minimum of eightXeen turns rhich is vell vith in the limnits
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recommende:si hv the National Concrete Road Suildere Conference,
Tests made of samples teken from the road,however, indicat:v%hc
the builders did not live up to this srecificationx. *‘his will
he taken up in a latter section of this thesis under the heading

of Testing of Srmples Teken from the Ro«d.
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Section 7.

Very littl? imformation is availahle or methods of reinforcing
concrete pave -ents,airce this tyre of ravement is a comparatively
new form of construction. Little attention has been pcid to reinforce-
ments D§ concrete pavements in the pact in spite of the fact that
angineers long ago realized that the use of a reinforcement i§ the
only sure preventive of cracks and most necescaryv to insure durahility
and wenr,

~everal types of reinforcements are on the market.of which the
nwoven ¥xire fabric seems to be the most p-opular. VVhen this type is
used the mesh should be 1l2°d directly upon the bacse immediately
a fter the same has been finished to prroper grade and it should be
lightly tamped so that at least fifty percent of the wires are
imbedded therein. The longitudinal wires should be so placed ~as to
be parallel to the center line of the pavement(Note:~If the e>pension
joiomts are spaped not to exceed fifty feet,longitudinal wire may be
placed at richt nngles to the center 1line of the steeet). All laps
2t the sides of the sheets should be at least one inch =nd all laps
at the ends should be 2t least twelve inches. The reinforcement
should cover the entire p2vement iarea between expansion joints, If
reinforccment 1is reaquired because of unsatisfactory foundation,it
should be placed in the base course 2t 2 distance of at least one
inch above the hottom surfece.

\

i ocodating of lipht rust will not be detrimentel to satisfsctory

®eBrlts,but care should be exercised that no evcessive rust,pint
or other conting 2re rresent to intcrfere with proper bond. Care

should also be exercised to see that the reinforcement is so store:

prior to use,that it is not coated vith mud or clay vhen placed in
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the pavement .Keinforce—ent left on the jor when vhen the contr-ct
is completed should bte collecte! nnd storel so that it vill be
protected from the elements. Occasjonnl tensile znd bending
sfres§$?gould he m:de to see that the recuiremen*s of the
specifications are fullilled.

No reinforcements rere usel in the road under investipgation,
#nd while the officials of the Michigan -“tete Highrey Derartment acsert
that th~st none are necessary,we believe that much better service
cou\?r te exvectel from the road if reinforcements had been provide !,
The State Hirshway Department does not include reinforcements in

anv of srecification_s for concrete ro=cs.
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Section 8.

Joints rnd Joint Locations.

Engineers differ as t> the prorer placing of joints,
The Michigan State Hirhvay Department specifies that all

concrete roads to receive strte rewards shall have vertical
transverse expansion jolnts across the entire width perpendic-
ular to the center line vhere work is stopped for more than
thirty minutes and that 2ll joints sh21l extend through the
entire thickness of the pavement ~nd shall be perpendiculsir
tdthe surface,

The National Conference on Concrete hoad Building recommends
that traverse joints be placed across the road perpendiculsr
to the center line about fifty feet apart.

There seems to be = tendarcy to widen the distance
between jolnts and to mike them extend entireiy through the
pavement,as well =2s through the curb if integrzl curbs are
used.

Longitudinal joint filler should be staked or othervise
securely held. Joint material  should also te placed around the
marholes,catch-basins,etc. The tendency of the present prattice
is toward omission of met=1l protection plates for joirts,the
need of protection plates being dependent somewhat upon the
character of the arrregate used,and 1t}§onsidered that they
are more essential in street pavements than in country highwoys.

Flates for protected joints shouid be wired together with

the point filler in place and securelv held in the installing

bers. “hen short sections of Joint filler 2re used they chould
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likerise be wired together, ouprorts for the joints should
be used when piverents sre of such vidth thst the installing
bar deflects. On wide roads every joint should be checked
as to cro.n with sighting T's. &8 the joint plates do not
usually fit ticht to the installing bor,a quarter-inch
shim is placed under each end of the inst21lling ber,to insure
that the plates are not covere.l by the concrete,.

The ro2d under investir-ation does not h-ve meny joint:z,
due to the specifications under whichk it ' as built. The jointe
were placed only vhere the vork wvrs stoprped for more than
thirty minutes . The St=te Highway Department officials maintain

vith joint filler

that it is just about as cheap to fill in crﬂcks/when they aprear
as 1t is to construct joints durirg the oririnal construction.
“his method of placing joints appears to be in the nature of
an experiment and the results will be awaited with interest

by concrete road engineers,
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Section 9

“¥poncion =nd Cortrnction,

sxpansion and contraction of concrete jis due to three
causes;temperature changes,hardenins nd moistuee chanres,
The rate of expincion 2nd contr=ction under the former condition
is fairly well established by laboratory tests which give u@n
averare value of about .000006 per degree F., The tests vere made
on vrell cure! concrete,

It has been shown thot in renersl concrete hardened in 2ir
will shrink markedly wvhile concrete hardened under water or
moist conditions w11l expond slightly. 2.T.Goldbreck of the U,J,
Office of Public Roads found thnt srecimens 21llowed to dryv out
immediately ~fter molding contracted .05 pcr cent in three
months,~nd that wet specimens ,when sllowed to dry out,contracted
about the same amount ac the mir-h:irdened specimens., «ssuming
the usu-l coefficient of exransion,the contr.ction in h2rden-
ing vfe sbout the sume 2 thet produced by 2 change of 90 degrees
in temperature, Frofessor A.H.%hite.of the Uniwersity of liichigon
me'es similar tests vhich corrobor«ted the results of !'r Goldrreck.

Experiments conductéd =t the Iowa Ixperiment Stafigg,c.s.
Nichols =nd C.B.lcCollourh give results of messurements of
temperature effects,°nd effects of shrinkage duve to hardening in
concrete arches. They fouﬁd that the shrinkzge due to setting and
hardening to be about .C4 prer cent in 100 days,in 1:2:4 concrete,

They also found the =ctunl rise and fsll of the arch duve to
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temperature chinges to corresyrond «prroximately to the

calculated value based on 2 coefficient of exrension of
.000005 (Fngineering =rd Contractings,November 12,191Z,)

The British Concrete Institute finds that the coefficient
of contractior due to hardening 1is from .02 per cent to .05
rer cent for one month,ind ,04 per cent to .06 rer cent for
one and one hnlf years ,the value depending uron the richness
of the nmix and the amount of wnter, The Cement and Fnrineering
lews for November,1912 states thot » dry mixture of concrete
shrinks less than a wet mixture,and concrete richer in cement
more than lean mixtures,

The Engineering Record for January 231914 contains the
results of tests m~de by Henry S.Spackman on concrete hardened
in water for 14 vWeeks,the concrete contnining =btout 10 per
cent of hyrdated lime . The test shoved that the effect of
adding the lime to the cement uppeared to reduce somewhot
the shrinkage in setting which took rlace the first dav or two.
According to the Eegineering News for lisrch 1ll,experience on
concrete roads in Maryland indicates that the use of 10 per
cent of hydrated lime reduces the tendency to creck.

That a change in the moistute content of hardrned corcrete
v1i1ll ceuse expansion 2rd contraction is corroberatec ty
experiments hade By Goldbeck,alreadv mentioned, ard by other

observations, The effect of a ghange in moisture content
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on corcrete of considerabtle =re is not well determined,

The report oﬁ exponcion 2ni contr=ction of concrete
roads fron observetions m=Je hy the Bureau of Stardards in
cooperation with the rssocintion of American Forllend Cement
Manufacturers indic~tes thst the expansion of concrete HJutingr
becember ~nd Mrrch is due to the 2absorption of moisture,=s there
wee no moarked chenge in temrertsture;from llarch to lMey the
expension was cue to ~n increzse in temrerature assiste. Tty further
absorption of moisture during Msrch.

Between liuy and.Aygust the contraction wes due to losc of
moisture,rhile the constant condition of the concrete during
the inter¥~l from Angust to NDecember,vhile the temperoture frlls
50 degrees Fahrenheit is explained by the 2bsorption of moisture,

Form this imformetion it is arparent that concrete 1lnid in
June does not btehave the same as concrete 1laid in December,as it
does not show the same m2gnitude of contraction at the exrly
peridédd nor equal movement 2t subsequent periods up to six
months, There wnas no marked contraction during the period from
July to Jeptember,arparently duc to the fact that there wes
consideratle rainfnll to prevent the concrete from drying out.

Between Septexher «nd October the contraction iz rrobably
due to 2 marked drop in tempernture,and fron October to December
the concrete remrins constont cdue to =tsorption of moisture
althou,h trere is a drop in temperature.

lhe folloving conclusions have heen drorn from the foregoing

bty the Nationnl Conference on Concrete Eo-ad Builiine:
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That contraction 2nd expension 2re ceused by temperature
chengses and by By chances in moisture conditions,and that under
cilmatic conditions similar to those at vachingston,D.C.,the
effect from these tvo frctors in concrete road surfaces »re
approximately of the game mrgnitude.

That in concrete rocds,contraction and expansion nre
sufficient to cause frequent transverse cracks unless jolnss
are provided,

lhat the actuzl movement in any particular czse depends upon
the character of the concrete and of the sub--rade, : slorpy
concrete shows greater movement than concrete mixed only
moderately wet, Lo :ore water should re used than necessary
to permit of convenient placing =2nd forming.

From the foregoing discussion re helieve that the concrete
road which ve are investigeting vill not withstend contraction
end expension as vell 2s though it had been 1l21id in June,

The climatic conditions drring the fall of 1916 vhen the road
was constrvcted alternated retveen rain&wko foosty.  xprnsion
joints were only placed where the work was stopped for a period
of thirty minutes or more, The contraction due to absorption

of moisture with insufficient 2llovrance for it in the joints
has =lreadv caused numerous cracks both transverse 2nd
longitudinal, The aprecrunce of cracks will be discussed in a

letter section,
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Section 10-

Finishing and Curing.

A concrete pave-ent whrich vill succescsfully ensver the
recvirenents of modern.trhffic nust have 2 hard dence gurfoce
vhich will wear unifoemly., The surface must he true to graie
snd crocss section,»nd free from waves,depressions and
irregularities. Such 2 surface cen bhe obtained only by using
proper methods and aprliances in striking off,finishing 2nd
curing the pave rent,

The ‘mericsn Concre‘e Institute held at Chicsgo,februery
8-10,1917 give the following sugrestions f-r proprer finishing
=znd curing a c-ncrete road:

The surfhace of a concrete road should he screeded by
mcans  of a templet drewn vith = chort saving action ata
rirht angle to the axis of the road, The heavy screéd should
ke used,and at the same time it should not ke necessary to move
this screed over the concrete surface more th=an once. Following
thés a "Smoother" should be used. Tris is frequently referred
to as a flo~t. The real intention is to smooth the surface so
it v111 conform with the finished crocs section. This smoothing
tool should alwayvs te made of 7ood.

Sprinkling vith hand pots should bte ster‘el as soon as the
concret~ surface will stard it., Hand pots should be used because
the pressure from = hose on the first sprinkling is usunlly to

severe on the surface., This shouvld te done from one to two
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hours after thv concrete is placed. In this cornection it 1is
very escential that the hand sprinkling should be done several
times before sod or earth protection is yplsced over the suric=ce,
and then after it is placed the povement should bte srrinkled
at least twice during the day »nd once at night., A hezvy split
float should be used for taking care of the joints,umd The use
of a long~handledfloaty will en2ble the operator to always work
in a normal position over the bridce, ints will liminate an
additionnl man who is necessary when hand floats are used.

The finishing should #lways be within 10 to 15 feet of
the screed,»nd this is impo:sible if the concrete is tolwet. Sole
engineers advocate the btro-aing of a concrete road for the reascn
that the marke which the broon mnkes in the pevement aid in
holding the aoisture durir~ the curing season., Csre should te
taken,howvever,to see that the broom marks are not to deep co as
to start spz2lling and impede surface drainage,

The National Conference on Comcrete Road Building rdvised
that the jrotection 2nd curing of concrete rozads and pavements
should be given careful a!tention in order that the maximum strenrth
ond wearing quelities may be obt?inggggtgs%?an thet the bect
concrete may be daaaged by too rzpid drying out of the surface
in hot veather ~r by wind,by earlyv exposure to low temperatures
or by being opened to trﬂffig}to early = period.

The Conference r.commnende . that during hot or windy
weather it will usurlly be found necessary to cover the surface
of the finished pavenent with canvacs as soon z2fter the flont-

ing as possible,and to keep this canvess srrinkled for several
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hours. This will help to prevent the formation of shrinkage

cracks,

WHen the concrete has had sufficient time to harden the

canvass should be removed and the pavement covered with earth
or other water ret ining materizl., This covering should be at
least two inches thick ani shpuld te kept throughly wet for a
period of from ten to fourteen days.

Another methoi of curing which hes been successfully
used and at a2 c~st consideratly lecs than that of earth cover-
ing and sprinkling,is known as "ponding". The pravement is
flooded so thst the water steands about two inches de¢ep over
the crowrn af the shallowest point. If there ~re no curbs,light
dikes pr tani: of clay or earth atout 8 or 10 inches wide will
retain the water,

In event th2t a storm occurs tefore all the concrete
pevement is sufficientlv hardened to prevent pitting,it becomes
necessary to protect the surface, Tha use of canvasc as
previously described for curing in hot weather,taking cere to
lay the canvass.sttips so that the coviring %ill shed the water
rendily ,1s a satisfactory wey to meet this condition.

It is advisable to smit the earth coverine durinc the fall
months in order th-t the warmth of the sun during the dny may
hacten the hardening of the concrete rather then expend its
heat in drying out the wet earth cover, The pavement should be
sprinkled if the tempersature is high during the middle of the

the day,but when there is danred of frost or freezing weather



at night,srrinklins should ke omitted on vrork only = dmy or
two old.
“hen there 1is d-nrer of frost or lizsht frerzirg,the r:ve-rnt

should be rrotecte’ hy merns of = canvaeN, . canvags coering
is much easier handlel ~nd pluced th:zn tuiliings or trr yp.rer,
zrd is mech more efficient =nd ecsromic-1. It ehnuld re renoves
the dny =tter yleecing to give t-e yrrrement the full tenafit of the
hest from the sunchine, Chovld it te recess=ir- the followir-
nicht to cover t*e concrete 27=in to rrotect it from freczinr,
at leist threr irches of strzsw,m=rch rL:v,or other siril:.r
materi=1 ¢roull te ucel,crveriry “-2 frea:h concret~ vith c2nvs:,
Fnough e-rth shouli re rl-cej ur=on tne strzy tc “rer it fron
heirgs blovn awa-,

If the concrete is 12id rrer the te-7er-ture §8,0r *=ere
iIs a prrorility th=t 1t will vithing "4 hours drogy 4e 75 Zecrer:
Fr¥ren eit or telow, specific-tinns usuz 7 ccnt-in 5 ¢cl=uce
recuirirs the vater =nd =2-cre;2%es to Fre re-teq] ~ri yrec-—tions
t2zen to rrotect the veorz freo- freeziry for -t Jezzt ten i--c,

work don~ under such urf-vor=ile coriiticne c:r rat te
g¥prctal to—4done for 4te c-~e ~cpew - {f vlocel Curing ver:
vezther, It vill te c-erer for t-a cortrz=ctor to 50 45 tre

slifrtly incre-:e7 eyrer:-e of Te-tiro voker -7 srrepatec

rather t¥sn re cno~rell=’ ¢n rem-wa -r rerl-re yoge-ert A-cooed
~ - e~ 3 - 4 > - - PR p.
tv fre~zins. In no c=2ce -noull corcrete Tea Zercoitedyyor 2
frozen cih=sr=-~,
°s . PO
me lepstn 2f 47 e racaz-ire 4. aav 4ha vccca~art alca
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to traffic depends entirely upon reather conditions., Turing

varm vea‘her the pave-ent should be kert closed to traffic for

at least fourteen d-ys =2nd prefer~hly three weeks, «hen 2 concrete
rovement has beer 15id in the late fol1l,it is sometimes necesiary,
oving to peculi~r conditions to open the road to treffic hrefore
it is nactunlly safe to do so. It is h=2rd t» determiﬁe in the fell
just vhen it is safe to open a roxd te traffic. Under such
conditions if =~hout three inches of straw is pleaced upon the
pavemnent 2nd thic covered vith three inches of earth,the surf-ce
of the ravement will be protected sufficiently arainst abrocion

to allow the oprning of the road sooner than could be safely

dore without such rrotection. This vill,however,not minirize the
danger of cdamage by heavy lo=ds., liany concrete rocds have been
utterly ruined by opening to traffic to soon.

The road which we are investigeting was not protected from
freezing excertdof a2 small section adjoining the city limits of
Lansing wvhich wes 1l»id during the month of Lovember . lhe mrjor
rortion of ro-d was cured nccording to the essentinls outlined
in the above discussion and should therefore be commnded in that
respect!. The portion adjoining the citv limits,however, was
orened to traffic to soon,those in charge evidently =csuming thot
1t wes sufficiently hardendd® vhen if renhty the hardness ras
due to being frozep -~ warm spell in December thawed out the
surfnrce and coon numerous cr=2cks arpeared,An attemrt wacs ~ad-

to check the breaking up of the surface by covering it vith






clay and clocing the road to trffic. Later the ro-d was =gcin
opened to troffic,hut the vericlrs were required to drive over
the rough clay covering.

With the arrivsl of spring the rosd apprears to have
hardened,but the surfece is badly cut up due to the cutting =nd
abrasion of the tr-ffic during the period it was used before

having sufficiently hardened,
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SLCTION XI

Construction of Shoulders and Curbs.



“ection 11

Construction of "houlders =nd Curhs.

The design of shoulders ard curhs depends lar-ely upon the
n~ture of the traffic to pracs over the ro-d,the aveilablity of
suitable materinl for the shoulders «@nd local cénditions.

The National Confe:rence on Concrete Building divided the subject
into four parts,n~smelv:stoulders for one-track ro:ds =grudies

not excceding three or four rercent;shoulders for tvo track-
roads-gr=de not exceeading four percent;cshoulders for one-track
roadsjeraies of five percent end over; shoulders on two-track
roads=-grades of five per cent »nd over., Since single-track

roa: s constructed of concrete are in the minority 2nd are seldom
built erycept for courts,~lleys,etc.,¥e will consider only the
tvo-trackk cdesign in this discussion, .e will quote the
recomeéndations of the Conference which is ns follows:

Two=Track Road =-Gredes Not Ezceeding Three or Four Per Cent:
"here 1 two~track concrete road has been constructed,that is ,
gne not less than sixteen feet wide,it vill not be necessery

choulders
to provide/for tr-ffic purroses,but rather for occasion=l
turning out. In this c=ce the shoulders m~vy he constructe’ of
earthen mnterisls,excluding 211 vegetahle or othear matter likely
choulders to the

to decay. Tne slope of thﬁ/yutter should te continuous, T.eep

open ditches should not be constructed. The slope of the

shoulders for two three feet out from the concrete should be






Sl

Put sli~ntly ere=ier than that of the concrete,=nd then should
increace pgr=dunlly ns the rutter is approached.

It is recommende? that vhere prnctic~ble theyshould be
sorn with groce ~nd thereafter kept mowed. This rill effectually
protect then from »ny cross wz2cfh 7nd 2add much to the road sidr
appearence . The shoulder slope and rutter slope should te msde
gradual so that a mowing machine mny be utilized to cut the

gracs,

Two=Track Roid on Grades of Five Per Cent &nd Over: The width
of concrete for tvo~track roads should bte not less than sixteen
feet,and preferably eighteen feet, 1In cut)aprangcments should be
mede to afford the road proper prrotection. It will be necessary
to construct a macaidam shoulder =nd in addition a paved gutter.

On f111ls the shoulders te provided with curbs if on 2 grede,

and 1dthe f111 is over five or six feet deep,2nd cen not bte made w

vide,vertical curts are to be recommended. Itw is recommended th-t
th~t the curts be 2n integral part of the ravenent,and that tie
vhole section of the road,including the face ~f trr curb,shall
be struck with a single template., But if the rord is to be grc&hﬂ
than eighteen feet wide,then vertical curbs my be used which
can be placed ~head of the construction of the pevement prorer,
2and used =s guldes for striking the surfrce. Integral curb
construction is recom.ended on rpavements not over twent: feet
wide,

The construction here recom ended,to do avav with the
shouldere and gutters on heavy grades in cuts . ~nd allow the

whole roadway to tnke care of the storm water,surrests a tyre
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~f construction to re ized or hill: vw=ere the rer=zirder of tre
roid'%of maicadan or gr=vel,rut vhers this form of c-nstruction
on the hill would hnve eycecsive nnz* of ~iffer-nce :r’
compirative hi-» firct cost of cornstructionn =z vell,

The shoulders on the ro-< urder inve:tis~tion k-ve not
been fully develored,but the vizns c2'1 far =iy feert ~f fortn
carefully packed. &n their present cor ition trew do not veet
the reeds pf the tr=ffic for tiornirys cut,for geersl nreliort;
have =alrendy ocrured =2c 2 rezult of cverturrins in the ©oft
P11t up shouliiers, e reco--erid th=t the =71vice »f the
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SECTION XII

Form of “pecificetions,
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nection 12,

Form of Tracifications.

The form of sypecifications for concrete roads vary in
different rarts of the country. The N~tional Conferesnce on
Toncrete Road Building,hovever nagreed uron a form vhich should
meet with porular arrroval for they seem to cover all the
essentials of good construction. In outlining thic form of
specific~tions, we %ill not discuss the items to he consicered
under each head for they have heen alreddy covered in the
several sections of this thesis. ‘he essentizl matters which
ghould be incorporeted in a for- of spe€ifications are
proposils,contracts, and specifications for construction., The
form follows:

1- Proyposal
l=Instruction to bidders;é-Locntion;S-Estimnte of cquanities;
4-Certified checks;5-Beginning and completion of work;6-Flans
and specifications;7-Fxtra work;8-Price sheet.

II-Contract.
9-Contract;

III-Gener=21 ClAauses.
10-¥ork to be done:Meteriels und tools;ll-Notice of beginning
end completion of work;lZ-Lars 2and ordin=znces;lZ-Frotection of
vork durbdng construction;l4-Pryments;1l5-Bond;lé~Incompetent or
disorderly workmen;l7-%orkmen's quarters;l8-Duties of inspector;

19-Definitions, (a)P~rty of the first part;(b)Party of the second

D”Tt,(C)IHSPGCtori(d)aninccr;EO-Plans are a part of the ccontract;



21-Tngineer's grade stokes;T2=-Engineer as referce;cZ=Imrerfect
vork or nmaterial ;24-Chinses in pluns =2ard quanities;TS-Contrﬁctor's
l1iabilitv;f6-Cusrantee ;7 7-Subletting contr-ct;28~-Freserving
monuments and lond merks;29-Instructéons to superintendents;

IV-Specific~tions for One or
Tvo Course Concrete Favenent,

70-Mnterials,(a)Cement,(b)Coarse agrrepate for lower course,(c)
Fine aocpregsnte for lower course,(d)As-rerrte for wearnirg course,
(e)Weter,(f)Bituminous filler for expencion joints, (gl Rituninous
materi~l for surface coating,(h)Frotection pletes for expencion

joints,(i)Reinforcing metal,(j)Gravel or chirs for bituainous

z0- 7z~

[

surfacing;2Z1l-Machinery,(#)Concrete mixer,(b)Roller;Fsarthwork;Road -
bed;Z4=Choulders 2and side rouds;?5-Under dreins 2nd leterzl drains;
26=Side forms;77-Thic ness of concrete;Z8-Prorortion of concrete;
Z9=-Frorortion of concrete for lower =nd upper courses; 40-ilacing
contraction ard expension joints;41=Mlixing ard rlacing of concrete;
40-Flacing concrete for lover course;43-Placing concrete for urrer
course;44-Finishing the surfece;425-Beveled edres;46-Curing the
concrete;47-r12cirgs the macadam or gravel shoulders;48-Cleanbng
up;49-Preparing surface for bituminous coating;5C-"preading
bituminous material;5l-Dressing the surfrce;Placing reinforcing
materials.

The specification under which the road under investigation
was constructed are those of the Michigan Otate Highway Depertment
and as far ac form is concerned are near enough to that outlined

ahove to he considered good practice.,



SLCTICN XIII

Tests of “aples Taken From Roead,



Section 13.

Tests of Samples T=olren From Road.

lhe National Conference on Concrete Road Building

srecifies that sixteen turns of the mixer bte req ired

for road vwork and thnt ten turns te set as the minimum,

The report of tlr conference rives data 2nd results of tests
made at the Structural seterisls Research Laboratory ,Lewis
Institute ,Chicago which shows thz! the average compressive

strength of concrete fit for road work shou.d be as follovs:

Compressive Strength Kemarks.
Ib.per sg.in. ’
1 mo. 2 mo.
7Z80 4920 (Consistency pronounced ideal for

road work. Slope of chute 25 degrees)

4120 5160 (Consistency pronounced ideal for
road work. Slope of chute 20 degrecc)

=280 4290 (Consistency pronounced ideal for
road work.Slope of chute 15 degrees),

The above date would indicete that concrete placed through o
chute inclined 20 degrees and using 16 turns of the mixer produces
the best concrete os'showa'lyap c anpressive tests. As heavi lo~ds
2re the greatest sources of ruin and wear,attention should be
paid to roducing concrete which will withstaﬂd heavy compressiwv:
loads.

In investigating the Michigan Avenue road we took s=mples
of concrete for 5,8,11,14,18,20,24 turns of the mixer ard also
for road run, The slope of the mixer was approximately 20 degrees,.

The samples vere tested in the Ilabornatories of the lichigen
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Agriculturnl College and the University of ichigan. For

road run we found the averagre comprescsive strensth to be

1,401.5 pounds per souare inch.which is about one fourth

that pgiven In the Lewis Institute tests. For eighteen

turns of the mixer,the average compressive strength was

4,48% pounds per scuare inch which is still lec~ than the

strengths given of concrete for roads at the Lewis Institute,
The specifications under which the road was tuilt called

for eighteen tdrns of the mixer =and the falling off the

comrressive strength of the road run from that of the eir teen

turn srecimens indicates that the concrete was not sufficiently

mixed. The road run,however,bas sufficient compressive strength

to withstand ordinary usage, Tne results of the tests follow:

No.of Revolutions. Total Load. Average. Aiix,
in.povnds. . lb.per sqg.in.
5 25,000 1:2:3%
20,440 621.2
3 27,680 1:2:2%
42,830 $34.5 0
11 100,000 1:2:2%
115,000 ‘ 2,986.5
14 120,000 1:2:3%
168,180 4,002.0
13 162,260 1:2:31
167,860 4,581.,5
20 162,190 1:2:2)
193,770 4,2175
24 197,620 1:2:7%

199,810 4,520



59

Ine tests of road run concrete shoved the following

comrressive strength,

Srecimen Total Lo~d Strength sverage wix.
No. 1h.po vnds. 1b.per sq.in. 1lb.per sq.in
19 53250 1480
€0 57420 1590
21 41860 1164
e 24750 965
3 57290 1500
04 587¢0 1620 1,401.5 1:2:21

(Note=Tests were made on six inch cubes).



SICTION XIV

Classification of Cracks

end Ceruces of Iach.
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~ection 1l4.

Classification of B8racks snd Causes of E-ch.

In previous sections of this thesis we have discussed
c2uses for crocking of concrete rozd bedgnamely dmproperly
pr-pared sub=-gred-,expancion and contraction,etc. The Michigan
State Highvay Department mide 2 survey of the Médechi con Avenue
road,vhich we are investigatin%during the fall of 1916 and
found a tot~l of | longitudinesl cracks,inno diagonal cracks
a4 no troverse crncks,and four small holes,m~kirg 2~ totnl of
1. The numhber of defective slats vas ter,

During the sprirs of 1917 we surveymthe road =:nd found 26
longttwdinal,7 transverse crﬂcks?diagonﬂl crackszand 118 sm=ll
holes m2king a totel of 149, The nunber of defective slubs
vw:s 42, The total length of the road is one ~nd one-eight
miles vith 2 tot21 of 54 slabs varying in length from 25 to 200

and cracks
feet. 1he increase in holcs/from December 1916 to May 1917
totaled 127.

This bir incre=se is due no doubt to the use of the old
macadam road ias & sub=pgrade und the effects of the first winterin-
vhich slways cruses more craclring thain suceedirg yenrs as

explained in the section on expension .rd contraction =nd

on preparation of subgrade.



SLCTION XV

Cost of Laving Concrete FKoics.
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Section 15
Cost of Lsving Concrete Roads.

Methods of computing costs of constructing concrete
roads vary, Sone engineers compute the cost upon 2 cubic yeord
basisygwhigés cthery use the square vard nc the besis of

dis

comperison., The cubic yard systen has the/ndvantﬂge of prrevent-
ing ready comparison vwith the costs of other types,but roscesses
other -advantages which counter balsarce the disadvantuge, The
square-y~rd bssis ,on the other hand,is not definite ,for it
neglects the thickness of paverent,mrking comyurison between

tvo concrete slehs of di:ferent thickness difficult. *he cubic-
verd method of rerorting gives rerented checks on the :fmount of
cstone an? agrregnte used and on the thickness of pavement itself.

The nverege cost per square yard of constructing concrete

roads ,repoeded to the issociztion of American Fortland Cement

Manufacturers,1913 to 1915 by inepectors of the nrsociation

follow:

1013 1915 1912 1915
Connecticut #1.22 1,13 Missouri ®1.17 *1.09
Il1linois 1.01 1.03 New Jersey 1.12 1.23
Indirna 1.73 0.98 New York ---- 0.98
Iowa 1.11 1.19 Ohio l1.¢2 1.0°7
Kanses 1.08 1.28 Pennsvlvania 1.16 1.C1

Yaryland 1l.21 1.08 Texas ---- 1.15






by

1912 1915 1912 1915
llassachusetts 1,29 *0.95 test Virginis 1,32 *1.03
Mickigon 1.27 1.10 Wisconrsin 1.06 1.02
Minnesota 1.05 1.11

The cost of the materials used together with the labor =nd
miscelineous expenses for the Michigan ‘venue roazd rhich we

investignted wis ns follows:

1-Gravel *37,030.28
2=Cement 6,261,52
3=L-bor 12,402.38
4=lliscel=aneous . ©,426.59

Totnl 705,121.82

#Dividing the tot»1 cost py(l/g x 5,280 x 18+ 9) we found
the cost per square ysrd to be #2,12

#Length of ro~d-1 1/8 ailes, One mile-5,280 fert,
width of concrete~-18 feet. One square yard-9 square fe~t,

The above d=te shows th2t the Michigan Avenue road cost
rearly twice as much per saqudre yard ag the avqrqg%cost rer
souvare yard from 1¢1Z to 1915 1in lichignn and other stntes
This increaze is due largely to the incressed cost of labor
and mnteriils,but it is more thar probable that the snne
road could have been constructed much more chezaply by privnate
interests on a contrnct b2sis.Time percentage basis vorks out
much more satisfactory on private contr2cts than on state
or Institutional work. In mnking this statement ve are meking

. ofhcals
no reflections ~n the Nichigan State Highway Departaent,for we

believe that theg constructed the ro-d to the rest of their

atility under the rresent conditions, There is no doubt in

our minds,hovever,that 2 corporation or individucl could huild

the sane road for a much smsller £irure






COLCLUSION.
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Cerelusion.

The construction of the Micrignn Avenue Lkosd ~ttrected

the attention of ro=zd builders in all preris of 'ichignn,btecruse

t wes the first concrete pevenent built under the supervision
of the Ilichigan -t~te Highwe  Depertment in Ingham county,the
seat of Llhe stete capitel ~»nd the Hishuoy Department offices.
The fact thet the Highwav Depsrinent officials had re-iyaecess
to the road being within wh~t migsht he termed a stones threw of
the construetion »nd could mmke mfrequent inspaﬁions,sometimas
s often as 92 dozen times a day if necesr ary,cnused road builders
to believe that the rosd vould be model of construc‘ion 2nd a
sample to re pointed to with pride and satisf?ctiogﬂykhnt at leerst
one road in liichigan h~d been prorerly constructed.

The result,however, has been rether dis=syrointing for the
roand 1n several respects does not meet the requirenents laid down
by whnat is considered good practice,es hos heen explainel in
previous sections of t'iis thecis. This cen not he ottrituted to
negligence on the part of the tiighwey Department officials,for
we believe thet they did the best they could under exisiting
conditions. The foult lies,we helieve,in the svstem used,the ro-d
having been constructed on the force system by private suscrirtion,
backed by county =nd stite funds. If there hnd been centrelization
of 2,uthority ~2nd resporncibility,the sever«l items in the srecific-
ations vould have heen rmore closely c-rriecd out. J.ack -of

conformity of the 8tate Hignhwny Specifications with specificrtions
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1:id d»own by pood rroctice is no doubt partialy to blune for
the critieism wvhich we 2re acking on the rond,

To su=mmirize we btelieve:That the drainsgse is
inadequate =nd that the old mucsd m was not scarified deerly
enourh;Thit the t-ickness of the rosd pave-ent is 0.K.;1hat
the width i tvn feet less thwn ic recommendcd by good prpctfce;
That the crown and erede are O0.K,;Thrt the sgrrepate used is
0.K. anl 2grees with the recom-endations of good prsctice;That
in the handling ~nd houling of materials not enough care vwes
t~ken to keep the materinls c¢l~an;That the proportions of
cement,>nd fine arrregete were O0.K.,but that the prorortion of
coarse material wres 2 1ittle to laggg;Thnt the concrete wes
not mixei enough before placing;That some form of reinforcenent
chonld have been used;Thnt the method of spacirng joinis is open
to criticism;Thot the road will ndt withestand erxpzans on and
contrzction wnithout serious cracking due to the seacson of the
vear in which it was built srd the failure to rrorerly scarify
the 0ld mec~dzn;That the portion of the ro=d »n:i‘oining the city
lirits was orened to traffice to soon thereby crusing - btre-king
up of the surf-ce;Thnt the shoulders should be devepdpéd further
as outlined in cection 11;7hit the form of spec fication used
vro alecuite;ihzt the road will rot ct2nd up 25 well under heavy
loais as others of the sane tvpe beceuse of the poor results
attrined in tests of s mples trnken from rosd run concrete;
“n-t the nuiter of cracks in the roed indicetes thot the curf-ce

vill be ir brd fh~re in 7 chort term of vearrs ~nd that
1 .







crreful attention must te given
m~v bs reprired we fast ¢ they
treaking ur of the surface; hot

e ceccive heing netrly twice =¢
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the ro~d in order th=t the cr-cks
aprear to prevent :» general
the cost of the road wes

uch =s rosds of similsr bhature

constructed Jin other prarts of lichigzn °n7 in other st=ztes,






