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PREFACE.

No definition of any rrofession has had wider
circulation and more general accertance than the old
one fcrmulated by Tred; old and adopted in its infancy
by the institution <f Civil Engireers.

"Encireering is the art of directing the great
sources cf rower in nature for the use and convenience
of man",

But thLe defmnition dces not limit the field of
engineering and the definition might reach to science
in general.

Wellington, it seems, came closer in the
rollowing:

"Enzineering is the conscientious application of
science to the problewms of economic production.®

Since engzineering in the comron sense consists
in solving problewrs in economic construction and operation
it should be apparent to all that cost data are of primary
importance to every engineer.

Comparison of unit costs is tre only scientific
criterion by which to judge the economic merit cf a
structure, a machine cr a method of doing work and it is

with this in mind trat a comrzarison of the cost cf
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raintenan ce cf the several types of surfaces of

wighwzys of tnhis state are dealt with in this treatise.
This wcrk was carried on under the supervision c¢f

G. C. Dillman, Deputy Ccrissioner c¢f tie lLiichigan

State Highway Departrent, and it is to him and his office

force that we owe t-he pessibilities cf making this

study.

HISTORY

Kichizan has approxirately 6700 miles of State
Trunk Line highways laid out in accorcdance with certain
acts of t-e legislature, the first legislation of this
sind bein:s enacted in 1913.

In 1919 the law was changed in that all con-
struction and maint:nance neretofore supervised by the
¢ounties was to now be transferred and all maintenance
and construction of these State Trunk Line rovtes were
v0 be put under the direction, supervisicn and control
vf the State Highway Coumissioner.

The State Highway Commissioner contracts with
all counties t=e first of each year fcr trunk line
maintenance for the ensuing twelve months. These con-
vracts cover all work to be done as near as can be

estirated and this cost is net in tre first instznce

.



by counties. Tre State Highway Department then refunds
.0 tie counties every trree months frou five to fifty
~ercent of the total account svert, upcn azoroval of
itenxized staterments of county expenditures. The
percentage the state and county ray in each instance is
based on the valuation rer trunk line nile fcr each
county.

The valuation per trunk line nile is
determined for each county by diviaing the equalized
valuation for each cocunty by three times the nunber

of surveyed tcwnzhizs in the county.

LETEODES OF LAIUTEIIANCE

A1l Trunk Line routes y.assing throuch or
in connection with counties are divided into sections
(as shown in Ajpvendix 11 on blue prints) fer convenience
of handlingz the work and as an aid in keepine accursate
cost data on maintenance.

So far as is practicatle one maintenance

section covers but one type of surfzce and it is with

is deals,

m

tnese cne type sections only taat this the
All maintenance costs are distributed to

the follewing itenms:
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1. Work on grade,
2. Brid:es and culverts.
j =)

« Dragzinz and zatching.

5
4, Dust Layers.

(0]

5. Rezurfacing.
6. Sncw removal.
7. Roadside vlanting.
Suservision is an item of consiierable amount
in tie ag regate but the perceatz;e is small for

dcllar szent and is not considered in connection with

this study.

TRAFFIC CEIEUS,

The State Highway Dernartment crganized for taking
traffic census in most counties in lLiichizan curing the
sumrer of 1921, Census wastakern at certain vreletermined
stations, the staticons being located where traffic varied
fron the lightest to the hezviest. In rost cases the

census reriod was from 7 A. i, to § P, ¥, , a totel cf

14 hours , however, as some stations were adjacent to
the larger cities twenty-four hour counts were taken.
Before making a study of the census all cf trhese were
reduced to a twenty-four hour basis by addinz ten percent

to all fourteen hour counts.



The State i hway Derartment nas computed
from various trafiic census tihzt the avera~e trunk
line road carries a traffic, from G P. M., to 7 A. L.
of aprroxirately ten nercent of the traffic of tle
day.

Trhis traffic census taken in 1S21 carried with

it a cost of approxirately §8,000,

LETHOD

As was menticned in the Preface tlre only true
system cf ccriaring the cconoxic nerit of a proposition
is by @nmrarision ¢f unit cests, and the unit rere

-

consiaerel tein: tie naintenance vehicle mile ccst i.e,
Tihe cost of maintenance on a road for the passage of
one vehicle cver cne rile of surfzce,

Cf tkhe eighity-nine trunk 1lines in the State of
Yichigan tiis thesis ceovers 17 which are tyrical cf the
wnhole system.,

In this study six tyues of road surfaces were vsed.
They are witk definitionm 2s taken frem BElancrards'
American Highway Encineer's Hand Books as follcws:

1. Earth. A rcadwzay corzosed ¢of naturel earthy

raterial.
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2. Gravel Rcads c¢f three ty:es. izturzl :ravel
roads, rcads tuilt by tre surface netihcd of constructicn
znd roads ouilt oy the treach sethol of corstructicn.

3, Vater Bound ilacadam. A rcazi crast cowposed
cf stone cr sinilar rat2rial broken into irre-ular
frogrents cox ucted tczetier so as to be interlocked
and recranically Lound 4o tre utmest poscible extent.

4, Bituninous lacadar.. A rcad ‘zaving a wearine
course of nmaczdanm with the interstices filled by a
venetration ret.cd with a citumirncus inler.

5. Cement Concrete. An intimate mixture of
:ravel, skell sla. or Ccroken stone rarticles with
certain srouorticns cf sana or sirilar raterizl, cement
arnd water made -“revious to placin:.

€. DBituwincus Ccnerete. A rcad ccuposed of

broken storne, brokea slag, zravel or ehell without or

Wit s=znd, Portland cement, fine inert nmateriel cr
cor>irations trereof, and a hituwincus cerent incer-

vorated to-etier ty s wixin: wethed.

VEZICLE LIILE COCT CCUPUTATICH.

As to tie rethicd of conguting tre veticle mile

cost, we will 2escrive from the taxin_ ol tre trafliic cen

tiod used on Trunk Line

[¢7)

to tre final ceonclusion, tire w
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Route lic. 17 lyir:- Letween Cadillac Sgquare, TCetroit to
the intersection with Trunk Line Zo. 11 at Vatervliet.
Durine tle summer cf 1621, as ras been stated,
the State Hirhway Decartwent authorized the County Road
Coruzission cof each cocunty in the state to take traffic
census roints cn State Trurk Line rcoutes deternined by
2e laintenance Devartio.ent.

Tre cen3zus were taken at tiese predetermined

Hh

tre

s
(@)
[

.
:
t
wmn
'_.h
:
:

cllowinz warnner:-

A count as skLosn in (Appendix 11) was taken at
Junction <f Trunk Lire !lo. 10 znd o. 17, Cear-orn
Township, Wayne Ccunty on Tuesday, Aurust 2nd cf the
followinz kinds cf vehicles.

1. Single horse

2. Double team (Light)

3. Double te:r (loaded)

4, otor Cycles.

5. 2 Passenger cars,

6. 5-7 rassenger cars.

7. Busses,
&. lotor Trucks 2 tons znd less
S. Motor Trucks 2-5 tons.
10. Motor trucks 5 tons and over.

1ll, Trailers.



The sane count was rade on Wednecaay and agzin
on Saturaay; tre 6tr and so on until a weck of traffic
data 1=z3d teen corpleted.

Cenerally counrts were taken on a certzin day c<f
tie week and tren walt two wecks and one day and tsake
ancther ccunt until tre wezk was ccunpleted, thus getting
an average ccunt .er day cver & reriod of severz2l montls.

After tie counts were taken tre data was sent
to tiLe State Ei:nway Tegertment tc te filed, It was at
trhis voint tlzt ve taore un the study <f lzintenance
Velicle l'ile ccst.

Cn tracing cloth, mileage c¢f surface in convention
was platted as shown on priants in Aggendix 4., Cities,
couvnty lines and nzinterance secticns were alsc rlatted
ir. toeir proyer lccaticn.

The next date inveclved was teken frow nzaintenznce
ccst sreets shown in Ap-endix 3. This cata was ccllected
frow the Zifferent counties thrcu.h wiich state trunk
lires were rcutad and rzintzined, and tavllated acceriing
to trunk lire route nurbers,

¥aintenance ccsts cn this steet were first tabulated
rer section cost and this fi:sure, Zividedl by tie nuuter
ef niles in tre section, ave the average maintenance
cest er wile cver tie section.

In plattin> ontc t e tracinss shows in Azrenlix &

the traffic census rer 24 heours wes platted at its
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resgective rositicn on tie iaycut ~f te trunk line.
A traffic curve was tren drzwn throu D these roints,
e averaze nzintenance cost was nlatted accoording te
secticns in a veavy dctted line.
In orzer ¢ compute tie venhicle mile cost as
per exanple on Sec. 4, Veyne County of Trunk Line route
E6. 17, tre trafiic curve wzs first rzai zud tle
averzze amount ¢f traffic rer 24 hours deterninel by
cettine the mean of the curve cver tie 21 riles in the
sccticn,

Sirce tie raintenznce cust is given ger year
it is recesczzry tc use the zmount of traffic -er year

lso.

w

ais was found »y rmultiplyin: tle average auster

of venicles ~er 24 lours by tre ccnstant 200 vhich is

a figsure @8 Lhas been stated, was determined by tre

e

Yaintenance Divisicn ¢f tre Ctate Eichway Derartment .
Tre average raintenance cest -er riile ver year
divided by tie traffic ier vear whick is corruted by
tle orecduct of daily trafliic tines =zCO, ~ives tre
vehiicle mile ccst cver tre nmarticular secticn which in

the exan.le siated isi-

4100 + 2100 x 200 = 620,0CC vehicles a year.
e



1C.

ct

Realin. frem wzintenzrce cocst srests,

rile fcr CSec. 4 = f1114.00

n
ct

Q e
~ LN

3
5]

Averzge rzintenance cc

Jl11k,c0 = ¢.,C01% - Vericle rile ccst.,
620,000

This was tres olzttz2ad in Lorizontzl solid lines
tcve ezach secticn.

Thais sase grocess was carried trrcush on the
geeventeen trunk lirne rcutes taken in tns study and
a £inal zurmiary whicn is shown in Sec. B cof Aprenlix
1l wzs rade after tve raterial in Ssc. A of Ar endix 1
nad veen taken frowm tre »oin*s.

In tre surm . ary it was only possitle tc use
rnaintenance sections coentaining one surface tyvee .

These sections =znd vehicle mile ccsts were
tatulated and averaged by adding the tctal vehicle
section ccsts =nd liviairns by the total nusber of riles
cf t.e tyre tzken.
1

ur ary

p
w
fﬂ

Thvs tre fi-ures zrrived at in tie fins
is tle average vehicle rile rainterznce cdost for each

tyce ceonsidered.
CONCLUSICT
In conclusion, it czn ve szid trhzt a study of

this sort is very .ensrel in its character thous=h it

ccvers the various tvoes of Lizhways in every —art cf



the state znd ertracingz prractically everyv tyve cf
maintenance, surface, kind and amount of traffic
which our Iiichigan hi-hways encounter, it =zives
fzirly accurate results.

The comwmarison cf tre vehicle rmile maintenance
tyre costs show that per vehicle, an earth road
reguires reore raintenance tnen the other types
considered. Grovel rcads seer. to :ave the wean at
about .57 of a cent per vehicle mile.

Biturinous and cement concrete require according
to this study .18 and .36 of a cent resiectively.
Water bound and vituminous wacadarm uphold a vehicle
mile cost ¢f .6 and .36 of a cent each.

The posesibilities of carryir= this thesis
further to fina tre tctel vehicle mile cost of each
tyce insteada c¢f the naintenance vehicle mile cost
would zive a true comrarisdn of tte economics of

the sever:l surface tyres involved.
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