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ThisIS OUTLILZE

Peaign of State Trunl: Line [l0.92 - 1.

l.0bjects in View.
a.To learn more efficient methods of Lighway surveying.
b.To investigate the problem of lrighway location.
c.To study survey party or;enization.
2.Preliminary Survey.
a.Cloice of tangent intersections.
b.Curve determining factors.
6.Tying to establisked corners.
d.7itnesses.
e.Re~locations.
(1).Torograrhical survey
(2) .Property survey
3.5taking.
8.Curve conputations.
b.Claining and liaing.
c.llubs and mariers.
Ge.Running curves.
4 .,Beaches.
a.Position and frequency.

b.U.3.Geological Survey Beuch l.arks.



5.Continuous Levels.
a.Cross-cections.
.Drainage.
c.Grace determining Factors.
d.Clecks on Benck l.arks.
e.3cundings.
6.Topograrl.y l'otes.
a.3ketecling.
b.Zrainage Structures.
c.50il.
7.Construction Plens.
a.Torocgrarhy.
b.Prcfile.
c.Cross-sections.
d.Loying the Grade.
e.Grade Computations,
f.Graae Inspection.
g.llotes.
8. Irite-up.
a.0utline,Biblicgrarly,aend Intppduction.
b.Preliminary Survey and Ile-loceticn.
c.ourvey letlods.
d.Drainage and Trainage Structures.
e.Plans,

f.lioves,Blue-prints,pPl.otographs,etc.



INTRODUCTION

The highway selected for this thesis is kncwn &s
State Trunk Line 92 - l,and is divided into section A
and section B. Section A is & continuation of South
l.adn . Street in Chelsea,liichigan,and runs in a scutlrerly
directicn uatil it intersects the Federal Aid Road 35.
Section B is a continuation of llorth liain Street in
Chelsea end ruas in & general north-westerly direction,
entering Stockbridge from the south oa liain Strect.

The State Highway Tepartument has been for scme
time contemplating thre improvement of this truax line,
thus with the cobBperation of and in conjunctica with
this department,we wcre able to make all preliminsry
surveys necesgaery before the estimaticn of the cost
and tre letting of tle contract.

The selection of this thecsis was goverened by tle
cegire not only to work out some of the commonly used
highway methods viewed in the lighkt of efficiency,but
to try and devise better and more econcmical methods
tran the comionly accerted ones. In view of tle fact
that several membere of the thesis prarty were already
familiar with the methods employed by the State Highwey
Department of llickigan,we believed that tl.e benefits
derived from such a thesis woula be far in excess of
those that might be gained from a purely experimental

.and theoretical one.



Owing to the fact tlLat thé roaGa,as already estab-
lished,did not follow,except in a few instauces,the
gection line,there were many problems continually ar-
rising that would ordinarily have been abgsent in a
Lighway that followed more nearly straight section lines.

Our analysis of rresent survey nethods on highweys
lead us to the ccnclusion thet slightly different
orgenizations of survey rarties would greatly fecilitcote
the preliminary survey work. 7e were able to try these
changes as the survey progressed to find whkeiier or not
our escsumptions were Jjustified.

Tre aettempt was made to werk out this tlesis in a
thoroughly practicel manner,thereby securing valuable
informetion which would be beneficiel to the State High-
way Depaertment as well as tc ourselves ia tre future.

Tlie problem of road reloceation confroanted us in
geveral instances,and rnecessitvaved a careful stuay of
the governing conditions as well as close attention to
the econoimy and aesthetics of & ner prorcsed roadwaye.

This thezis gave us an orrortunity to familiarize
ourselves with & larger part of tle legisletion in tle
State of llickigan perteining to lrighways exd rarticular-
ly to thet rart which directly concerned us in the
establishment of the road es prorosed. Roacs which are
built under tre direct supervision of the 3tate fall
into three classes as devined by State legislation.

These are Federal Aid roadas,Covert Act roads,end State



Trunx Line roacds.
Special legislatitén las bemrn passea by bcth tre
Federal government and tre Dtate c¢f llicligan relstive
to such rart of these highways &s concerns each,anda a
clearer ccurrchension of these acts may be geined from
direct quctaetions from tre laws themcelves in rart,
Trocse roeas that are called by thre State Federal
Aided Roads are those that the Federal government,acting
through pover grunted trte Terartrentv of Agriculture,has
defined &g Post Roads,all of these higlkways in the 3tate
of l'ictigenform a part of tlhe 3tate Trunk Line Systien.
Tl.ey become Federel Aided Roads only after the State
has improved trem in acceordance with these arecificaticns
required by thre Trepartment of Agriculture ana after tre
aprrcval of tle road by Federal inspectors. Tle Federal
governnent,after arrroval,reiiiburses the 3tate to the
éxtent 50 of tlLe total cost of tle road provided that
the cost dces not excesd 40,000 per mile. 3tate legis-
laticn in the Public Acts of 1917,I0.99,3ection 3,in
regard to Felerel Alaed Roads,states:"Counties working
under the so-called county roed system" - a system pro-
viding for mrt c¢f the cost of & roed to bes borne by
tre State after its coastruction eitler by the State or
by tre county itself -- "havii; a valuation per trunk
line mile of lesc ttran £0,000,sball yay five percent
of tie cost cf Federal Aided roads;counties Laving a

veluation of riore then ;50,000 per trunk line mile end






more than 75,000 shall ray seven and one-ralf rercent
of the cost of Federal Aided roads". Tluas a slidiag
scale continues up to counties having & valuetion of
mere than 2500,000 per trunk line mile,and these are
required tc pay 25, of the cost of Fecderel Aided roaas.
The act states further:that "in each cese the Ducte
rays the remeinder of the cost from tle State fuuds
apprroieted for this purpose zund frcm suel funds gg Lay
be allowed to ezach project by the Fedoral govern:ent.
Trhe cost of the preliminary work,including plens ana
surveys,slall ve paid Ly the State. ----- Tle valuation
per trunk line mile of any county shall be vetermined
by the dividing of the latezt State equalized valuaticn
by its alloted trunk line mileage."™ Sectioan b of tlre

serie act continues with the yrovisions for neintenaace

n

trict
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of these roads as follows:"Tovnshkips,good roeds Gi ’
and counties in which Federal Aided roacs stall be built
are hereby required to levy annually and raise by gen-
eral taxation tleir rrorortion of tie cost of meirten-
ance of c44d Federal Aided rcads,which prrorcrtion shall
be computed on double tre basis as thet provided for
construction in TJection 3 of tris act, —--=--- The remain -
ing portion of the cocst of maintaining Feceral Aided
roads shall be raid out of any other State highkway fund
not otherwice appropriated.”

The Covert Highway Act of 1915,under which tlre

so-called Covert Act roads ere built,provides & means






by which the cwmers of rroyerty cbutting the rcad may
secure its improvement. Section 4 of this set staves:
"Thenever the owners of wore then sixty recrcent ol the
lineal fronte;ye of lands fronting or tcucling upon any
highway or porticn thereof,desire to improve such Ligh-
way or portion thercof,they uey file eprlicetion fer
such improvement to tle county roed comnissicner of tle
county in whkich such highway is situated,unlesz thle road
to be improved ig a part of a trunik line rocad,if seid
county has edcpted and is operating urdcr provision of
ClLapter 4 of the general highway law and emendmentis
trereto ----- Tre eligibility of signers tc eany eappli-

cation hereby authcrized stall be determined by tleir

interest of record in the office of the register of deeds
or in the probate court of tle ccunty in whichk such landsz

gre situated,at tre time the retition to ----- Thke

State HEighway Coumissioner.” Here en intcresting rlase
of the relations of the 3tate Higlkway Terartment to tle
rrcrerty owaners erose on tkis perticular rcocd ccncerning

the foregoing law. Tle law does stete how tle eligibility

Q

of the retition signers g8hall be determined,tut it does

C

not state by wkow tle exyernse of looking up tle recoras
ghall be borne. A rroperty cvmer on the roaed whko wes
circulating a retition refucsed tc bear tlis experse,

ané without autlerity it was izjpoesible to stift the
cost on tlLe county or tcwashirs. A ccnference with the
State Higlway Cowmiscsioner brought to light the willing-

nesg of tre departmsnt to zt2nd this exrense.



2ceds that ere improved uwnder tie CTovert Acu are
gubject to tle regulations rrovided by tre genreral Yigh-
way laws of the 3tate,and rey include,nct cnly strictly

Covert Act,or Assezcsnient District,roacs,but Jic

Lines whicl will be fully discussed laver. le generel
higltway lew yrovides for tle rert roient of (le cost

and .aintercnce of roads,ﬁuilt accerding to state sreci-
fiaations,by tle State. Ia eacl cacse tle stav
of the cost of constructicn up to & maximum liait of

¢78,000 per mile in thre case cf types F and G. Tle law

however states thet:"len ssct rocas ferm a part cf tre

State Highway 3
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13 uuaer tle provicions
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of Act Nc.%34 of tre Public dcvs cf 1913,as ameided,
they chell be eatitled to stvote revera cf aid amcuating
to 50, of tle cost of suck roeds up to but rnot exceecdiag
+15,000 rer mile.™ Tle road now in question is rart of
e trunk line road retitioned for uacer tre rrovisions

of tle Covert Act.

Truniz lines ian tlhe Stetle were Cesignated by Act 724
of tle  Public actz of 1013, Tivision 10 c¢f tris act
rrovides for and names vhe different lighua
shall ve called Stete Trunk Lincs in tle sectica in
which tre roed is locsted. Altlcugh tre road is nct
mentioned srecifically,autlerity is graented is thi: act

to tle Lvate Yigkway Conuniszioner to d2

m
0

igneve 1

guch, It states:"Provided trunic lires way b
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¢ cloce gors in iwrortent wein righweys ----- Tle
State Highway Coundssioner shall reke rreliminary
surveys and such other investigetions as hLe uey de:m
necezsary of one or more routes for 3tete Trucx Line
Eizhvays --=--- ". Tkis pcrtion of road in gquestion
cloces 2 gap between the Trunk Line frou Landing tlLro
3tockbriage to Clelsea where it meets tle Federal Aided
Road.

The l'aintenance Acts of tre varicus rcads of thre
State are so closely interwcven tlet ther skculd be
discussed as & wlrole rether tlaon by tyres of rocadse. The
Generel righway Law in Clrepter 1l,%ection 12,states:
"Thet whenever & line road cr bridge 8hall have beecn
laid out or established pusu=nt to rrevicus sections,
the officers whke refuse or neglect to construct or maein-
tain thleir desigrated portion trer<of in a manner
reasonably safe and fit for public trevel,then the Stete

Highway Comniissioner shall urpon retition cf seven
freecrolders of eitrer township,inspect tle merits of
the petition,and if said Highway Coumissioner decides
with the retitioners,re shkell direct the officers of
gaid township to which tre road or brid: e beléngs to
g0 construct and maintain sucl road cr bdbricge,and in
Gevault thereof he skell be authorized tc cause saoid

road or bridge to be placed in condition safe and fit

[of)

for rublic tra¥%el and rey for same cut ol the lighway
fuad,ana render bill for the scme to the rrorer officers

of such townshiy or tovmships,which bill shell be paid



oin tle werrent of such cfficers and the emcunt thereef
returned to the State Treasurer to re credited to tle
righway fund". ror this maintenance or construction,
Section 2-b c¢f the same act gives the 8tate Hichway
Comaissioner tre yower to condemn for road work suck
lands as contain gravel,stcone,and other material useful
in the ccnstruction of highways. lection 16 of the same
act provides as follows:;"A county,good roeds cdistriets,
or towmship that shall maintain it:s roads in accordaic
with specificctions prepared by or arrroved by the State
Higkway Commissioner,shell be entitled to an annual
maintenance revard egual to six percent of the totsal
State reward rrevicusly raid to such county,zood rcads
iistried of vowaship not counting any roads thet mey
Lave been accepted for State revard during the current
fiscal year;Provided,that no mile of road ckall be
entitled to more tren {100 maintenance reward in one
vear,.," Contracts end egreements may be made between
counties and thé townships containing Trunk Line Roads
providing for the maintenance cf such rcads. ‘le laws
prcvide that in default of such ccntract tle 3tate
Highway Coummissioner may proceed with the work and
collect the cost of such work from these counties or
townships.

The exact procedure followed in the case of the

State Irunk Lire 92-1 in order tc secure its imyprovenent



wee ag follows:A petition was circulated vucsr the
provisions of the Covert ict,by lir.Samuel Boyce,a
rroperty cwaer cn the road. In as much as the road

wag part of a 3tete ‘runk Line,the retition was trans-
mitted tc the State Highway Cormmissioner alcig with
evidence of the eligibility of the signers as pro-
vided for in the same act. The petition wes approved

by the 3tete Highway Comnissioner and the survey instruct-
ions given to the Zngineer of Surveys of the State
righway Tepartment. Altlhough the retiticn has been
favorably acted upon end & survey made in accordance
witl the legicslation prcvided for it,there is no cleauce
in the law wriel will cause thre 3tate Higkway Tepertment
to authorize constructicn at once,thus the actuel
improvement of tre road must wait the convenience of

the State Highway “epartment.

At the beginning of th: work,an agreement was
entered between the 3tate Highway I=zpartment esna the
thesis perty by which the field expenses were to be
met by the Highway Department. I Lese expencses,incluaing
a truck for transportation and such unskilleda labor
as it was necessary to emrloy in the field together
with the customary board snd lodging aftiorded a verj
economical means for the 53tate to have & survey made.
T"he arrangement was satisfoctorilycarried out as far as

each party was concerned.






LI I1LRY SULTTY

In the eerly Goys of now gettlenienvs,roads wore
:ade or ratler existing trails were wicened . TEe:ze
trails were usually first esteblished according to tle

4

line of lesst resistance enda witlout any regcerd o

section lires,and no ccasideration was given to future

ia]
®

cuirements ctler than tlre easiest riethod of couveying
coode from one place to enother. Tlis is slown by
protograph Jo.1. Tlese existing roads cflen ccntain
curves that are dangerous to medern traffie,os slowan by
protograeplks os.2 and 3. 0ften,the ¥isic:z is obstructed
by tigh banizs on tre intrados of the curve cnd & steep

drop on tle extracdos,gs tyrified in the former,iakin

]

n

[}
g

an exceedingly cdangerous situaticn. In 11ctegrapt 0.3,
{Le cxisting rcad follows 2 raverce curve along vhrich
tlie vision is obstructed by tle banks and core tirber,
aldowiiug only e maximuu sizkt cof trree Luidred feet.
TLis elijnuent of tle cld traveled way nay be greatly
inproved by a Judicicus choosing of tangeats to cliu-
inétec tlre general sinuosity of the 0ld line and by
flettening outl or widening sharp curves.

TlLe existing roed,in the mein,wes alrcady locetec,
end the necessity for tre location cf & new one did nov

a4

often orise,and wlen it did,canly ia com:aratively

n

Jort stretclice of road. The original loceticn in thlese

rdeces nay lave been it ond yroper when tlc reozicn

Jo.






was new end vréevelored cnd the reens of trzvel crude,
4.1 4 -t

btut the increace in trie emount 22d tle cranse in the

clerecter of it,justified scme coucicerable clengec.
Ia yreyesing these clanges,ws node o vrerough siuly
of tle existing co Gitions ound ol vie torogrertical
caturcs of tlre lccation tlrcugh vrich tle reod iz to
I.ig work of re-lccctiion,ve coigider iv

- g s .
2c8,iCr 1

41

most econcnicel to spend coansiceradle tiue in tle

iavellizent stuldy of tle terraia. The impericiuce o Tle
gselectionr cf dle bazt rcute wos borre ia miic 2v ¢ll
times beccuze on error nece in this firsv stage of

rocG makxing would couse a leavy eipence Tor rectificution
and uavil rectified i.rocse e peryetualvex upc.: tle
puvlic,for tle roacd o= ccastructed will rrobably

gerve Icr uony geanerations,and a:z the grewda

of tlie surrounding ccuatry end tre locatica of build-

exreasive tc clange tre leocaticn. “coneny,forms o true

o’
3]
(O]
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1 {4]
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or prorer lccation;tlrat is,ultinnte econcy
fulfilling tYre recuirc.eants trat 4le route should be

as direst =g proszible,subdect to droincge recuireneants

Y

-

©
o

level as peoesible,cnd yet acltieving the bast resulis

£
ot

the least present aud future exyrense. Tle locabion

i

m

not,however,catirel; a queztic.. of econony,since

the lccetion :hould be made =it refer-irz- %0 tlre ccnve:

'.
e
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end cc.fort anl also to the plecczure of those whe
use it. Lilzewise,attenticon was given to otler p

full nowledge
us o
foundetion

<cter ¢f

ghevm in rrotocrarph Io,

-
v

of a nature of

izn

cetermine tle mecsd

1 vwi.ich curvesure and

of whiclk wes

cruatry road

(59

cal acdvant
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noc economi
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vl ere
I, could Lave been
other worcs,our

eiss

8 reilroad recorn

[a7]

m

obtained in

obtein it involeec,in mn

of tle rcad and to

o

tas
a straight
cbiveined
tle trees,buv insvecad,two cef

prelininary
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~CSe

lecy
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nce or

tance

mein points concidered on account of tre nuwuerous
tions in vle road. In 2 less devious road thic su
would notv lLave been necezgery. In this survey we
PI's (Point of Intersectici) leoviang in view tlhatb
rroposcd recad srould fulfill four veguirecments:

Tlet the

1.2 '-yl", ey
Tighway

extent the commercial,a_ricultural,incustrial,-nd
eeztlretic interezts of the community.

(2).

a
~

TrLat otler conditicns permitting,natural or

ticn

survey

>
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shoula develore to & neximun

4.9.
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(ZY., Tret tre omeoundt of cut cr £ill zhcocull be reduced
to a mininun,
(4). Tlat loung,cccy curves skcoulld be subatituteld Jor slary

ohes.

In rhotogrerhk I'o.5 & rortion of Jke rcad is showm
where the ercellent foundation was the determining
factor for tle loceticn of tle center-line,tlerec bei.yg
a 30-foot grevel roed and witlh practicaelly nc cut nor
fill.

I order to reduce tre amocuat of cut or fill to e
minizum,the PI of the curve slrowm in rhotograph 0.6
wes so estoblicled &g to rrovice a resavy sicde cut to
balance tle Leevy sidé fill. Tle fill was necessary =0
thaet a louager curve cculd be used insvead ¢f tle rresent
stary one. As tle graae lecciuns %o the curve is of the
maxilum rercentese,anc tle preceat surface will make
o ¢ood founcation for the future road,this method ef

providing the necessary earth was uczed rether tlon the

(o]

uvting dowm of the prresent grade. Tlis same nethed was

durliceted &t the leocestions shown in pletesrapkes Ilos.2 end 7.

On orcer to preserve the eecstletic side of tre

»recent road in eddition to what ¥ already been meonticned

3

the PI of 1L rertion skevm ia pletopreyl IT0.8 vas

£
ct

ecitcvlisred so0 tret tre trees will zot be eflzeted.
TLe PI's of tle rocad skewm cn rleve rapks los.2,3

P

end 7 were set with o further view,tlat of rrecouticnary



zé.




measurcs. Twe of tlecse curve locetions rLave Ddee.l

[}

«

discussec yrevicusly but tle tlird iuaclude:z a breach

2

road which leaves the rresentv rcad o.r the curve,ond

-

we Geciced thet,if for nc otler reason,than that cf
a safety meacure,tlis ecsteblichiient was [actified.

In addition %o tkis it also reduced tYe cuts andg filld

n

at this point by providing the eartk necezsery to get
& good grede.

In the determination cf tle prorer curve,tle
ceflectvion engle ond the length of tre ricst suitable
external were,in the niain,the determining factors of
the curves,except et tle right-angled curves vhere tlLe

recius was the other prime factor. The State Hi

C’)
%

Tepartment Las placed as a miniicun a radius c¢f 100 feet
Tor right-engled curves but in the location of rlLotograrl
1049 tLkis would not serve gince there ic imrroved
property on thre ineice of the curve vhich would be
canezed Lo scme exvent by a redius of 100 feet. Jearlces,

n his handbook on Eiglkway Tngineering,suggests a nethed

[wH

as chowvn in sketeh I'o.1 but &z this curve was atv a

road inter-zection the adcrytiong of this methed would
mean the plecing of & kirnk uniecessarily in vlet is now

a Tafrly straight road and alse the eccuiring of rrop:oriy.

e decmed it advieable to edopt th:» chorter redius of

66 feet.












2Q

Thenever it is possible,tle ccuter-line of tle
road shtould coincide with section lines but we found
e condition where this situstion could not be obtoined.
From sta.714 to ste.752 we found en ezcellent road-bed
of geod ¢rade,well-centered on & large culvert in good
cendition but tre center-line of this road was nct on
the section line but varying at one end 10 feet and at
tle guarter correr 2.5 feet. Te could reve uced the
gection line ce thre determiniag fesetor but by so aoing,
prorerty would have vo te purchase8,a new culvert built
or the present one lengthened,ond cirt borrowed to
melxe tle necessary fills «s & port cf this line wee in
the village of Ltockbridze and sufficient cut could nct
be obtained. Further,by following the section line,the
new ceanter-line would not have bisected the distance
betvesn present ~utters. In view of these feects,the now
center-line was mace to coincide with the center-line
of tre rcad as it now lies rether tlren vith tre section

line,
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RE-LOCATICLS

Amcng the fundamental rules which govern the design
of a well planned highway is tle rrinciple that a road
gshould be as direct as the topography and ruling grades
will permit,though not so much so =2s to produce a mon-
otony of elignment. In the improvement of present loca-
tions such as we are chiefly concerned with in Illickigan,
this amounts to the rroblem of securing minimup curves
aend grades on & possible new location with a coanseqguent
shortening ¢f distance. All of this must be obtained at
a reasonable expense for,after all,the problem of high-
way re-location is one of economy. From the standpoint
of desirability there are many considerations such as a
suitable fousndation,ruling grades,limiting curves,grade
crossing elimination,property values,detouring disteance,
aegthetic features,and urainage possibilities. Due to
the importence of the subject,the Highway Department laz
recently created the positica of re-locetion engineer
ani adopted the policy of thoroughly investigating every
possible opportunity for the improvement of our highways
gystem along this line. In the survey of 5.T.L. 92 - 1,
we have studied the subject from every possible angle,
realizing that the rroject as designed will be & permanent
fixture and that,if a re-location is ever to be attempted,

it must be done nosw.



The first chence for re-location occurs near
station 85. At this point the o0ld road curves to the
richt,as shon in photograph No.lO,down & rather steep
hill axzd then reverses to the left across a low gully
sbout 400 feet wide,rising at an 85 grade to its former
elevatioan. The steep grade of the preseat line and a
hidden view cauzed by tle reverse curve are tlLe worst
features. By proloiging the center-line as brought uy
to this point directly over the Imoll as pictured in
photegrarks llos. 11l and 1l2,on tre left of tke cld road
and runaning in an easy curve to meet a tangent on the
0ld center-line beyond the present reversal,the situa-
tion is eantirely relieved. Although the grade as laid
calls fer a maxinmum cut of nine feet,tle distance is
stort and gravel will surely be fcund & short distence
below the surface. This cut will do ewey with the knoll
which has been cbetructing the view and still keep a
good intercecticun witl the right fork,tle whkcle yerdege
being used in the fill at the forlr of the hill. Thle new
grade will be ounly 24% whkich is much lower tian could
Lave been rcecsible using the 0ld center-line,without
filling the road to thre right for sowe distince. As for
expense due to yardesge,it will be comparatively small
due to the short haul and easse of excavetion. Probably
about 3/4's of an acre of land will lrave to be purchased,

but the owuer is willing to sell reasconebly because df

.the increased value thre imrroved highway will give to hLis fav.,






TLe 8], grade at sta.95 is reduced %o 57 by
making use of a mouad of earth a2t the left of tle
road,stown in photograpk Ilc.l3,wrich offers one of
the best pprportunities for chear excavaticn on tre
whole project. This mouada obstructs the view on tle
curve wrich ig anotlier recson fer itve removal and
use as o fill,

At sta.297,tle present center-line curves to tle

Ui

left ernd follows the yath a the uprper half of a letter
befeore straightening out as illustrated in pkctograph
0.14, From all apreareunces,tle reasou for thkis recul-
iar loceticn wacs to prcvice a slortver cross-over on
the iatervening bog. AUV the yresent tiue,the soundings
taken indicete that a direct line of crossing is as
good as tle 0ld line. In eitler cacse,tlere is 2 uicsteance
of erryroximetely 150 feet vlicl kus a coubtful founda-
tion but witl: the new alignuent tkere vill be about
200 fect less road to build. As for a foundation for
trhe drainage structure required,one place is as good
ag the otler. The expence involved in securing tle
recegsary rrorerty,ab:ut en acre,will be rartly bel-
gnced by the shorter distance necescary to build.

By far tlke mcst irregular phased re-location on
tle whole rroject extends fecrwsrli from stg.327.
Apparently 2ll tle rales of economic and asecstlretic

cliggl.ent are csacrificed for tle concideraticn of

24
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¢irectness. At tle very begiuning,a twelve luntred
foot radius curve puts a new center-line ‘Girectly
ttrougl a row of trees on the left of tle yreseunt
road-bed as shown in plrotogreplrs Ilos.ld and 16.
llowever,an analysis of the situation slows that a
curve of chorter radius involves tlie purclase of
property on the left and tle destruction of pert of
g young orchard. A curve of larger redius is entirely
out of tre guesticn because cf the deep gully at the
poirt of tangency as cstown in rieture To.l7,and the
consequent necessity for keeping tlhe center-line as
fer to the left es rossible. A cmall deflectitn at
sta.338 + 83.1 was rut in {for the came reason. In
addition,tle trees iunvolved are small,second-growth
oak of little value as timber aud wortkless as roed-
" gide ornaments.

Tl e sully renticned before at sta.335 is not such
a formnidable obstacle to economic location as & glance
at the nap might make it aprear. A side fill of at
least‘twenty feet will be required besides Some provis-
ion for under-drainage. Hoever the soil is gravel
and from £ta.336 to sta.338 is an excellent opportunity
to get all the fill required. If rip-rap seems necessary
to rrevent side washing it cean be procured in the shape
of field stones found less than 200 feet away on the

hillside.

26.
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One of tle inte:led re-locations ca tlhe prreject
did nct mcterielize. In tre rreliminery csurvey a
straicht lire was made from ti: deflcction at sta.cwl
to ¢t2.043 and a toposrarhical map of the whole arca
wag mede. Tris alignment did awey with two natural
deflections in tre rresent rcad-bed but meant tle
purctase of two strips of land,oiie on each side of tle
rcad,and tle mcving of aprrorimately a mile of wire
fence. For tlece ®eascns,it was cdeemed adviseble to
attemrt a direct aligsnment,and the project was aban-
dored.

TrLis practice of preserviag the natural defleciicns
extended back to sta.61l6 where tle meximum deflection
allovable witkecut runring in a curve was used to aveid
buying rrorerty on tle left. Tle only rlasce i:. tie
whole intended re-loczticn where tle line was not Leld
to tre 0ld road-bed was on a curve starting at ste.618 ¢ €0.0
as shown in phetograph llo.18. Keering to the left at
this prlece for arprroximatadly 300 feet not only elimin-
ates cne deflection point end mekes an easier curve
rossible,b:t prevents tle rossibility of overflow frou
the bog on the right in time of righ water.

TrLese four specific cases are tle only available

orrertunities for re-location ia tle design of S.7T

|
* -~ 0 L]

9

92 - 1,but with the excepition of grade-crossing elin-
inetion,tkey involve in some nanier ever] erju.ent for

new alignientc, e heve tried to minimize tle exrense






in ever; way rossible,ccnsictent witl. goed e gineoriig,
anG tle results obtaeinsble T

to bte overcome. If,by our efifcrts alorg tkLis line,we
succeeded in making tkis higlway safcer,casier and mere
comfortable to travel on,we will feel tret our energies

have nct Ween misdirected.
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Tre toric of survey netlicds may be ccensidered
under the cifferent perty organizations necessary for
the laying out of a lighway,namely:the traverse survey
perty,the stvaking party,tre bencl level rarty,the
coentinuousg level yarty,and the torogrsrhy rarty. TlLese
will be discussed 1z order ag arrlyiag to the rerticular
rcad we surveyed.

Three nien were fecund to be needed in tle traverse
survey rerty,tLe crief of rarty,en instrument men,and
a flag rian. “le rewainder cf tle road rarty was sent
forwaré cn the yropcsed rced to locete all section and
guarver corners rcssible. ThLes2 corners were to be used
ags instruacnt roints vlen roscible and when this was
net prractical,tle corner was tyed in tc tle survey,

TlL.e intersectiocn roints on tle road were cliosen by tle
chief cf yarty with due ccnsideretica to the locatian
as covered in the discussicn relative to rrelininary
survey. leagnetic readings on betl tangents were talen

as clecks on the plate deflections. Tle roints of
deflecticns were rerked by 13 foot of 3/4's ineh gas ripe.
driven into tle ground and tied in by tlree witnecsses.
Cere wag vaken to close tle witnese pcints outeside of
where couactructio.u work will velke place. “tea it was
necessary to establish the PI =o eas to bring tle ceuter-
line of tle propcced road on scme imrortant cut a fill

or betweon sidewalks and curves,the string uethod was uscd.



Stcking rerties were tried consisting betkh of
four and six nen. In tle four man party,tle clief
of perty located intersection roiuts while the stexe
drivers cheined. The six man rerty ccnsisted of the
cl.ief of party as head clainman,ean instrument man,
two stake drivers,a rear ckainman,and a stiake marxer
who also held tre cross chain for the stale drivers,
The egix nman rarty was found to be tle more economical
arrangement because in the four man rarty the road is
covered twice,once during tle ctaining end later when
tre stakes are set. In the six men party,tle chainien
cen chain to the instrument,establish the PC of tle
curve and together with the instrument man,run tre
curve vefore tle stelzing rerty catches up. Thus the
staking party,of necessity the slower moving rortion
of thte rerty,will not be Leld ur. General highway
practice,at tre rrezent tinie,requires cstations to be set
every turdred fect,stak:s cne inch squere =nd eight
incles long Dbeing used for hubs and set twenty-five
feet from the center-line cn each sice cf the road.
Back of tliese ere set markers 7/8" x 3i"™ and 2' long.
The stations are merked consequtively cn threse merkers.
The chein gang tapes ahead cetting spikes firmly et
eacl station on the center-line,and the staking party

follows. Tre curves can bz comjuted frem tle traverse



n-tes except the cherd deflections whick are

arranged e&s soon as the poiat of intersection is
stationed. Biglt degree durves or less can be ste-
tioned with one tundred foot sub-chordis;between eight
end gizteen degrees,fifty foot;between sixzteen and
twenty-four decgrees,twenty-five foot;and anything grester
then & twenty-four degree curve requires a ten-foot sub-
cherd. These Civisions have been arbitrarily set but
these lengtle of clords epproximate the zircle suffi-
ciently. Care should be taken in staking curves to set
all stakes on their respective radii. Hubs and markers
mey be set less than or greater than twenty-five feetl
frow the center-line incacse of obstruction,out in this
case tle distance out from the center-tine should be
plainly nerked on the back of the marker.

Benches ere placed in highway work about one thou-
gsand feet epart. Srikes in the roots of trees are tle
most feasible but care chould be taken tkat limbs do
not hinder the shots to or from the bench,and they
should be kept well out of any ccnstruction. The trees
chould be blazed or otherwise marked to insure an easy
pickup. United States Geological and “eodetie bench
marks were checkcd on whereverencountered. Bench marizs
were ordinarily esteblisked with & two or three man sur-
vey perty consisting of tle instrument man,who glco
kept the notes,and one or two rodmen. If a fourth man

was added,he kept tle ncies. e tried & five man party
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using two instruments and obtained splendid results.
Trhe instruments alternated,bzth being kept in good
adiustment,ana & check witkin 1/10 of one foot on
U.S.G.3. benches was obtained. This arramgement is cn
unusual practice but considering it from an economy cf
time standpoint three men can run four miles in a 10
hour day while five men average 8 miles per day.
Cross-sections or continuous levels were takxeun at
every station with intermediate shots where tle con-
tour of tle grcund rrevented the station shkots from
giving the true volpmes. Shots outside of the lLubs
were taken where buts or fills would overreach. Soundings
were taken in water or in spots of questioneble fcun-
dation such as shown in rhotcgrarhs lios.14 and 29,
A mrty of two to five men was uced at aifferent times
when taking these cross-esections. Lhere,as during the
establishment of benches,we found that the larger
rerty was very eccnomical. Instrumentis were alternated
as before and each instrument took the.cross-sections
witkin two hu ndred feet each way and the turning point
while the seccnd instrument was being moved and set up.
A two man perty cen average two miles per day with
usual going,a three man party three miles rcr dey,
while the five man party can run easily a mile an hcur.
Thus it is readily seen that this arrangement is very
economical. Tlevations atv tops and bottoms of all cul-

Yerts and drains 2t poth ends were determined. A line

of levels was run along the ditches to culverts at both



the inlet end cutlet ends. JThere bridges occur,
elevetione were taken cf the tridge seats,bridge
floors,tops cof parapet walls,highwater marks,points
that cetermine the stream-bed at the bricge,and
points along the benks of the stream,both above and
below the bridge. Zlevations of mankcle covers and
gate boxes were also taken.

The topography edjacent to the rcad and of in-
portance in the design of it,was taken by rerrendicular
off-sets from the centerrline. The perpendicular distance
can be ectimated while the plus stvetion is praced off.

In re-locetion workx the stadia method was used to ad-
vantage,as trere was much centour werk to be done.

A cne man torograrhy rarty was found to be the most
eccnomical although three men esre needed on re-locetion
work. These are an instrument ren,s rodmen,end & mapper.
In order to clarify some situstiocas,yhotcgrarlts were
taken.

In conclusion it can bc said that the six wman rarty
with a metor truck for transportetion is very ecomomicel.
0f these six which includes the crief of party,two
chould be instrumeat men,end the other tkree shkould have
& general lmowledge of rodaing,flegging,and staking.

TLe cost of such a party in the field would be arrrox-
imetely fifty collers a daj,end in en average lccation

tley would turn in a mile a day. 7e coupleted fourteen
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and one-lLalf miles in twenty working deys ian cue of tre
worst locations ia licligean. Tle errengemeat of tle party
works out as follows:;threec one the travers:. csurvey while

tle remeiander locates section corners and runs bernches,

e

if time ic evailable. After the traverse survey is
completed,tle steking rarty is formed. Tle five man
bench level party should comrlete the benclkes next and
then tales a crocss secticn while the chief of yarty

talzes & terograpky. In this arrengement,the transpetation

is used to tlLe be:t advaanteace.



T AT . reATY amMTmITASTTTY
DAITAGT AT TRATILNATI J3TRUCTUTCS.

Dreine; e,as aprrlied in Y} :i tway counsiruvcticn,ltas
been defined es "the intercepticn and rercvgl cf water
from,uron or unier tre recadway".In tle censtrucvion of

any tyre of rcad,tle cecuring of rrorer Crainage is an

ct

cortent foctor,since water is one of the most destrue-

tive ageatvs enccuntered in the ccuctructicn eid naiiten-

’_Jo

aace o tiglways. Draine;e mey prorerl;, be ccnsidered
undéer two wain keads,nenelyj;duv-ireinc e end “uriace
drainage.

Tie recessit; of sub-drainage is effected by tlre
kind of soil,tke locaticn ci tle road,sad the climetic
conaitions. On 3.7.L. 92 - 1l,tle preveiling soils on
whick the road will be laid are sand,sency lcam,und
gravel loai,all of wlich ere suffieiently rorcus to

+1

carry ewvay the water wrich rercclates uacer the rcesa-bed.

Ttis foct cbviates tle neccssit; for sub-{reinsse cn

“Lv

tle rrojeetv cna malics the subect one of minor inrcrivonce
tvhe
ia tlis tlesis. Te Tind 412t it is/rroctice of tle

Mickigan Stlave Mighuay Terartuent to avoild tle use of
sub-.rainage exccrt under exvrenie cencitions end ia
cucl ingtances tle se-callad French druin is ziveaa rre-
Terence cver ctler types.

In crdaer Yo remeove yre.ptly fro.. thre surfacc of tle

road tle weter vhick folls own it ci¢ to prevent tre

37
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vater frou gtonlin, cn tle surface,tle rogd is
ercwiied. Io stoidera preciice ia this Ztate a
ecrowm of 3/4 cf e¢n inck per fecot cf Yaolf wicthr cu
gravel roads is required. Tre water wliclk flowe

£

‘ron. tl.e surfsce of tlhe rcacd is collecte n side

s
| d

erg wherce it follows a2 lo:gituciial

rade to tle outl

o

t,whick mey ve a navural waterwey,

oy

1
culvert,or cetchbacsin. The crosz-secticn used on
S3.7.1. 92:=1 includé feur standard citch sleapes.
TLe dertrs are 18 inches,Z4 incles,30 incles,ond
25 incles recpectively from tle finisted curface

of the roed. Tle 18 iuch aditeh is V-skared eand tte

others ere trapezcidsl. ZlLe :zlcpe on eitler side of

(I)

tle diteles is 14:1.

Tle lengvhk of sice éiteles shkould ncl be greoster

ct

than is necessary te carry the water to th: neares
natural cutlet,since,if tle acucunt cf water tzcoocs
too great tio copacity of the diteh will te ezecsza.ed

end sceuring will rezult. Oa cur prolect,tle torcoarty

el
| od
v

is suck tlat ne Cifficulty will e eo.perieinced

grades arc erccuasverea ve fouund vagte land or & ucturel

wotervay into whiclh the watsr coull bs diversbed.

)
o
un
[S8

Tle grade cf tle sile Gitelic g au igporiant

congiucraticn., IL tle gradce be toc lew,tle water will

S8



pouC a:.d sedinentavion will clog tlhe Citeck. If,o0un tle
4

otler nand,the (rade be excessive,tle bottou of tre

iteh is almozt surs to scour. Tle rracticable 1li:zids

+
[0}

Citeh grades ere considacred by tle writers to be
0.1 and 6, 0 5.7.L. 92 = 1,we found no case where
a diteh grade of gzreater than 0.1)) could not be cbtained
and no i stance where tle grade will exceed 65 as the
diteh grade on thre ceourleted road will yarallel tlre
center-li..e grade in all caces,

Tre disposal of surface water oax this project is
& coinraratively simprle preblem. At nany of the low
poinvs in tre grade naturel wmiervways offer efficient
outlets and at otlier points the road is bordered by
swenps or otler unservicesble land oato whicl the water
can be disclarged without demage.

Draiunage Structures.

Under tlis heéd will be cqresidered tle verious
dreinage structures now exisvuilng oa the roed,their
adapvivility to fuvure uce,and tlhe reascus for retainiug,
modifyiag,cr replacing tlerm.

‘Driveway culvert: are the first of tke drainage
structures to clain cur attentiog. All of these o our
road are of vitrified tile with the excepticn of two
casyv iron riye culvertm ot stations 2 4 25 and 2 + 65,
The ninirmum size of vitrified tile allowable for drive-
wey culverte is 6 incles in diameter and tre nininun

3

lergth required is 16 feet. T ere tle existing culverts



.

are c¢f sufficient size 2::G lewgtl te ect the sbeve
requirenients,ve reccour.end thaet tlery be lefl in rlace
and that concrete headwalls be tuilt to rrotect tleir

oreniigs. Te reccormend that tlose whicl fail to meet

Catch-vacins ere not to be disvurbed im any
instance since the prorosed gredes withia tle village
limits ccuform so closely to the yresent grades that
no matverial ckeange in the elevation of any part of tle
roaG will be neceszary.

The factors whickh affect tre acdoptitbilivy ve further
pse cf culverts ead bricges are treir length relative
to tle fill c.: tre nav road,treir cerzcity,anc tleir
state of rreservation. Tle relative costs of rerciriag
& gtructure and of replscing it witl a2 new cre muct
also be ccneidered wlen melking recccormendatvions for
Graingge structures.

At statioc.. 17 % 80 occurs a steel end ccricrete
.ack arch bridge c¢f 19.5 feet esran and with a width

of floor egual to 20 feet. Tle bridge is unique in

@

e

trat it iz pleced c:: & curve whkichk is nearly e right

engle. Its lccation is sloewsn bty plotograrh Io.20.

.,

Tle bricge is in geed concditicn with the excertion
of bed cracks in the wingwalls as slown in photogreph

0.2l Its removal ics aecescsery becaucse it is o & curvs,

40.
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too narrow for sciety,and of insufficient waterway.
7e reccommend the diversion of the drainage ditch
from its present chaunel so as to make it eross the
road at st2.1l9 $ 50,thence following the north side
of the road to & junction witlL the present channel
et & point about 100 feet below the present bridge.
A reference to 8heet 0.4 0of the plans will show how
this diversion could be easily accomplished. The
locaticn of the proposed bridge is shown by the arrow
in plotegrapk J0.20. Je reccommend for the new structure
a 28 fcot span T - beam bridge with 10-foot abutments
according to standerd plean B-1=A-5,shown Lerewith.

we find enother jack erch bridge at sta.70 4 60
which is in good ccnadition except for slight coastructioan
cracks in the wingwells. It is,Lcwever,too narrcy for
uce on the new road,the width of floor being ownly 16
feets It is also of irsuffieient waterway cupscity,
kaving an openiug between tre abutnents of but 8 feet.
chotogreph '0.22 :hows the present structure. e
reccounenG the removal of this bricge and its reprlsce-
ment bty a 20 foot sran T-beau bridige with abuilments
10 fezt high sasccordaing to stanccrc plan 3-1-A-5,

to above.

refere

fa)

At sva.29 + 50 water is curriel scross tle rresent

road by 35 fecot of 18 inch vitrified tile. An cren
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Citek coarries the water from tris point across a
swalpy spot in the forks of tre road ecnd cnother 16
incl tile carrie=z it ecross the northk fcrliz of the road.
TLe Giteh ead outlet of tle Tormer culvert ere showm
in rlotogreph Il0.23. A large area is drained by tlre
ditel leading to this culvert and we find from indicae-
ticns &nd rerorts thet,in time of Ligh water,the caracity
of tle culvert is inadequate. TLercfore we recori.end
its removal and replacenent by a ccucrete box culvert
of 3-foot span and Z*-foot depth eccording to stondard
plan E-2-C-13.

At st2.1E6 tle drainegge CGitelh is 8panned by a
3-foot concrete arch culvert,twe views of wlich are
chown in phetographs Ios.<4 end 25. Tlere is a deep

-

fill et trie point and the road lLas been inyroved with
a 1i-foot course of grevel., Tvidently,wlen tre fill

wae made,leadwalls were fouund necescary to retain it
anc tle nerth recdawsll was built at the edge cf tre
fill instead cf at tre end of the culvert. TrLe recsult
is tlhav the end of the culvert now extends about 10 feet
beyound tlhe Leadwall and its opening is protected only
by & £ locse rocks piled around it. As the precsent
culvert,witl a 3-Toov orening cpyears to be large
encu;l to handle tre flow,we recounend the placiag ot
tlhis point of a concrete culvert c¢f 3-foot spen and

3-foot depth eccordiiaz to stancderd plen T-£-C-13.
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Tie coucrete arch culvert ot ste.2ls

S

roor ccadition es shewn by rhotograrh I'oe.«b. IT is
also set &t an esngle with tre center-line of tle rcad
and is too stort. Je rccousaend thoet it be replaced by
a culvert similar to the one syecified &t =v2.106.

A syeciol drainoge rroblem is found et station
321,vrere the road rnickes a slarp turn atv the foot of
a long,cstezp hill. It is nececsary for a lerge volune

of water Yo crcze tle read et tLi

n

point. It is

hardled et present by two circular ccucrete.culverts,

nches diameter and o.ae et

[uN

ore at sta.320 ¢ 20 of 12

sta.32l ¢+ 30 of 1€ iaches meters ZTlotogrert I'c.27

[=]
[V
£

is taxen frem tle 1'ill %Yo the soutl of tle road aid

@

stows tle culvert a% sta.221l ¢ 20,its cnds being roried

by arrows. Te coigider it acdviaable to rarlece tlece

ct

w0 structurce by cne culvert ot st2.220 + 80 and
recoumend a tvhirty inch circular culvert witl coumcrete
Leacwalls accordaiang to standard rlwn E-2-C-10.

At ste.416 tlere is a 3-{oot span coicrete arch
culvert witl masoary wingwalls,a view of whicl: 1s elowm

in rlcto rark Ilc.268. Tlie culvert is in gcod coudivion

o

nd of aurle size to handle tle amount of water flewirg

icer

rf)

threush it., Although ouly 228 feot in length,we con
Lot the added exreunce of replacing it would not be

Justified by tle edvantage derivel Trom the gain in lenp*l.
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‘e recoluiziB,clerciore,tlke

av sta.495 a low gortion c¢f tle road is bordered

w

o1 one sice by e pond and on the cryoscite sice by a

SwaliPe AV preceut nc arzinoge structure exists ot tlis

pecint. To yrevent overflowing of tle road &t tines of

kigh water,we recorriend tle plocing of an equalizer,

<

whicl. ¢keculd be an 1S-iuach circular culvert accordiins

to stvancerd plan E-Z-C-16.

m
4

'~

.e last dreinare ¢

of it is srovm in photcorepl 70.30. Az it is in Joodl
cecacivien end wide enouglh to acconcdiave trhe traific,

we recormient vlov it be left ia ylace.
souncings.
Tlere tle concdiv

such es

vl.e new road 1

w

an u.icertvolin quanvivy,iv is wnecessary to atlze couadings

vo ceteruine tle depth below tle surface of a firm

stratuu c wors,ona guickeonds sre erurnn

eartlis Zcgs,en

¢cf such conditions. Q. e

instonces wlere coudlings were necessary. Frou s10.299
Yo =ta,F0Z tle ro2d crocses a bog which is cdeceribed

-
LeS8.

U

Yy resicents of tle loecclivy o botto:

recad crccces

T %le

gar witl Cle excepvic. cf

48,
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Jo2ores. AU sU2.490 tle rcal crosses

i< rlotogrerh T0.L9 and it was conBidered

‘

aCvicseble to atite souadirn; s at tkLis roiat.

(

29

ceouidings were talzen by rashing a 1/2 inch £ae
rire into tle ground uwtil = recistance was encouniered
'hielh i:diceted <« £0l1lid loyer of geil. TLe station
end rlus cf tle yeint eud 1v:z distaace from Sle ceater-
lire were recoréed vorevler witl tle depth to whick

tle rire was sualt.

Tle rezulvz of the soundings are shovn by the

follewisg cory of the nctes.

..)t&. L.:I. C.L. Ro:::c
299 + L 0.0 360 5.5

12.0
20,0
1Z.0

1.0

15,0
20.0
10.0

15.0
22.0
10.0

0.0

2EL 8L 152 2mm
492 4+ 50 5.0 5.0 5.0 G40
15L 5L 107

T.0

20L 10L 107 20R
+ 25 5.6 ‘:..6 ’t‘.‘. ;....O
All elevotions from:vrfcce of cround at C.L. cf road.
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"he data collected in tre field furnicslel tre

ba

[0}

is from wkiclt {tke rlens and mars were dvawn.General
Lighway practice anc the srecifications of the State
Highway Depertment reguire that certsin sets of field
notes be veken thet will place et tlre commend ol the
dmeftcsman,all tre information thet he needs to complete
e cet of working druawings end rlens. Threse nctes which
were teoken are:;alignment,bench levels,continucus levels,
and torogrerhky notes.
Stancard trecing clotk as used by trhe State Highwey

Department,consists of & cheet 36" x 22",tlLe lower

half of which is cross-sectioned on a scale thrat will
pernit the laying of thirty one stations,using & lcngi-
tudinal scale of 1" = 100'. The vertiicle scale specified
is 1" = 10'. The upper half of the sheet is unruled
and on this portion tre center-line of the new road was
laid using the glignment notes for the necessary data.
The topographical features of the road were dwawn to
scale on each side of the ceanter-line using the data
from the topogrorlicel field notes. Below,on the croscs-
section area cf tle cheet,tle center-line and lrub liae

ela~ationse of the road wcre laid off. As abecve stoted,



thirty-cne stations wsre laid off oua cacl cleet,tle
last stetion cover-lepping tre first ticen on tle

nest skeet iz orler to orientv and ccuacect tlhe plans.

MITTY MY 3T
PP .—J—ADIG’L‘

The foregoing work finiches tre preliminery mep-

i}
ct

ping end ccensvitutes & fouudation for thre Cdesign. In

4

designing the road the requirements of tle future road
were tle chrief considerstions. Tle aesign ccrnsisve ¢f
tle follewing selections:

(1). Tyre of ncial.

(£)e 7ilth cné skrepe cof section.

(Z). Proper Greinece syster.

(4). ZLe correct grade line and tle deteruinaticn

of quentities.

(5). OtLer aetoils.

The tyre of metal enc wiath cf cection were ceter-
nined by tle Stete Ligh ey Commziscicner. He specified

a 1lé-foct ;ravel surface. The slape of tle section wes

chesen from tle stancerdiiec desisns of tre Higlhway

(@]

Tepartuent. (sec 3heet 170.2)
TLe Grade.

In ceternining thre grade feor tris road,we bere in

nind thet upon the rrorer celecticn of tle [rede depended

tle ccet of excavation,the arrearence,2nd tle ricing

cr Lauling qualities of tle road.

S2.
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P
v

i1 ordor UC cecure

[©]

Je reconr.enld G no extcelgive cu
& ;roce lower tren tle raximcm linitisg grede of &)
whicl hes elready been ceteruined.

Te took special cere to avoid using slort,clorry
credes,focr tley are undecireble since tlelr use spoils
ghe eyresrance c¢f the roed. IV wes gellon trat we could
net use 2 loager eand mere uvnifera grade vhich &id not
materially clarnze tte v lume of excavation.

Iz determining thre ;eoce of o road,vhke mest econ-

ocmical grade would be cne ia whicl tle cuts

ence tle fills et every pcint. Thic is iwrossibvle ,outl
by rutting in intermediate _racdes,we were able (o very

nearly errrcach e balance, HEcwever,tke ecounomy of
grading did not govern cur Clesign to tle extent of our
overlooking the reesons ¢f safety,cc . venience,2nd arresr-

ance,wricl de.aanded certain elevetions cna skere

mn

Otler features tlet Ceterined ocur cloice of srodecz

(9

were: tlLe eleveotions of tle

bridges &v €
neinvailed,ona le exccazive cut at =42.886 to ¢t2.89.
liaxinun Credient.

The celcction of o merinunm gradient Clerciia merec ow

[
r—

the torogrerly ca tle treflic,a2ltlcu t we Jid not



S4.

overloci trofiie. Tle country tlreull wlich vlig roac
runs is ver, rolling but by Follewing vie velleje we

- 9 1 e S A - [ ~ =7 1icl
were able to keep tre graediszut to o rerinvm ¢ op whicu
ig witlhin the li.ivs Zor vreffic. OQur neliumm gracie:nt
wee Geterndined at sta.lbl.

Onr miuinum gredient was obicined from £i2.69 to
sta.74 + D0. Tlere we used a level grade. Tle urcinege
is talen core cf by swumres ox both sgicdes of the read
whkich carry tlre wmier awcy.

Intermediote Graaients.

Zconomical design deanded the use of rolling graces.
Traffic dc2s not reguire loxng stretches ¢l straight grade.
e deenel it uanwise %0 cut,say a 3 grade tc a 2, jraode,
inasmuch as ocur ruling graae iz 6. Lowever,we Cid nct
Lesitate Tc cut &g much as wasg iecessary o cbioin tle
required rulisy _rade., We stucied eco:rc.;” on tle were
level »=1ts.

Layin: tle Graae,

In tke belcnciuag ol eartiorx we Jirst ccuzidored

tLe shrirka_ e of eartl in elvezuiicatse. Tle rutioc _iven

i Tle usual landbook are nct aprlicetle
for t'ey do not tcize invc ccnsid.roticn
vegeteble watier wiich is nct suivedle

na must ve vastved. Frem tle Zlave Higl

) L.
3
U vlll 2

tle gcd cr ovl er
Tcr ewnbaniments
Aay Terarvuendt
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TLig pridce cop bo collen e Uil _role. el

Nal

S an 4 . NP P e " - )
elevT vilng 01 T:e VvVarllcluzZ joiuus 0L chig clrawe 011 vie

earth cesctiocnz =220 tlre cutlice cf ¢vie sacvicag were

Crawn in witl tie 2id of & Uanrlove cut o tle roguired

[P I S -y -
~ vl Cul‘\fﬁ.

o

Tertical Curve

w
.

Tefore tle szcvionz wrere ylotted,tle ricle breclzs

b
- o

e

were rew..del off by vowrvicel curves. Digluve

e

vicine 1imit Cle miniwam longvl. ¢f tleze curves ot %00

t o
o
€
Q
=
0]
©0
&)
*
'
-
)

reilreed croszings

where tley nuzt ofven be leorter, Te wicre able o cuer”
aveve tlic lilitadicn. This being o gravel rood,a

s ~ -n - Y . N J. - - a . . . -
1 change of grade witrouv o curve iz nct objecticnndle,

we.s concuted vy tre fermunla:
r - N .- L
™ A') ~3 e
“& 1 = T
8 100
Ters Gy end Gz ere tle rates ¢f intorsecting grades
€..4 L ie tlLe length., Iavem.ciicte correctvicias vory oz

end were rlus or winus sccorcing 2s r was plucs or niaus,.
Ile (Quantity Curve.

2te ¢uantity curve is o graoriicel rerreceincoiicn

-

cf the volune of eartlwork ian couperish:: tc tle ce.teor-
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“Tere eortihovori bole.ced ivhin fres laul liiils,

4 - L - ey C 4 . - 7 ~ S~
tlie zero lize veas tle only heoritosval lize fecdsd.

tle disgramn,wlile borrew Zepreszed i

reguireld new equeliczoatiing line:z so drawa srat ther
1
Ttz creouldar ns

concideravica ia Sle roes diagrom ia follewin: tle
ebeve nethoa of ccrmputing veluwes anl crdicates.

TLe diegroim is now ready to be iiesrected ia cou-
perison with the grade to sce vlat {le cuantity cof laul,
borrow,wecve,anc over-laul wore well talzei.

Guord Zails.

/e reccnmenced tie placing cf guard rails av every
point wlere the hubs w:re apyroxiuatel; five fezt belcw
tle cenvter-line cf tle rced,enld tlat tley are to emvend
+

in eacl cdirecvicn ©¢o points vlere tle luts cre tut two

feet below tle ceater-liane.
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INDEX TO NAPS IN POCKET.

No. File Ilo. Description.
1 G-7-A-5 Title Sheet
2 G-7-A-5 Typical Cross Section
3 G-7-A-5 Ilans sta. O to 31
4 G-7-A-b . Flans sta. 30 to 61
5 G~7-A-5 Plans sta. 60 to 91
6 G-7-A-5 Plans sta. 90 to 121
7 liass Diagram
8 Relocation #1
9 Relocation #2

10 Relocetion #3

11 B~1-4-5 Concrete Abutments

12 3-11-C-24 20! Reinforced Conc.

T Bean Bridge

13 B-11-C-28 28' Reinforced Conc.
T Bear: Bridge

14 B-2-C-24A Circular Conc. Culvert for
Intersecting roads.

156 E-2-C-10 Headwalls for Circular Culverts
16 E-2~C-13 Concrete Culvert

17 N-2-C-16 Circular Conc. Driveway Culvert
18 E~4-~A-32 Guard Reil

19 B=4-A-49 Method of Superelevation






