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' F'OREIdORD

Pr:rcose.
, -L^Lrr^L^6 h^ lards for the Roadr"lay Deslgn

Ttr is lv lar r r ra lestabl ishespol ic iesandstanfhrcs lor .Ul le l \ |J<
) r rb l l c l do rks .A l so inc l r rded ln

fwrctlon of the Hunboldt county Departn'ent of I

r practlces. Ttrese policles' standards and

practices are to be used to direct, gulde a'd inform county enployees involved

in the RoadwaY Design flrnction'

Scope.

The scope of thls lvlanual is primarily'r"estricted to those Roadw4y Design

f\:nctions vutrich are re.fesed to as ttsecandarxftt deslgn and fifinaltt deslgn' of

necesslty, desi.gn englneers must concern thenselves wlth all phases of deslgn'

lncluding planrlng, deslgn, and coordlnatj'on with constructlon contractors'

Ttrerefore, occa,sionar reference 1s nade to desired practicqs regar"ding prellmlrr

a:ry englneertng, field nevi-ew, and construction or coordirlation with other fwtc-

t j .onalorgatizatj-onswlthinttreDepartrrentofPr.rbl lcWorksandcountlT:**

The design standards contained herein w111 apply to all Cotlrty des5-gn

projects except where Federal zuthorltles require adherence to hlgfrer standarls '

Objeetiv€s

Hunboldt cOr.,nty plans to design new rrrads a'd roadway inpr"ovenents whlch

will provide adequate and safe conmunlty service' county Roadway Deslgn rust

alSo prorncte r.easonable roadway constnrction costs' neduced unlt nei4terlarlce

costs, and reasonable neconstrrrctlon costs' These obJectlves rn'rst be acconr'

plished wlth avallable revenues

Design po]-i-cies and stardard's ale interded to guide and lnform those

p*bric worlrs enployees involved ln the Roadway Design function and are to be

viewed as reasonao-le goals for lnpnovenents. rt 1s the jntent of the cgwttv
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to estabLish a prcgam by which existlng rrcadways will be lrprnved' -wher'e

necessarxt, to neet these standarrds and to develop a plan for realizing'thls

objective. Ttre cbjectlve of this l4anual, therefore' is to piovide the

speclfic po11cy gurdelines, englneerirg standards, &d desi.red deslgn prac-

t lceswhlchwi l ] faci ] i tateaccorrpl lshrrentof theaforesaidCountyRoadway

Deslgn objectives.

It 1s at-so the inteht of thls l\hnual to rremind Public l|Ior*s Design

erployees of certain 1ega1 aspects of roadway deslgn' Current rtideas" on

drainage lElI, for exarple, a.,.e incltrCed 1n Sectlon 4' Ihe law ltself' of

course, mtst be interpreted by County Counsel'

' Thls Manualr througfr selecti-on of content ard forrnat' ls interded not

only for the errgi-neers, r.rtto vfl1l be the rnost fi:equent users of it, but also

for rnaintenance $er.sonnet, ad,.irr'*strators, &d other readers who are not

technically-oriented. Ttre *$1e of contents footnotes those sectlons of thre

Manual- which nay be nost pertlnent to each indlvldual readerts needs

Qralification of Intent'

'� It is not the fuirction of thls l'tranual to establlsh 1ega1 stardards for

r.oadvlay deslgn, nor to r"estrict -sor:nd engireerlng theory or judgment' Deslgn

englneering is an enpirical- science; therefore, certai-n design standards by

nbcessity are expressed a,s ranges of acceptable values ' tr\:rtherrncre' it ls

not lntended that any standard of eonduct or duty towa:nd the pub1lc shall be

createdor i r rposedbytheptr lc l lcat ionofthis lhrrr . ra l .Ttr is l4anual is interded

asanoperational.toolforadnlnisteringrroadrraydesign.

Th isNlar r t ra l j -s r ro ta tex tbook , t rc r i s i tasubs t i tu te fo reng l reer ing

knowledge, e4pet'ience, or judgrrent. Ttre graphs, tables' and words concerning

desired practlees are intended as alds in the solution of field and offlce

pr.oblerm. No atterrpt is made to detail basic eftgineeri-ng techniques; for

these, standard textbooks should be used ' i.' : 3



Authorlty of lvbnual.

1?rls Manual has been developed under the authority of the Hwrbotrdt cowrty

Board of Supervisors. It is the intent of the tsoaKi that this Manual be

lnterpreted and used to acconplish the objectives outlined earlier in this

Fbreword. Policies regarding specific design practices ane lncluded 1n later

seetlons of this lhnual-

I t i s thedes i reo f theBoard toma in ta in th i s l l anua l th r r c r ' r g | r t he incon -

poratlon of current lnforrnatlon; therefore, asslstance 1n the form of ideas

and suggestlons for revisions or additiors w111 be appreciated' Additions'

deletions or revislon to tlre englneerlng standarrCs atfr/or desi-gn practlces

contained herein wilr be acconplished by tl€ Dlrector of Public works under

authority granted to him by the l{lllrlcoldt County Board of Sr4pewisors ' Changes

1n County pollcy will be reconnended to the Boad of supervlsors by the Directon

of Pr,rbllc Works for approval prior to lncluslon into thls lllanual'
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General
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Administration
Application of, Policy and Standards
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Authority - Legal and Organlzational
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Cor:rrty Board of StPerwlsors

' Director of Public Works (noaO Ccnmissiorer)
Design Eng:ineering EtPloYees
Authority Relatlonships '- Corlrty Roadway Desfun

Definition of Pollc1es, Standar.ds ard Deslred Pr:actlces
Policles
Standards (RoadwaY Deslgn)
Desired Srglneerjng kactlces

t{aintenance of the }tlartual - -

Nornenclature
Official litratres
Definltlons

A - Administrrators
B - Board of SuPenrisors

Reader Code *

All

A , B

M

A r B

A]l-

A r o

All

1-100
1-101
t-102
1-102.1
I-l02.2
1-102.3
1-t-02. t{

1-200

1-300
1-301
1-302
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1-304
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1-401
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1-403

1-500

1-600
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All

All

B

A.LL sectlons are of concern to the deslgn englr-teer. Those sectlons thougfit

to be of speclal lnterest to other readers are coded as folloWs:

P - Rrb]lc (layrren)
M - Malntenance Per"sormel
O - Other Involv-ed County Per"sonnel
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2-200
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Objectlve and ScoPe
Policy
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Materials
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o
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3-403 Design Exanple
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4-1oo General " All
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sEgftcN r - nnr\,uursrnaqou oe no,nsum onslcN

1-100 Genera].

1-101 Oib.lective and Scope

The objective of this Sectlon 1s,to pnesent cowrty policy r,egar4lng the

admlnistratlon of rrcadr^ray design, the authorlty relatlonshlps lnvolved,

definitlons of rrcadway terns, and lnformation regarrillng nalntenance of the

Manual. Ttre lntended use of po11cies, standarrcs and deslgn practlces 1s also

e:p3.alned 1n th-ls Section.

1-102 PoIlcY.

1-102.1 Adrnlnlstratlon - It 1s the poltcy of Hrarboldt cotl:ty that the'

Director of R:bLic works, aetlng in hls capacity as cor:nty Road conrnisslorFrt

w111 be r"espo1s1ble for the a&nlnlstratlon of pollcles and standards contalned

herein.

1 -102.2 .App l lca t iongfPo l icyandStardar . r l . s . I t i s thepo l lcyo fHuurbo ld t

Courrty that the Deslgn pollcles and stardarrds w111 be applled to the desJ'gn of

ns D'and E of the State of Callf-
new roads or inprovenents, as deflned jn Sectlons D and E o1'En

ornla Clty and Cor:nty Prnjects Mqnual, or as designated by thb Director of

Fubl1c Works. An objective is to ultirnately furpncve selected Cowrty roads to

these stapdards by assigning inprrcvenent priorities to roads wfrich deviate rfpst

signiflcantly fYnm these standarads'

1-]02.3 l4alntainabllity - It is the pollcy of Hurboldt county that rtoad-

ways wlll be designed to mlnimlze naintenance costs wh1le provldlng acceptable

levels of serwlce.

1-102.4 tvtaxtnum StandarQq - It 1s ttre pollcy of Hr'urboldt County that

the design standa::ds whlch are statgd as singUlar .val-ues be lnterpr"eted not only

as the ninimlm standards acceptable, but also as the m4nunr standards to be

corsldered.

o
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1-200 DeslFn B.rnetion. Roadway deslgn baslcally lnvolves:

(1) Pncposlrg and plannlng new noads or lrprovementst

(2) Prelimlnary feaslblllty and rrcute studles,

(3) Prrellnrinary design, : .

(4) Coor'<linatlon wlth other f\,mctional departnents,

(5) Geonetric, structural, and dralnage system deslgn, and

(6) Coonafiatlon wlth those responslbl-e for lnplenentation of deslgn.

Thls Manrlal w111 prinrarlly deal wlth (5) above. Itre Countyrs Roadway

Classlflcati.on System ls included (Section 7) to asslst those who pnrpose and

authorlze nev'l rrrads or lnpr"ovements. Relatlve constmctlon cost flgures and a

maintenance lndex are also lncluded (Sectlon 3) to assist ln evaluatlng economl-

ca1 feaslbl11ty.

1-3OO Authorlty - I€gal alxd OrganlzatTonal.

-301 Roadway or lilphrFy Deslgt

Existing Stneets ard l{lgfiways Codes and thelr arerdnents shal} govern the

deslgn of County rrcadways or hlghways. Itrese Codes dellneate the laws cotr

cernlng authorlty ard pnccedures for all hlghway design effort a,s exerclsed

by countles. Cerbaln of these Codes w111 be quoted and referenced 1n thls

Manual for the pwpose of pronrotlng general under'standlng. the related Co9es

and thelr rnevlslons are extenslve ard, therefone, w'i-11 not be lncorporated lnto

thls l4anuaL. Interp:"etatlon of these Codes should be rnade by Hunboldt Corrnty

Cor"rnsel.

1-302 Cor.rnty Board of Supenrlsors

According to Sectlon 940 of the Callfornla Str"eets and Hj-ghways Code, the

^rtBoatr. of Supenrlsors sha1l have general superrlslon, ilEnagenent ard contFol

r
Yof the County hlgfrways.ll
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tr\rthernrore, 1n Sectlon 943, Notes of Deelslons, i-t states: ItTtte

BoaKtofSuperuisorstrasjr ' r isdict iontodetermlnew|retheranewroadls

neCessatXt or not, and, lf necessarXl' over what ncute it shra}l be lald qut art(l

corstnrcted; and, 1n ]ayj3g out pub11c road, the Board exerclses Judi'clal

f\mctlons. . "

Ttre Boar.d also establlshes design pollcy contained ln this Manual'

1-303 Dlrector of Rrbllc Works

aterd i -scuss lons ' th t i t le r tD lnec toro fFor purPoses of this and li

hrbl1c Works" ls incluslve of those f\:nctlsrs asstgnable o: descrlbed as

aqslgned to the ttCounty Road Conmlssloner'rr

sectlon ?009 of thre streets and lllgbways code states: ilThe Board of

srrpenrlsors shall act as the pollcy-rnaklng body wlth nespect to county hlghl,Yay

matters ald sha]l, by appr"oprlate actlon, esta'bIlsh the general pollcies to

be followed by the Road comr8ssioner 1n the adrnj-t1lstratlon of his Departrent '

The Road conmlssloner shall a1fininlster hls Departnent ard carty out the

general pol1c1es of tle ry*d ln conformlty wlth the estlrates of e:<perdltures

flxed |11 ffp budget as fl11ally adopted by the Boardr or as theneafber revlsed

by appr.oprlate actlon of the Boad. The Conmlssloner shall enploy such asslst-

ants a11d enployees as rnay be necessa:Xl, 1n conformity with the bu@gt and

Cor.mty po11c1es and procedrxe, wlth respect to personnel and subJect to the

apprcval of the Boa1"d of the salary or other conpensatlon to be paid' The

conrnlssloner shall have sole superwislon and Jr-risd:ictlon over personnel and

over the asslgrurents of personnel engaged 1n work on county roads'

Futhermore, Section 1075 states: rtThe Board may have anSr work upon

county hlgfrways done under the supervlslon and di-rectlon of the county Road

Cormrlssloner.tt
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As regar.dlng bfidges, Sectlon 1332 notes: rrThe Board of Supervlsors

|1n* authorlze such Road Ccmrflsslorer to erploy such worlsnen and purclra$e such

materlals, equlprnent, fools, &d appllances apd cause such wbrk to be done as

1s necessar:y to constnrct o" *t rt"ln such brldges and to keep them ln

repalr. . .tt

Itre Dfu"ector w1ll also authorlze the proper appllcatlon of deslgn standards

and w111 approve all flnal rrcadway deslgrs.

1-304 Deslm ErgiJreerlng Brployees

As stated on the pr',ev1ous page, Itthe Conmlsslorer sha1l have sole

sr.pervlslon and jurlsdlctlon over persormel and over the asslgnnent of persorF

nel engaged ln work on County t',cads.tt Iherefor"e, all deslgn englneerlng

erployees have delegated r.esponslbllltles and are accountable to the Road

Conrnissloner.

The deslgn englneer w111 have the authorlty to apply accepted engj-reerir€

.practlces ln carrylng out the deslgn fl,yrctlon as r"equtr"ea by Cor:nty pollcy

ald design sta.rrdarrds and as dlrected by the Dlrector of Rrblic Works

1-305 Authorlty Rel-etlonshlps -,Courety Roadvay Deslprr

UJ_I.e(jU(JI_ tJr

PublicrWoi'tts
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The Board of Supenrisors dl:ects the Dlrector of Prrbllc Works throUgh

v Boad Ners. Ttre Dlrector nu.rst act in confornrance to:

- State Str"eet and Hlghway Codes,

- Board Orders

- County Ordj:rances and Resolutlons

County Public Works Desigfr Engineens rmst'act 1n confornnnce to:

- Dlrrectlons f?om the Dlrector of Rrblic works (lncludlng those

deflned ln this lvlanual), aid

- The recognlzed prlnclples of deslgn engineerlng.

I-l{00 Deflnltlons of Pol1cles, Stardalds al'td Deslreg Practices'

1-401 Pollcies.

Policies ar€ general statenents wtrlch e)cpr€ss a baslc r'r.Le of conduct

r"egardlng a'glven subject. The lntent of a pollcy is to gulde the user towarit

a deslred goal wlthout speclfljng detailed procedu::es.

Roadway deslgn pollcles are made by the BoaKl of Supervlsor"s to expre$s

the Countyrs deslres ard to gulde the actlvitles of the Dir"ectot of Pr'rbllc

rc{mn anoJnear.s- Chanses to. an m, Conntyworks an4 the deslgn englneer€. changgs to, and varlations fnc

deslgn policy can only be made by the Board unless speclfic authorlty for

appriovlng such rrarlations ls granted by the Boafd'

1-402 Stardards (Roadway Desierr). t

Standarrds are npasur€s or crlterla whlch specif! deslred limlts of

perfOrrnance. Standar.rds are norrmlly used as a contro] Ireasure to assurre that

ac:eptable goals are acconpllshed'

the nuunber ofRoadway design standards evolve fYom accepted practice'

el.enents lnvolved ln narry deslgn englneerlng problem and the natune of the

sclence 1s such that standarads must ofben be expressed as ranges of accepta'ble

r ) 1
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vaLues mtlren tfraS as absolute val-ues. These ttrangestt pnovtrde latitude and

oauow the englneer to exercise judgrnent,and experience.

Deviatlons fYrrm the standar:ds nray be proposed by the deslgn engineer

wlth approprlate iustlflcablon, but arry such charrges rnrst be approved by the

D!,ector or h1s designated representatlve'

The standarrls w111 be applied to all Courty road deslgn proiects unless

a hlgfrer authorlty pequires other stalda:rds as a condltlon for approprlatlng

funds. Federal Ald hig[way prnjects nequlre adher"ence to AA'SHO standards

whlch ar,e contalned in Sectlon B of this lvlanual. hoposed devlatlons fYont

these stardarrls nnrst be coordilated tlrrrctrgfr the appr"opriate goverrnent agency'

:
1-403 Desir:ed Drglneerlng Practlces.

Ihis l{anual contaL:rs jnfornatlon legqrding englneerlng rfpraetlcesrr or

procedures whlch, when followed, w11L pronrote deslred road$ray deslgn and

constructlon. ftrcse statenrents of practlces irre intended to asslst the deslgn

englneer and are jnstructlonal |n natqre as opposed to belng dlnectlves' Ihls
:

inforrnatlon w111 clearly be distlngulshed f?om po]lcy and standards'

The destgn englr.reer will have the authorlty to select practlces or

speclflcations (rnaterlals, type-of stnrctr,rres, etc.) wntcfr w1}l pronote the

Countyts goals

1-500 malnte@.

It w111 be the r"esponslblllty of the engSneer 1n clrarige of the deslgn

ftrnctlons to nraintain the l4anual. Ttre loose-leaf format of tle lhntal was

selected because 1t facllltates change and expalslon. Changgs should be dated

and distributed to all lvlarrual holders on a regular basis' Appr"orral for ctrarges

to pollcy IIes wlth the Board; cfranges to standarrds are authorlzed by the

! Director and englneerlng practlce 1s contrclled by the design engi'neer'

22



Tbbles, graphs and other materials, taken fYrom narruaLs or publicatlons of

other goverrunent or prlvate agencles, ar€ properly ldentlfied to facllitate

f\.rrther reference
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I-600 Nore4clat.ure.

J6o1
Offlcia] Nannes'

AASHO

BPR

County

CSAC

CEAC

Board

Dfu"ector

Departnent

Cormissloner

FTMA

State

- Arnerican Assoclation of state Highway Officials

- United States Brxeau of Public Roads (Agency wlthln

;"p*trritt of Tl'ansportatlon and FIIWA)

- Hr:nrboldt CountY

- County Supewisors Associ-ation of California

- County Engirreers Associaticnr of California

- Boarrl of Supervisors o Hunlroldt County

- Director of Public Works, HunboldC County

- Departnent of Public Works, Hurlcoidt County

- Road Cormlssloner (Sane as Director for Hwnboldt County)

- Fbderal Higfr^ray Admlnlstration

- State of Callfornla, Dlvslon of'Hlgfways

]-soz Definitions.v
Abardonnrent - Tlne cessation of the publlcts rigfrt in and to the rr,se ard enJoyrent

of a ptrbllc noad, a11ey, storrn drain, etc., by the Board of superwlsors by

the authorlty and procedwes set forth in the streets and Htgfrways codet

State of Callfornia.

anandonnent(Surnrrary) -Anabandonnentwhlchhasbeenef fectedbyorderof the

Boardofsuperwisorswithoutthenortrra].requiredpublicnoticeandhearlng.

This type of an abandorurent can be nrade only when the pr:blic rigftt of way

to be abardoned has been sqpersed'ed by relocation and access to the pro-

perty whlch, prlor to r.elocatlon a.djolned the rigpt of way, w111 not be

ellmlnated

Access Road - A road whlch provides access or entrance to residences' buslnesses

or other abuttlng property. It generally provides the least nnblllty

wlthin the cor.mty system and is usually the flrst and last road to be

used for a 'rtr1p'f withln the County (see Section 7-301) 1?.1



rides serrrlce between rnajor traffic generators
Arterl3;l, Road - An aiterlal pr"o-vioes sennce oeuweerl II4,UI' er-q'rr

such as clties or large towns and normally prnwldes the nost dipct r"oute

to the State systern. It usualty prrcvldes the hlgfrest Ievel of servlce to

the County as nreasured by rrnblllty ard trafflc volure' An arterlal w111

have soNrE access and traffic contr"ol and may be located 1n, or traverse,

rrrban and nrral are€F (see Sectlon 7-301)'

Auxlllar:y Iane - That portlon of thre rrcadway adJolnj'ng the rain traveled way

weavlng, truck cl1mb1rrg, Speed ctrarrge, or for other pur?oses suppJ.e.

nentarry to througfr trafflc rpvenent

A,veraee Dal1y Tr.affltc - The average 24-hour volure, being the total nurnber dur'-

lng a stated perlod dlvlded by the nwdrer of dqys in that perlod' lItrless

othen,ilse stated, the perlod 1s one year. The term is conrncnly abbr"evlated

as ADI.

A,yelpge safe speed - Trte averiage speed rvtrlch.can be malntalxed by a vehlcle

over a rrrad assr.gnlng the drlver heeds warning slgns, the baslc speed }awt

slgfrt dlstance r"estrlctlons, speed L1mlts, and other general safety

precautlons.

Base - A Jayer of selected, processed, or treated aggregate materlaL of planned

thlclmess and,/or quallty placed lnredlately below the pavenent and above

the subbase or basenent solI'

Bqse Course - Tt.re bottcm portlon of a thlck 11fb asphalt concr"ete layer won

wtrlch a rldJ;rg surface of the sare cmposltlon r^r-111 be applled'

Baserrpnt solt - The materlal ln excarratlon, ernbanlcrents, and enbanlonent fourda-

tlons jr,nrediately below the lowest layer of the stnrctr'ura^L sectlon ard

extendlng to the depth that affects stnrctural design'

? 5



Berm -,A Snra:ll rpund: gene3ally made,of noncorpacted neterla] which 1s con-

,structed on or hear tlre'.,edge of the shoulder,for the prC-nrarry purpose Of

'dlreetlng 
dnalruge ffow. Berms are sometfures referred-to as dikesl howevert

dikes ai^e usr:raLlythouglrtto.be constructed of conpacted matenla.l such as

asphalt concrete.

Borrow - Natural so1l obtalned f!.om sources outslde the rrcadr^ray prlsm to nrake

up a deflciency'ih excavatlon quantitl-es.

gfj-drys * Structw€s of a span of npre than 20 feet, treasured under the copilgs

along the centerllne of the rcad ard nnrltlple span stntctures where the

lndlvldual spans are jn excess of 10 feet, neasur"ed fYrcm center to center '

of supports along the centerllne of the rcad'

Channe5zation - 1-tre separati-on or regulatlon of conflicting traffic npvenents

lnto def,lnlte paths of travel by the use of pavetrent 16rklngs' raised

lslands,or other sultable neans to facilltate the safe and orderly firf,ve-

rents,of both vehlcles and pedestrlans

Collector Road - A .rroad whlch eollects and/or feeds trafflc'flqn on fo aceess

or a:AerlaL roads. A collector can also prrcvlde a direct J-lnk between

' #o artenlals or provlde access to an arterial. A Collector also pnovldes

senrlce between mlnor tnafflc generators (see Sectlon 7-301)'

Condennation - The process by whlch property is acquhed for publlc pllryoses

tfFough,lega1 'pr"oceedisgs under povJer of emlnent dCITtaln.

Control- of Access - Ttre conditlon whene the. rlght of owners or occupants of

' ' abuttlng land or other persons to access in connectlon wlth a $gfmay 1s

f\rlJ-y or part1a1ly controlled by prlc}te authorlty'

?0
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conI-nofleQ eO.Cess:,l4Fnglv ,- A r"oaihray wtrlah has nrff or parttal access'cor&rol

ard ls deslgnated guch:by ttn Dtrector of hrbllc worl<s. A hlglrrvay haq

, contnol_lgd aceess wtpn the qrner:s of abuttlng fards haye nq rlgftt'of aceess

to on tlcrn merr abutthg ]3tds or $tl€n such gHlpl's have only lj-mlaed or.

r^estrd.cted rlght of access.

Oqllly Sl.ogtlFtit" - n Countlf roqd Pe01r1g. 
tfe reqrrlrerrents of CSAC ard so

deslgnated by fie1r State Iraffis cdtteer nhlch ls trarrensable year
' :  :, ard leadg to polrts of lntqrest. Ure State Dl-rrlslon of lllglrrays

asslgns nders to.-these routes'

Grlde-sac.- I?re turn arqrnd area located at the erd of a dead-erd street o:r

' tt)ad. ,

C4fi,'ltu - A dral+, enclosed'chanrel, 'orr cdrlt for traPpoltlng $ater turdert

acrossr' or parlq'{e1 to a-noadlray system'

Qs?' - A CUt{e *tLctt ta* as tfre 
fo{ 

portlm of a slde$afk or as the ortslde

gdEe of a grrttor c ngq&ed.

rylnt 
- A roa6my deslgnrls tte 1e\rcl of de1itnltlm reeded to dlrect the

/ 
to the dest€d s rlgn trpaglqgen

constnrctlcn of a rroadrqy to the deslfed stadar{s' A des
'

U*rrr*, mter'laJ.s neports, etc. Desfun packagp for aII lrpnorrerent pnoJect

may contai4 englreertng lnstnrctlms along.wi.th lnformal drawJngs.'

rtFrgr mrgg - A speed detemlryd for deslgn arn cometatton of ttp pwslcal

f a frlgtrway that lnfluence vetrlrcIe qqratlm' It 1s the

speed that cal be nalr$al-rnd o\rer a speclf,ted sectlon of hlgtmy when

cqrdltlor.ls ane so favosable ttr4t the deslgn features of the hfuFt€y go\rern'
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Desld Volunre: - A voluryp, detertnlned for use 1n deslgn, represgntl4g'traffic

expected'to use the: highway; ilnless othenrlse stated, lt ls an hourly

volume of vehlcles travellng in both dlrectlons

Dlvldedl'Hhhway - A hnpfuay wlthrseparated rrca.dbeds for traffic rrovlng 1n

opposlte d.irections.

Easenent - A rigirt to use or contrrcl the pncpefty of another for deslgnated

purposes. ;

at1can}fient -,A raised structure constrrrcted of, natural soil from excavatlon or

borrow.sources

Bnlnent Dqnaln - Ttre pouler to take prlvate prcperty for pub1lc use wlthout the

o$flier€f corsent upcrir paynent of Just conpensatlon.

Encroachnent - Occupancy of hlghway rlgfrt of way by non-highway structures

or objects of any ldrd or cfraracter.

^ Dcpr"essws$ - A r"oadway for thrrcr:gfr trafflc wlth parblal control of accesst

o-- .'rbut whlch rnay or ney not,be'dlvlded or have grade separations at

lntersectlons. l

F,lexlb1e Paveirent - A pavenrent havlng suff161ent1y, low bending resistarrce
/

to'rnalntalrr lntlrnate contact'wlth the rrnderlying"stnrctr.me yet having the

,requlred stability flunlshed by aggregate interlock, lnternal f?lctlon,

' ,"and'coheslon to support trafflc. Asphalt Concnete is a flexible paverent.

Fbeeway, -' A f:reevray is a divided hlgfrway for throug[' trafflc wlth ful1

cohtrol,,of access and with grade sepa::atlons at lnterseetlons.

F?ontage StneeC'or Road - A }ocal street of noad auxlllarXrto and located

on,the slde of an arterl-a] rcadway, for serviae,,to,abuttlng pncperty.'and

'' ' '" adJacent area,s and for control of access.-' ' '  '  '" i" '  r ' : '

Geonetrlc Desigr - Geonetric deslgn is the a"rcangerent of the vlslble elerents

O of a poad, such as alignnrent, grades, sigfrt dlstances, wldths' slopes, etc'
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Grade - Incllnatlon wtth the horLzontal of a road usually exprressed by statlng

thelrvertlcal rlse or fal} as a percentqge of the horlzontal dlstance'

dlfferent }evel,s.

Hl.4"r"uy - A publlc v,tay for purposes of vehlcular and pedestrlan travel, lnclud-

1ng ttre entlre area wlthln the rlght-of-nay. In rural areas, or ln urban

areas wher"e there 1s curparatlvely llttle access and egFess, a way between

promlnent termlnl 1s usually called a hlgluay, noadway or slnply a rqad'

A way ln an r.glcan arear wlth or wlthout pr"ovlslon for curbs, sldewalks,

ald paved gutters, ls ordlnarlly called a street (see Flgr.lre t-602e for

t'crogs sectlon lllustratlon).

HlHrrway Caeaq*.v - lhe largest ruulber of vehlcles that can pass a polnt on that

hlgfiway (or roaOway) over a glven perlod of tlne urden ldeal cordltlons'

Capaclty ls npmally stated ln terms of passenger vehlcles per hour per

Lane.

IlterptuneB - A systanr of lntenconnectlng noadrruays ln conJunctlon rvlth a grade

sepapatlon or gm4e separatlms pr"ovldlng for the lnter^charrgB, of trafflc

' 
between trrp or.Irone roadways on dlfferent levels'

Intersectlon - Ttre,general area whene twb or nore rrcadruays Joln or crQss, wlthln

whlch are lncluded the roadnay ard roadslde facilttles for trafflc ncve-

rBnts 1n that anea.

Inverse Condenrratlon - Itre legal process utrlch nray be lnltlated by a pnoperty

olrner to corpel the paynBnt of Just conpersatlon wtrere h1s pnoperty has

been talcen or danaged for a publlc purpose.
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{rProverrrent*Anyworkperformedona4exlst lngrrcadwaywhichls lnterdqdto

imprnve the standarrd or condltion of the road to a higfrer level- p'rtan ghe

roadhasbeenlrrprrrvedtoorconstnrcted.T}pical i r rprrrvenrentpr.ojects

invo}verebasl t lg,acldingasurfacecourse,hor lzontalorvert ica}real lsr-

ment ,o ra tna jo rchanEptoadra l r ragBsys tem. I rp r r rver ren tornra ln tenance

proJects costing rrpre than $torooo norrmlly must be contracted by law'

I9}g4-Adef1nedareabetweentraf f1cIarresforcontr"o1ofvehic}emoverrents

or fo rpedest r lanr€ f l€e .Wi th lnan ln te rsec t lonanpd ianoranouter

separatlon ls consldei"ed an lsland'

l ,ev.e}qrf l I+tTerr .a ln-Anvcqrrblnat lmofgradlents, lerrgLhofgrade,of

horlzontal or vertlca] allgnrrent that permlts tnrcks to nralntain speeds

that equal or approach the speeds of passenger caJs

yatrlterlance - (Iegal defln1tlon ftqrn Strcets ard Hlgfflay Code: ) r'(a) Ttp

preserrrratlon and keeplng of r{drts-of+lay and each type of roadway'

,rstrmctwersafetyconvenlenceordevlce'p1antlng'l l lunlnationegulpnent

gncirgtr€r ' facl l l ty , lnthesafeardrrsablecordl t lontowhlchl thas"been

lmproved or constructed, but does not lnclude reconstnrction or other

lonofspec la lsa fe tyconven lencesanddev j ' ces , . .lnpr"overents, (b) opeatlon oI' specLa'J. saleqJ (iL'r'vvrsvt'!

and illunrjj1ating egulpntsnt. (c) Ihe speclal or enFrgency malntenance or

repair necessi-tated by accldents or by storms, or other weather condltlons'

slldes, settlerrents or other rrrru,sual or une)cpected dalnagg to a roadway'

strtrctr+re or faclflfy'

The degree and type of maintenance for each hlghway' or portton ther"eof'

' sha} lbedetenr r lned ln thed lscr "e t lonof theauthor l t }esc}mr8edwl th the

malnterrarrce theneof, taklrrg lnto corrslderatlon trafflc rrequlrerrents and

nPnLes ava1lable therefor' rr
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Medlan - Tlre portlon of a dlVlded hlgfrway'whlch physlcall'y separates the oppos-

ing traffic lanes. Medlans are characterl-stlc of dlvXded hlgfiways'

Median Lane - A speed'change lane withln the nred.ian to acconrnodate lefb-

*'turnlng vehlcles.

Irtlninrrrmi furnlng Radlus - ltre radlrls of the path of tlre outer front wheel of a

vehlele nraklng its sharpest turn.

Mountalnous Terrain'- Any conrOtnatton of gradlents, length of grader or hori'zon-

ta1 or vertlcal aligruent that w111 eause tnrcks to operate at very' slo'l

speeds for considerable dlstances or at firequent'lntenrals' ":

New Road - AnV road r&rlch ls eonstmcted where another rcad did rp! pr"evious\t

exlst :

Passenger Car - A self-pr"ofielled vehlcl-e generally deslgned for

the transporatlon of persons, but llmlted ln,seablng capaclty to not

npre thbn nine passengerti' lncludiirg ta*loabs, limcuslrcs, ard'statlon

wagons.t Also included, for capaclty pl.ll?osesr 63e two-a:cle, t1'ed plckupst

'panefs and Ught tnrcks, wtrlch have'operatlng characterlstlcs simllar to

those' of passenger cal:sr but'not notoncycles'

plan Line - A'plan l1ne 1s the proposed or planned rigfits of way dellneatlon

of a str.eet or higfrway:for flrtune constrarction or wldenJ-ng. A plan line

not :nttlauy lncluded in the gener:al plah rust be included by alrerdlng

the exlstlng general plan and'by recoid;ttlon''

Reconstructlon - A11 work perforned to r"ebulld a roadway. facillty accordlng to

ifre prevtously existlng standa'rl, 1f appl'1cabJ-e, dr to a,hlgher starrXard'

All these baslc eienents of roadway constructlon mlst'be'lnvolved; geogetrlcs,

stnrctural sectlon anA O"aftag" system' ' : ''

Relinlulshnent - A trrapsfer of one Jur"f-sdlctlonrs'r*g!:t, tltle and lntenest ln

and to a higfway, or portlon theleof, to another Jur'Lsd1ctlon.
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Regurfaci,ng - A surface placed on an exlstlng pavenent to regtore 1ts riding

qualities or increase 1ts strenglh'

F+t-of-wal 
- That porbion of land whlch ls Iegally o!'rned by the cowrty either

thrnugh deed or prescplptlve rlgfrts '

RiAid Pav-erren! - A pavenent havlng sufflc1ently hlglt berdlng fesistance to

distrlbute ]oads over a eonparatlvety largB ar€a' Portland cenpnt concrete

ls a rlgld Pavenent.

w . A r o a d w h 1 c h a 1 1 o w s o n 1 y o n e 1 e g a 1 - s i z e d v e h i c } e N o t r a v e ] .

fi.eely at any glven polnt on the roaduray.

T\q kI€ npeq - An undivided rrcad havlng one larp for traffic in each of two

opposlng dlreetlons

Bo?Oppd 
- that portlon of tfre noadway located between curt lines or shoulcler

lines or subgrade hlnge polntp. Dlvlded hl$rways a.re consldered to have

two rrradbeds. (See lttgur"e$ 1-602-A)

O Roadside - A general term denottng the arnea adJolnirg the outer edpp of the

nradbed. Extenslve qreas between the rroadbeds of a dlvlded hlehway rtay

also be consldered nradslde. (See Flgrre 1-6Q2-A)

Roadslde Developnent - Ttre dqvelopnnnt by preservatlon or enhancerent of all
-

features wlthin and alorg the hlgfrway rigfrt of way exclusive of the roadbed.

This includes the contour of the rrcadsldeg errcslon contrnl-, aesthetic and

ft:nctional pla4;lngs; a{acent scenlc areas; safety roadside rests; ard

related developnent's .

Fo3dwa{ - That portlon of the hlghway lncluded between the outside llnes of the

sidewalksr. or curbs and gutters, or slde dltches includlng also the apper-

talplng structunes, and all slopes, dltches, channels, waterways, and other

features, neces$ary for ptrcper dnalnag€ and prntectlon. The ca]ifornia

Strepts and Higlrways Codes defing the rrca&ray as incluQing the righ;-of-way.

(see Figure l-602-4) r .....
J J
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Rolllng Serain - Any conlclnation of 'gradlents, length of grrade, or horlzontal

or vertlcal allgnnrent that causes trucks to i€duce thelrrspeeds sr.ibstap

tia11y b'elow that of passenger'cars on s'one sectlons of the higfrway, but

which does not involve sustalned low speeds by trucks for any substarrtla]

dlstance.
'  : 1  .

Scenic Hi,ghway - An officlally deslgnateA portlori of the County Roadway System

traversir4i ar,eas of outstandlng scenlc beauty whlch together wlth the

ardJacent scenlc corridors requlies speclal scenic con^senration treatnent.

Seal Coat (General) - A bituminous coating wlth or wlthout aggregate rlornally'

applled io the surface of a pavenent for the purpose of waterpr"oofingr PP€-

servlng, or reJuvenatlng a bltr:nrlnous surface, or to provide increased skld

rreslstance or reslstance to abraslon by'trafflc. Also used in place of

Asphalt Concr.ete surface when base is'adeqr:ate to neet trafflc delnands.

Double Seal Co,at - An appllcatlon of two seal coat layers.

Ot"**t" *tnt"- t"* - An aur111a:ry lane for trafftc on one dfu'ectlon whlch

has been physiially separated flom the traveled way by nerklngs or physlcal

banlers whlch charuel the trafflc'flow.

Shoulder - the portlon of the r"oa&ray contlguous wlth the traveled way deslgned

for lateral support of b5.se and surface courses artd/or for erergency u.se by

vehlcles. (See Etgur"e 1-602-A)

dlstance on two and thnee-laneSight Dlstance - Passing - The mlnlrtrm slgfrt dlstance on two

hlgfiways that must be avallable to enable the driver of one vehlcle to
.'

pass another vehlcle safely aird comfortably *lthout lnterferlng with the

speed of an oncomlng vehicle trave$ng bt' the deslgn'speed, shoulil 1t corire

lnto vlew after thre overt'aklng maire,rver 1S started. 
' ' " '

Slght Dlstanie - StopDlnA - Ttre distance r.equfGa Oy . drlver of a vehlcfe

a travellng at a glven speed to brine h13 vehlcle to a stop after an objeet
v

on the r"oadway becones vislble. It includes the dlstanie traveLed durlng

. 
the perceptlon and reactlon tlnes and the vehlcle braklng ilistance.
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Spe_e*Lin,ritS, - The max.lnrr,lrl,or ml.�nlrnur speed at wh'lch a vehlcle is permltted to

travel wrder glven condltlons. It rped not be posted and is nornrally less

.than the desien sPeed.

Speed,Zonl!$ - the esbabltrshnpnt of safe and neasonahle speed limlts for certaln

speCiat zones or sectlons of roadtrays where the general speed limits do

not fit the rrrad or trafflc corditlorns '

Stagg Construqtj,on - Ttre constnrctlon of a rrcadway where the different stages or

phases of conStructtron are sprread over a nurb-er of npnths or even years as

opposedtoconplet lngthanlasonecont lnuorxproject

$l]Yct\lTal Section - Tlre plarured layerrs of speclfied ngterials, nonnally co-q-

slsting of srrbbase, base and paverrent pl?ced over the basenent soil'

SuFgade - The portlon of a r"oadbed upon whlch a subbase, base, base course' or

pavenent 1s to pe placed. (see fkure I-602-4)

Surface - Ttrat portlon of the r"oadray whlch is contacted by vehlcles travellng on

the noadway.

surfaee cor.rrse - The portlon of a pavenent applled to the top of a thick lifb

asphalt concr"ete base cour"se. It Inay consist of the SAne conposltion as

the base course, It rrray also be the top layen of the structural sectlon'

Tqgk cqat - Tlne lnltlal appllcatlon of blturnlnous materlal to an existing sur*

faee to prrrvlde bond between the superlnposed corstn:ction and the exisbing

surface.

Tnnoueh Street or lhrough Highvtal - Every hlsrway on portion thereof on which

vehicul-ar trafflc ls glven prefenentlar rd-gtrt of way and at the entrance

to whlch vehicular tr:affflc Jbom lntersectlng hlgfrways is requlred by law

to stgp before enterlng or crosslng the sare'

Traf,flc. gont]rcl S1gra1 - Anv devlCe whether rnarrually, electrlcalIy, or nechani-

ca1ly openated bY whlch traff,tc 1s

rdtted to proceed.

alternately dfu"ected to stop and per-

J J



T l ra f f | l c l , ane , -T t tepo r t l ono f the t rave }edway fo r the r r r cve rpn to fas l4g le

O t*" * vehleles

trafflc t4arlclngs - All 1lnes, patterns, words, colot's, or other deviceS' except

slgns, set lnto the surface of, applled trpon, or attached to the paverrent

or curblng, officlally placed for the pgrlpose:of regulating' warnlng' or

guidlng trafflc

onaf lxedorpor tauesr rppor twhenebyaSpec i f l ctra{rlc sj'en ' A device nxrunted 

":'^: :::: ^" : ly erecred ror
message isconveyedbymeansofwordsors l r rbo ls ,o f f l c la l

the purpose of regulating, warnlng, or gulding traffic'

n1y used for the npvenent of vehicles.
Traveled l^lay - Ttre portlon of the rrcadway co{tnn

Trugk - A vehlcle havlng dual tlres on ore or npre axles, or havlng nnre than

tw6 axles, deslgned for the transportation of cargo rather than passengers'

Includes tracton-tnrcks, trallers and seml-trallers whein Used 1n conblnatlon'

ExcLudes' tnrcks descrlbed as passenger Car€.' Buses a'e Corislder"ed a's tnrcks'
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sEcf,roN 2 - BA,SIC IESICN POI,ICIBS At\lD ffiOI\qXFIq STAIIDAADS

2-100 General.

2-101 Obiectives and Scope

Ttre objectives of thls Sectlon are to pr^esent policles, standards and

practlces for the desigr of the physlcal characterlstlcs of ttre road pertalnlng

to 1ts use. These characterlstlcs Boveln the level of servlce of the noad'

gnpacity, speed and contrlbutlon to safety'

2-IQ2 Pol.icy.

2-IO2.I Baslc Deslgn ob.lectlves - It trs the pol1cy of Hwrboldt county

that r"oadway deslgns w111 satlsf) the follorlng baslc crd-terla'

Tfre r.oadway w111 be deslgned to rpve trafflc efflclently and safe]y at

prescribed senrice IeveIs, conslstent wlth the actrral or e:pected u^se of the

noadway .Th lsnEans tha t , t hedes ignw l l l bebasedupon :

(1) Legal requlrerents'

(2) Sound englneerC.ng prlnclples and practlcest

(3) Traffic safetY corslderatlms,

(4) Ecorongr of Deslgn ard l4alnterunce' and

(5) Alfowance for the speclal natr.["e of Hrnrboldt county

noads and trafffLc Pnoblens'

2-L02.2 ects - It 1s the

polley of Hurboldt courrty that ln the Planrrlng and Developnent of ttre countyrs

prograns and proJects the followlng questlms sha11 be conslderred a's Sulde-

l1nes for a contlnuous e\raluatlon pIoCeSs as work progr€sses:

(1) What w111 be the envlronrrental lrpact of thls actlon?

(2) What advense envfuonrental effects cannot be avolded 1f thls

proposal ls ilrPlenented? 3 ?



(3) What mitlgatlon rrEa,sur€s can'be taken to mlnlmize the inpact?

(q) what are aLternatives to thls actiono lncludirg the possible

al'ternative of no actlon ?

(5) What is the rel-atlonshlp between local short-term uses of manrs

envir.onnent and the naintenance and enhancenent of long-term

ProductlvitY?

' (6) What are the irreversible envirrcnnental changes which w111 occur

if this ProPosal is inPlenrented?

2-102.3 Scenlc Values in Plaruring and Deslgn - It is the policy of Hunboldt

County that scenlc values be considened when plarurirg and designlng rcadrvays '

As an agfeeable and natr:ra] roadslde appearelce ls deslrabte, the destruc-

tlon of valuable trees and growth.should be avolded lf guitable alternatlve

locatlons are ava11able at reasonable cost

O 2-LOZ.4 Oes:-gn Speea -.It is the po11cy of Hr:nbordt Cgunty that design

speeds shaLl- be adequate for nnbi]lty, Vet generally remaln conslstent wlth

those exlstlng on county noads. ,,It 
is the desire of the county to pr"ovide

safe and eff:lclent rrcads, but not at the expense of solely deslgdrg hlgfi

speed rrcads.

2-102.5 Detoqr Roads - It 1s the policy of Hunboldt County that detour

rrcads may be built as needed to satlsf! innediate or ellnrgency needs only'

2-200 Deslgn Elenents

'

2-2IA Prelinrlnary Desierr Info{matijn'

The inforrnatlgn wtrlgh a rrradvray deslcn':r needs before he can prppare pr€-

llmlnary design plTS for inprovi1lg a road is:

(1). present traffic volrry e;1gresped.T,?o:Tg,t aarU. traffig (aor;'

(2) Present truck trafflc volune cfas.qi{1S,.Py, tM":. of 3'x1es

(3) Ttte percent of traffic rnoving in each direction' 38



(4) Frresent and proJected roaduray type, use, and Level of senrlce

(See Section 7030I), and

(5) prreJected trafflc volunes for alternative design ptirlods

For" deslgns lnvolving a totally rew roadway, obvlously, present statlstlcs

are not available. In thls case, the best estimate of future volunes ls

requlred. It 1s deslrable to corduct an brlsin and destlnatlon analysls prlor

to assignlng traffic values to new rrcadway deslgn'

2-2LL Sqlectlon of Roadr,ray CateFory.

Glven the above prellmlna4y design lnfonratlon, the deslgnerrs rext step

for a new rcad or an lnproverent would be to select the apprropriate r"oadway

category whlch w111 best acconrncdate:

(1) ,Pr"oJected noadrvaY u"se,

(2) Pr"oJected lerrels of serwlce,

(3) Fraesent r"oadvlay features, (lf deslgnlng a roadnay segnent inpr'tovenent),

(4) F\rture land develognent plans, ild

(5) Other cornnrnltY needs.
'' 

sectlm 7-300 e:cplalrs, 1n detall, trle procedure for selectlng a noadway

catetory. The selected categpry speclfles the baslc geonetrlc featr:r"es of the

new road or ilrPrroverent.

2-2I? lll$wqv CaPaclty

The capaclty of the roadway must be determlned to assure the deslgner that

the r.oadway category he has ser,ected wrrr in fact acconrpdate the trafflc volunes

antlclpated.

As a general 1'r.l-e ln rtra] a-neas, 9oO passenger ca.rsi per hor:r 1s capacltyt

and 1n urban ar€as, 1500 passenger cars per hogr ls consldered capacity' If

the proJected average dalIy trafflc 1s such that roadway capaclty w111 be ret

or exceeded during the deslgn perlod, the deslgner must corslder "Uqtt"qrj*ut
_  ( ' \ /

ard a dj-fferent r"oadway categpry ;



Ttre nr"rrber of connrerclal vehlcles, lane wldth, afrd lateral clearanee are

Uatt 
factors whlch affect capaclty. rf roadway capaclty needs to be calcurated,

the publicatlon t'HiSrway Capaclty planualr" dated 1955 and pr'epared joJ-ntly by

the U. lS. B,.reau of Rrblie Roads and the Highway Researeh Boalli should be rrefer-

enced. It contains tables, etc., for calculatlng capaclty.

2-213 Deslgn Speed.

Deslgn speed is a speed selected for deslgn ard cortel'ation of the physlcal

features of a hlsway that influence vehlcle operation. ,It ls the maxlnum safe

speed that .can be rnalntalned over a speciflled, sectlon of hJ-glway when condittons

are such that the deslgn features of the hlghway goveln speed. Design speed

and posted speed l1m1ts ar:e not necessarlly the sane.

2-2I3.I Deslgn Speed StandarrCs - Deslgn speeds as low as 10 mlIes per

hour nay be conslder"ed for silgle access roads receivlng only private use ard

a- desj-gn speeds of 65 or 70 nray be considered for hlgb volrxre arterials whlch

fWrctlon as County ttexpressways.

llkre followlng table e).cpresses allowab1e ranges of deslgn speeds accordlng

. / -
to the f\rrictional use of the road (see classlficatlon system deflnitlons -

Sectlon 7-3OO)

TABLE 2-2I3.I

DNSIGN SPEED RA}IGES BY ROADTIAY FUN0fION

1 0 - 4 0

2 0  : 5 9
2 0 - 6 0

3 0 - 7 0

c0
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2-2L3.2 Seleqtlgn of Deslgn Speed - ltle cholce of deslgn speed 1s cm'-

tnolled pr{.nclpally by the follwlng factors:

(f ) functlon, use ard usen of the roadt

(2) Crraracter of terraln, lanxl trse, alu pquratlon &nslty,

(3) ffafffc (volture ard rretrlcle type)'

(4) noadlmy type (oner tuo, or m,rltlple lares),

(5) tevel of access contrrol'

(6) Wldths and allgrrrents of lares and exlstlng br{'dges' ard

(7) Ecorsnlc and nalntenance conslderrattons'

Geqretrlc deslgn featrrnes such as vertlcat ard horlzontal al18rsnent,

slglrt d.lstarrces, ard sr.per"elerratlon rrary dfuectly wlth deslgn speed' llrese

r.elatlonshlps are based on pnoven eqgtnger"frg pr'lrlclples. At lcn deslgn speedst

featunes such as ryldths of traveled nay arrl strotrlders do rpt rrarrr dlrect\y wlth

deslgn speed. Horever, traveled way wtdrth ard clearance to solld obJects nust

lncr.ease wlth hlgfrer speeds.

Slnce rcads are to be deslgned to neet ftrture traffLc cordlttons, lt 1s

lnBortant that tl€ deslgnerrs assupttors r^egardlng f\rtrrne trafflc behavlor

are reallstlc. Itre deslgrer should wor{< closely wlth the County Plarnln8 peea*nent

ard cflrd.ssion to obtaln thelr estlnates regarilng gnilth and future 'roadway lEedrs'

The deslgrer should not select a deslgn speed ntrlch 1s lnconslstent wlth

the baslc topograpry of the area. In curvlng llDuntalrpus terraln, the drlver

ls rrcne apt to qrderstarrx ard rraccq>ttr a lol deslgn speed tlran 1n alr area rrthere

thene 1s rp apparent reasm for 1t.

It 1s a corr13n deslgp practlce to lay out the roaAnaV allgrsrent prltnarlly

accordlrg to up restr'lcttqrs vfilch the terraln presents. lhe deslgfr speed

vrtrlch 1s lrrllcated by,ttrls layout ls then adopted. Thls nethod nay be ecorsr$-

ca1 ard practlcat 1n sone lnstances; however, the resultlng deslgn speed rmJl

not colnclde wlth the desfu€d deslgn speed a.s determlned flnqn conslderatlon of

the factors llsted earller ln thls sectlon'
, .  41



It 'shouldberrememberedthattheprlnrarryobJecti.vej.stoprovlderoadway

]ervrce wlth r.easonable nrobl11ty and comfort wlthout qacrlflclng safety for'

users. For reasons of safety and econony, it rnay be desirablg to design for

lower speeds than could rreadlly be acconnxrdated by the ter4lialn' Ttre balance

between safety and econcxrSr should constantly be consldered by the designer'

Early conslderatiorr must be glven to the costs to pnrvlde the type of road

lrdicated by a glven deslgn speed. Sirrce deslgn speed 1s the major controlllng

factor for roadway design, sligfrt increases in design speed will esult il s1g-

nificant cost lncreases.

2-214 Desigr Period

The des,lgn period is generally conslder^ed to be the design life of the

roadway 
fW 

a eapaclty standpolnt. It 1s basic to the designer because the

deslgn of the structrxal sectlon ls based upon the loading which the road 1s

O"*u"red to suppor{ dtring the deslgn perlod'

2-2I\.I Deslen Perlod. Slarda{g.q - Tor Co'nty Arterlals, deslgn shall be

based on, estlnrated traffltc r^equ!"enents 20 years afber constrlctlon' For all

other foads, 15, l0 or 5 year deslgn periods nray be r-used. fYre Dlrector of Publlc

Worksr appnoval 1s r"equlred for flrB-year design projects

z-z;.1.a Selectllg lhe Deslprr perlod - It is difficult to prrrject county

traffie neqcts, therefore, latitude 1s deslred for selecting the deslgn perlod'

Factors to conslder when selecting the deslgn period ane:

(1) Roadway classificatlon,

(2) Tl"affic volunes, l

(3) Iilaturc of trafflc (perc,9nt and size on trucks)'

(4) Flood his,tory of the.road locatlon, : ,.

(5) Econornics (constructlo-n and nal+tenalce,coqqt,l'

(6) zutr:re developmentt .i:.,, , , :

(7) roeglne cyc1e, and :. .. .: :,.

(B) nefatlve geologic stablllty of }ocation'
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fheHr.urboldtCountyrgadrvaydeslgnerrrustrrerrrerrberthatthedesl8nperlod,
(TI) concePts a4e based uPon

equl-valent vrfieeL load (Ehft) r ard trafflc lrdex I

an a.ssunptlon that noads deterlorrate pr1marlly as a pesult of trafflc' Thls

ls generally tnre; however, noads 1n areas of [eaw ralnfall ard fteg1rent flood-

llg ofben deterlorate as a result of the natyral elenents rather than trafftc

wear.

Alsotobenenernbered, lsthattherrater" la lsusedtobul ldor l r tpr^ove

County rcads ofben tlnes are not of the hlgfrest glatrLty' Ttrls neans that the con-

stnrcted road nray not actually accormndate ttp theoiretlcal deslgn year trafflc

volures. ldhren selectlng a deslgn perlod, the deslgner rnlst al1ow for the

factors rrentloned on the prevlou's page'

2-2L5 DeslPrr Deslgnatlon
' 

tf* exprresslon of the basic deslgn factors whlch
Ihe deslgP deslgnatlon 1s

control the roadrvay deslgn. fb}}cnd'lng 1s an e:erple of this e:cp:resslon:

A U I ( 7 0 )  =  1 B 0 o '  D  =  6 o f r

AIII(90) = 5iI)o I = Btr

F A  - - L

. ffiV = 6Oo V = 50rPh

noadwav categoqr (5; ,= fho lane wlde traveled way'

Ttre above 1s explalned as follotrs:

AUr (70) . . Th€ avel?ge da1ly trrafflc' in nr'[IDer of vehlcles'

for the current Year'

AIrr (90)

as a ta4et 1n deslgn.

DIIV . . r . ' Ihe two-way deslgn hor'rrly volune' vehlcles'

: . ' Ttre per"centage of the DHV 1n the dfu^ectlon of

heavler flow.

Itre clraracter of the trafflc' l[h1s 1s e:cpressed by

the tnrck lncroement (T) as a percent of the DIIV'
.  A *. l v
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the deslgn speed 1n mll-es per hour'

R o a d w a y C a t e e o 4 l ( 5 ) . T t r e c a t e g o r y o r b a s l c t y p e o f r o a d t o b e d e s l g n e d

accordlng to the Corrntyts roadway classlfi'catlon

sYstem'

Wl th lnapr .o jec t 'onedes lgndes lgnat lonsha l lbeusedexceptwhen:

(a )Thedes lgnhowly t ra f f l cwa. : i ran tsachar rge ln thenur rbero f

lanes, or

(b)Adecldedcharrgglntopographydlctatesactrar 'gelndeslgnspeed.

2-300 C'egmetrlc Desierr ElenBnts

2-310 ToPoPraphlc Elenentst

2-311 SlSt Distance

sl$t dlstance ls the contlnuorr.s length of hlgfnray ahead vislbl'e to the

drlver. In deslgn, two slght dlstances are consldered: passlng sight dlstance

' :

andstopplrrgslehtdlstance(seeSect lont-602fordef l in1t lons).

Pa,sslrrgslg|rtd'lstancelsconslder"edonlyontwo-lar,rer'oads.Passlng
.sleht 

dl.stance ls not a,s crltlcal as stopplng slght dlstarrce for 1ow volune

'**,'"1r"" 
tlre lncldence of pa^ss1ng 1s 'elatlvely lnfbequent' also' the hlgh

nr.urber of cunres ctraraeterlstlc of nuny Cotrnty noads nakes the cost 9f pno-

vldjxg mlnlrn-un pa,ssjxg slgfrt dlstance pnohibltlve in rnany cases ' By pr"ovldlng

turnouts,pass$grnaybeaccorpllshedwlthlltt lelnconvenlence.

2-311.1 Slsht Dj-stance Slg4qglgt - The follcnrring table shows the stand-

ar,ds for passlng and stoppln-g slgrrt dlstance nelated to deslgn speed' These

a:r'e the mfd'rrnun values to be used 1n deslgn'
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TABI,E ?-3]1.1

SIGI{I DISTAI.ICE STANDANDS

Design Speed
(mlles per hour)

I\tinlrnxn SUht Distance

* StopplnE (feet) ** passlns (fqgQ

10

20

30

40

50

60

65

70

L25

150

200

275

350

525

600

750

1100

1500

1800

2100

2300

25OO

n App1lca.ble for all noails - &ssurEd that drlverrs eyes are

3.75 feet above the pavenent and obJect is 0.5 foot hig[ on

the road.
*ft A^ssrmred 311gt driverrs eyes are 3.75 feet above the pavenent and

-oUject 
i" q.0 feet hlgh on the road - appllcable to two-l-ane

,. roads.

Ttre stopplng slgfit dlstances ln Tab1e 2-311.1 shal-] be lncreased by IB

percent on a sustalned gr€de steeper than 3 percent and longer tkran I m1le'

2-3rr.2

glves the length of vertlcal cu:rre requfu^ed to obtaln stopplng sigfrt dlstance

for a given deslgn speed when the algebralc dlffenence 1n grades is lcrorn

2-311.3

in Flgure 2-31r.J, the length of vertlcal crrrve wrrlch provldes headllgfrt slgfit

dlstance in grade sags for a glven deslgn speed 1s obtalned lf the algebralc

d.iffer"ence 1n grade rates is lmown'

o
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S T O P P I N G

O N  C R E S T

S I G H T  D I S T A N C E
V E R T I C A L  C U R V E S

nigrre 2-3tJ.2

o{Y;P,g{n;!;'1"#'
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L
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t l
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t
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,
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Note: Taken fYom California State Design Manual (ftgure 7-2OL'\)



S T O P P t r N G  S I G H T  D I S T A N C E

O N  S A G  V E R T I C A L  C U R V E S

higure 2-3LL.3

r.etrent or VERTICAt CUiYE - FEET

9

t

,

a

5

a

!

L . Crrra l.iofi - FL
. l. l||rlroic Cro{t. ditt.ronc.-t

3 .  Sl$f  d i . to ic. -Ft ,
Y .  or l i la  r9.ad- r .P.H. tot  

' t '

W H E N  S > L W H E N  S < L

T=2.s_ l{oo+3.5s
A

o€steil sP€€o
rt'l{.

st6lrr 0lstatlcE
fe8f

1 L25
2 150
o zI l l l

o 275_
35

6 rOO
70 750

Note: Taken f?om Caflfornia State Deslgn Manual (Fleure' 7-201.5)
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2-3U.4 b Dlstanee StandalQq .n liorlzontal Curyes - Where

a- an object off the pavernent such as a brldge p1er, purr{rrc1 ,cut 
slope' or

natur.al growth restrlcts sigfrt dlstance, the rnin{lrn radlus of crxvature ls

deterrnlned by the stopplng sight dlstance'

Stopplng sight d|stanee standalds on horizontal curves are obtained fYom

Flg're 2-31I.4. It is assuned thrat the driver's eyes ar"e 3.?5 feet above the

center of the inslde lane (lnside with rrespect to crxve) and the obJect 1s 0'50

foot hlgh. Ttre Ilne of sigfrt ls assuned to intercept the vlew obstruetlon at

the mldpolnt of the slgbt line and 2 feet above the center of the inslde lane'

The clear dlstance (m) is nea.sr:red frrcm the center of the lrside lane to the

obstnrctlon.

I?re general pnoblem 1s to determlrc the clear dlstance flqn centerllne of

lnslde lane to a r:etalnlng wa11, brldge pi-er, abutnent, cut slope, or other

I 
obstmctiorr'for a gllren deslgn speed' Uslng radlus of cur-vatr"rne and sight

illstance for the deslgn speed, Etgur"e 2-3U.4 glves the clear dlstalce (m)

florn centerllne of 1ns1de lane tO the Obstmction.

.When the deslgn sped and the clear dlstance to a flxed obstructlon are

lcrogn, thls FlgUr.e also glves the requlred mlnlnun radl-us wfiich satlsfies these

condltl.ons

2-3Lr.5

Flgure 2-311.5 glves the length of vertlcal cu:rre nequfu'ed to obtain passlng

slgfrt dlstance for a Pveq deslgn speed r,vlren the algebralc difference 1n grades'

is lano.m.

2-312 Supenelevatlon

Aocordlng to the laws of nechanlcs, a vetriele travell4g on a curve exerfs

ttion rates ar,e
an outward for"ce called centrif\rgal force. Standarrd super"eleve

' thecent r l f i ]ga l fo rce tha tmustbe takenupbydeslgned to hold the Portlon of
' I  : ' ' i  4 8



Eieure 2-311.4
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t1r.e fuctlon wlthln allolrable llJnlts. ftre llmltlrlg safe f!1ctlon factor"s

related to speed have been fourd to be as shourn 1n Elgure 2-314'1'

2-3I2.I SuperreLevatlon Stardarrts - Fbr nrral hlgh speed rroadvrays'' super-

eLevatlon w111 not be nnne than 0.125 toot per foot.. the malcim)rn rate for lcnr

sped, lol volune roads w111 be 0.06 foot per foot

Dgparbures f om these valrres nAy'be Justlflted under speclal condltlons such

aS an lncfease ln super.elevatlon rate on a short rad!'us Currye ln order to nralntaln

deslgn spged or becar-use of the conposltlon of the sr:rface; 1'e" gravel' but 1n r'to

case shall the rate exceed the maxlrurn of 0.125 foot per foot'

m two-lane r"oads, lt 1s not advlsable to u.se dlfferent superelerratlon

slopes for.each half of the rcadbed except for deslgn speeds of 30 mi-les per

hour or less when tnrck trafflc ls r.elatlvely hearry. On grades wtrere tntcks

cannot malntaln the posted speed, 1t 1s urdeslrable to deslgn a ran<finun super!-

elevation r€te.

Z-3]:Z.Z Relatlon of Srmelrelevatlon to Safe Speeds on. Ctn'ves - Safe speeds

for varJ-ops conblnatlons of currratur"e arrd sr:perelerratlon are obtalned dlrectly

fbun Flgrrr"e 2-314.1.

Z-3L2.3 Snow arra Ice ConOltlons - In sqne loeatlons, ustral\r above 1500

feet eleyatlon, ntrer.e snovr'and 1ce condltlors prerrallr 1t rrray be necessary to

neduce the ma.1lmun superel-evatlon to 0.08 foot per foot. Reduetlon of the

stalda:rd supenelerratlon mtes on curves whlch requi:ne 0;08 foot per footn or

1ess, 1s not acceptable. Where snow and lce eordltlons prerrall ard on uph1I}

tnrck 1anes, the supenelevatlon w111 be neduced to raxlnnrn 0.08 foot per foot.

2-312.4 Urban S9neet Condltlons - Supenelevatlon should be avolded entirely in urban

sectlms whene r.estrdcted speed zone or_ street lntersectlors are contr"olllng factors.

In addltlon, establlshed street grades, curbs, or dralnage may prove dlff,lcult to

alter. Such condltlors nray warant, for e:rarpIe, a reductlon 1n the sr4perelevatlon
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rate, dlfferent rates for each half of the r"oadbed or both' In war"lng street

(See Flgure 2-314,1)O *m for dratnage, adverse superelevation shouLd be avolded'

r  D^+^!{^s Eras rrnAirr iAaA hlohr. r  f rOtat iOn2-3L2.5 nlcx1e-g!-Eqtatlon. - For undivided hlgfrweys, the axls of

for super.elevatlon ls usually the centerline of the raadbed. However, ln speclal

cases wher.e cun/es are pr€ceded by long r.elatlvely level targents, the plane of

superelevatlon nray be r"otated about the lnside edge of the pavenent to lrprove

per.eeptlon of the currre. In flat country, d::alnage pockets caused by super-

elevatlon rray be avolded by changlrg the axls of rotatlort fYom the centerllne

to the lnside edge of the Pavenent.

The selectlon of the a:rls of r"otatlon should always be consldered 1n coF-

Junctlon with the deslgn of ti:e prrcflle and super"elevatlon transltlon.

Z4LZ.6 gtrpenelevatlon Transltlop - Ttre superelevatlon trransltion ggnerally

conslsts of ilre superelerratlon nrn-off (Ienglh of roadway needed to acconpllsh

I the change ln cross slope fbqn a horizontal llne to a trrlfJ super"elerrated sectlon
U

orv lceversa) , tbcrownrun-o f f . land thercna j .n lng50fee to f thever t l ca l

cunre as shown ln Flggne 2-312.6.

A superoeleyatlon transltlon should be designed prlnrarlly to satlsf! the

rrqulnements of safety. Cqnfort and appearance should a'lso be considered'

The lenglh of sr.rperelevatlon trarr,sitlon shaIl be based upon the contjlnatlon of the

rnildrlJm superelevatlon rate and the deslgn speed of the curt/e'

Z-3LZ.T Superrelevatlon Transltlon Standa:rds - Srrper"elerratlon transltlon

starrdands are shq'rn on fbble 2-312.7

- ^n /t^*^,,-: l,\ '-t6c - (hrnoralor fd2-3LZ.B Superelevatlon of Conpound Curves - Superelevatlon of conpow

c1prres sha1l fol1ow the pr"ocedure aS lndlcated ln the State Design l'lanlJal'
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TABLE 2-3T2.7

MINIICIM LEN$IH S"IAI'IDARDS FOR
S{jPEREIEVATION RUNOFF FOR tIilO-LAl'lE PA\IEMENIS -

Super"elevatlon
Rate rrStf

Foot,zToot

L - I€nelh of Rrnoff l:r Feet
Deslen Speed' l@ef :-

2A 30 lt0 50 6o

. 0 2

.olr

.06

.08

'.10

.12

50

50

50

50

50

50

100

100

110

1ll5

r8o

2L5

t25

L25

r25

170

2r0

250

150

150

150

rg0

240

29o

175

l-75

l-75

2r5

270

325

5.{



2-313 Traveled WaY Crown

Ttre cr"own or center of a two-fane roaaray ls deslgned to be hlgfrer than

the edges of the r.oadway 1n order that waten will drain orf or the noad lnto the

or+age system. on surfaced ncads (Asphart concrete or sea] coat) proper crcv{ns

rnay be speclfled; however, constmctlon practlces and technolory do not always

cf the road nraYguarantee adequate cro$ln. Ttre terdency to drlve 1n the center I

cau.e ttconpactlngrr of crrwns on rroads. On unsurfaced rrcads, rnaintenance prractlces

such as gfadlng also contnlbute to the destmctlon of the crown'

It 1s dlff,lcuIt to r"etaln a proper cr,lot^ln on an unsurfaced noad because ln

tnany cases the ,tsurfb.cert materlal ls of poor quaIlty, tlrenefore, PFP€r gradlng

ray not be sufflclent to hold the cnown. Secordly, the tendency 1s for drlvers

to drive rear the center of the road (espec1a1ly on 1ow-volune roads) and as a

r.esult, a properly constnrcted crown w111 be corpacted to a polnt whene llttle

or no crovm r"emalns

Becau,se of the quarrtlty of ral-nfa}l whlch the County recelves, lnpr"oper

crov,ns result i-n lnproper dralnage, whlch rnay result ln:

Rapld noad deterioratlon,

Ponding of water, and

hlher.e the r"oadlvay v,rldth 1s nanrow, such as on one-lane r"oadsr a one-way

slope ls advised rather than a crawn. One-way slopes nornrally should have the

Iow slde located on the uphlll slde of the road'

2-313.1 Crrcss Slope Stardgnlg - Cross slopes wl1t be four per"cent Ufi on

non-surfaced Cor:nty roads. A two perce4t (21) slope wlll only be acceptable.lf

the sgrface materlal ls hlgfi quallty Asphalt Concnete and constnrctlon equtpnent

is such that no less than a two percent (2%) slope 1s conslstently achleved''
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314 Horlzontal A]lgqgPnt.

Horlzontal attgrunenO should prrcvlde for safe and contlnuou,s operatlon'at

a rrnl.form deslgn speed for substantlal.lengths of roadway. The stardards whlch

. fo11ow apply to er:rvatur€ on both two-lane and ru1tl-1ane hEhways except when

otherl,l'tse noted.

The naJor conslderatlons 1n horlzontal a11grunent deslgn are: safety,

grade pnofile, type of fac11lty, design speed, topogapfV, constnrctlon

and nraintenance cost. Topography contrrc]s both crlrre radlus ard design speed

to a largg extent. The deslgn speed, 1yr turn, controls slgfrt distance, but

slght dlstance rnrst be consldered concurrently wlth topogrcphy because 1t ofben

denrarxls a larger radlus ttran the deslgn speed.

2-31ll.l Standar"rts for C\xvatune Allgment - Fbllowlng ls a Tbble wtrtch

glves the nlnlrnun r.adiqs of currre for speclf;lc deslgn speeds. Thls tb'b1e 1s

apased upon speed alone; it lgnor.es the slgfrt dlstance factor.
tt

Horlzontal allgrnrent rrust afford at lea,st the mlnlnun stopplng slgftt

dlstance fon the deslgn speed at all polnts on the hlSrway, as glven ln Table

2-311.1.
./

Cu::,ye wldenlng shall be consldered on low rad1ljs curues 1n onler to corp

pensate for off trackins characrerlst::il:rr*"ks and trairer"s

STA'NDARDS TOR SIJFiI/E RADIUS

20

3o

4o

50

60

70

120

300

550

850

1150

rB00

Itllnlnum Radlus of
C\:nre (Fbet)

Deslgn Speed
(Mltes Per Hor.rr)
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Ttre safe s-peed for a particular cur:ve is controll-ed by the radlus and the

Safe speeds for varlous conbinations of radlus and supereleva-superelevatlon. - ? vaflolls connrn

tlon gre gtven in F5.gur"e 2-314.1. In deslgn, thls chart 1s used togeth€r wlth

mgure 2-311.4 to pr"ovide a safe curue

Z4::t1.2 Conpound CrrnrgS - Conpor,rnd curves should be avoided, however, when

r"equired the shortei radius should be at least two-thlrds the lorrger rtdlus wtren

the shorter radlus 1s 1000 feet or less. Ttle total arc ]engbh of a conpormd

cun/e should be not less than 500 feet.

2-3t4.3 Reversing G.rnres - Reverslng cur:ves without an jntewenlr€ tangent

nray be permitteO. Severe phryslcal re$trlctlons may dlltate the use of eurves tn.-

opposlte dfuectLons wlth a short intenrer:lng tangerft.

2-314:4 s - Cl.D3ves beglnnlrrg or ending near a brldge

shoula,b. ": pl-aced that no parlt pf the superelevatlsr transi.tlon exterds onto

the brldge: Copound artd./:or rever"silg curwes on a br-1dge are rrndeslrable' If

cunratune 1s' wuavoldable, the bridge shorrld be entfuely of a sfurple cun/e a's

flat as p!rys1cal corxlltlqr,s pernd-t : .

2-315 eraOfent (Grede). :.:

11re gr€de li.ne ls a refenence line by rtrrich the elerration of the parrenent

and other featgr"es- of tr'e hlghway are espablishea' rt 1s controlled rnainly

by topograplry, by the type of hfufrway, horlzontal aligrlrent, safety' sfultt

dlstanee; constnrctlon costs, dralnage, and nalntenance' The perforrrance of

heavSr vehrlcles on a grade also nnust be consldered.

All portlons of the grrade l1re nnr,st {eet sigfit distance reqrilnerents for

the design speed classlficatlon of the noad'

2-315.1 Grade-Elgndgrgs - Ttre tt4xj*r" grafte rate will be 12 percent' fire

mlnlnnrmw111 be 0.5 percent ln snow cor.rntry ard 0.12 percent at other locatlons'

E:ceept for conventlonal hlgfrways in areas subJect to urbanization, a level gfane

lr?
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.1ne ls permlsslble ln ,leve1 terraln wher"e fil-ls ane shallow enoug[ to call for

slde slopes of 4:1 or flatter and the dlke ls onltted.

Table 2-315.1 contains the maxi-mum necorrrcnded grades ior various types

of terraln and differirrg design speeds'

TABT,E 2-315.1

NIA]gMJM GRADES

(Perbentage)

o
' Note: For hlghways wlth AUIb below 250' grades of

relatlvely- short lerglhs nay be lncreased to
i50 percent of the value shovm.

2-3'15.2 Crltiqal Lerrglh of Grades

Etgure 2-315.2 glves the critleal length of grade tangent r"elated to

, .  . ;  .
per"cent upgrade and gpeed neductlon. i"or ordinarry deslgn purposes, a 1l

mile per hor.rr speed r"eductloh eunre wlll- be used'

2-315.3 Grade Llne at Structures - (See State Deslgn Uanual).

Tlrpe of Tbrraln
Deslen Speed ll{PI!)

20 ic 40 50 60

Flat

Ro111ttg

Mountalnous

7

10

t2

"7

9

t0

7

B

10

6

7

9

5

6
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ASSU?.�ED TYPICAL HEAVY TRUCK OF
4OO POUNDS PER HORSEPOI{ER

Flgiure 2-3L5.2

CRITTGAL TENGTITS OT GRADE 8OR DESIGN
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2-Jt6 Vertlcal Cr.trves.

hoperly deslgned vertlcal cunres should provlde adequate sight, dlstancet

comfortabl-e drlving, good drainage, ild pleaslng app"arartce'

2-316.7 Vg@ - A parabollc vertlcal cu*re ls u^sed'

n$ure 2-.3L6.1 glves all necessalXt mathematical relatlons for conputlng a vertl-

cal cr.gre, ei-ther at crests or Sags. In lleu of the nethod shown' the rate of

change of grade per statlon may be used 1n conputatlons

design speeds of 40 ml1es per hoqr or nrcre, the nlinfun1m length of

vertlcal curye nornrally shalI be 400 feet. For 30 miles per hor'r design

speed, 1t should be 200 feet whenever feaslble' As flat vertlcal- curves may

develop poor drainagg at the leve1 sectlon, thls dlfflculty may be overconF

by a sllgfrt gutter grade adJustnent or by shortening the vertlcal ewve'

FIGI'''''RE 2-316.1 - \ERTICAL CUHVES
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2-320 CeoTetrlc @qs @-
^ r | r ' : : + ! !

-
a2-321 Roa&vay Creometrd.es. There are ttu"ee baslc elenents of roadway Qeslgn

cross sectlon geometrlcs :

(1) Ibaveled WaY,

(2) ShoutOer, and

(3) noaouea

Traveled way wldth 1s the r"oadway anea utlllzed by nnvlng vehlcles 1f

surfaced or, 1f the road 1s unswfaced, 1t 1s that area that is ralntalred

e:cpnessly for the use of nnvlng vehlcles.

$roulder wldth ls rneasured frqn the edge of tranreled way to elther the

lnrer edge of the gutter or to the dltch, bgh or curlc. Roached wldth 1s 
:

nea.sured fbom cut and,/or fltll hlnge polnt to hlnge pofnt. lhe follotrJ:rg

dlagram lllg.strates the l1mlts of each cross sectlon dlren^slon as def,lred above,

]t* 
rleht of'way whlch ls dlscussed 1n Sectlon 2-3ZZ'

6?,
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2-3ZL.f Cross Section St s - lq"l:qq anA yr$ cross sectlon

standards for the varlous roadv,ray categorles sha]l be as shovun on Eable 2-32L'L'

TABLE 2-32L.r

HOADWAY CRO,SS SECIION STAI'IDARDS

Roaduav Categorl Fveled Way *
Wldth (Fbet)

Shourder
Wldth (Fbet)

Roadbed '-

wldth (Feet)
No. Description

I Slngle I€ne - Nanow

2 Slngle lane-T\rrnouts

3 SXnele Iane - Wlde

4 , TVvo I€ne - Narrow

5 Tho Ianre - Wide

6 T\ro Iane - Wlde
(Roadway Parklne)

10

1o-12

16

1B-20

24

24

-0-

-0-

-0-

q e

4 0

B

L2

T2-T6

1B-20

22-30

32-40

40-60

7 lfultlple rarres **fl l2r Ianes See State Manual

: I When nequlred. Shoulders should be provlded when a transltlonal area 1s
, requined between the surface anO tne natwal grcund 1evel a,s a safe

plice of r.eflrge. for the vehlcle operator dur{-ng a traffic erergency.
AIso, when laieral support above that provlded by the base 1s requlredt
shoulders rnay be needed.

It Surface wldth lf paved.

lf* Roadbed 1ncludes, lnproved shoulder, r-rnlrproved shoulder., backqr, walkwayst
sllde bench, berrn or dike, ard dltch or gutter. (hj-nge point to hlngq
polnt)

*f3ft nrrning lanes will be L2 feet For 4 or rrcr"e lane hlghways, see State
Deslgn l{anr.al

2-321.2 Constant !:ross Sectlon - A-constant cnoss section need not be

malntained for the f\r11 length of the road or the road segnent. However, when

va.rrying r"oadway widths are consldered, the effect upon safety must be evaluated.

Tbaffic contrrol devlces, warning slgns, etc., should be ut1l1zed wheq.:*ttt3

cross sectlons are not rnalntalned.



2.=32t.3 T\unof+ts - nrrnouts wlIL be deslgrred to be long ercugh to acccnr

rcdate the laqgest lega1 vehlcle and wlde enouglr to ellmlnate pote4tlally

dangerous confllcts at the roads deslgn speed. The tapered sectlon at both

ends of qre turnout w111 be deslgned to allqr safe transltlon frqn the traveled
:

way onto the turnout sectlon

T\rrnouts should be }ocated on curves wfiere confllctlrg vehlcles have

dlffLculty baclclng to the nearest wldened sectlon ard other ar^eas wher"e slgfit

1s nestrlcted. gre dlstance between turnouts an 1ol-voh"une noads (less than

100 AD{f) ls rretratlvely unlnportant pr"ovlded they are 1ntervlslble.

TABLE 2-321.3

I{JH'IotlT STAl.lDAffi

Deslgp Elernent Stardard

L€ngth

Idldth

Dlstance Between

Deslred. Iocatlon

BO feet (Pttrs I€nglh for Taper"s

10 Fbet

1000 Feet (Uardrum)

At Crrves

Note: See,Sectlon 7, Roadway Category 2 for
stardareds fon turnout noads.

2-322 Roadsi-de Gesnetrics.

2-322.L Rleht of Way - Ttre pnocr:nenent of rlgfits of way to such wldths as

vrl1l acconmod.a'be the proposed constnrctlon, adequate dralnage ard pr"oper nalnterr

ance of a roadway 1s a most lrportant part of the overall deslgp. Adequate

r,1gfrts-of-way permlt the constnrctlon of deshaed slopes nesultlng 1n mone safety

O 
to" the rptor'lst arrd economlcal rnalntenance.
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: :
: 2-'322.,2 nrght.-of 'Ilrqv mdth Slardad - Ihe callfoTla Str"eets and tllg|t-

r,rays Codes speclf! that new rrrads wfll irot be desl-grFd or buLlt wlt! less ttwl

a 4O-fqot dght of way. rltte wldth of plgh! of, way depends on the eloss sectlon

er,gments of the roadnqv, topoer€pW, ge.ologv, ; olher 
:*:t"1 

"*:::- 

^---^
together wlth econcnflc consJ-4eratlons. Generally, the rlgfrt of way shou]'d extend

a m1n1mm .of 10 feet beyond the slope catch polnt in n'ulal areas, or to the back

of the wa:.foray ln rrrban areas. In developed a{q€Is.t lt ray be npr"e fea'slble to

llmlt the .rldrt of way wldth to a practlcal dnrlrnrr ard secure corrstnretlon

easernents.

2-J22.3 Stroulder Slope ,Standard
. T

In a normal crown sectlon, shoulder-s 5 feet or rrcre ln wldth should slope

on a 5,percent grase away ffom the tr:aveled way. o,I h1gh speed roaftvays the

slope should be ldentlcat to the supereleqatlon rate. or lower slope

rates nray be consldered lrhen shoulders are less ttran 5 feet wlde to acconpdate

dralna€B or nralnterunce r"equirenents.

2-322.4 Dfkel$lardarrds.

Dlkes are to be. used to conflne dratnage only wher"e Lt 1s necessarSl to

protect slde slopes susceptlble to enoslon. Dlkes on the hlgh slde'rray be

used for prrotectlng the slope in unstable alrea.s'.

A h1$ dlke 1s apprrcxlnately 0.5 foot hlgh and 1s nade of conpressed

asphalt concr"ete. ol1 fllls, dlkes are desll€d when the slde slopes ar:e

steeper than 4:l- to contrrcl slope eroslon.

2-32?.5 sid@.

slde dltches are cornonlry used on:the hlgh slde of a superelerrated cufve

or whene loeaL o::arnage conotttons requlre.thelr'r:se. 
' For nalntenance puryoses't

the slope f?cm the edgg of the shodber t'6 the:bottom of the dltch should not

be steeper than l:I, nor over l*foot debp at d'slope'st€eper than 6':1'

65



2-322.6 Slde.:51oPP Standads

rld be deslgrred for f\rnctlmal effectlrreneqs ard ease of

ralntenance. A deslrable rnlnilnrm for cut slopes ls 1:1; hovrever, the geologlcal

coryposltlon should be consldered. Extenslve varlatlons fllcn eldstlng slope

rates shorld be alloled only afber geologlcal lnvestlgatlon ard analysls' ELIl

slopes should be I-L/221 or flatter. Elatter s]'opes are deslrab]e ln areas of

lnstablI1ty, on hlgfr speed noadvr4ys, ald for lo'r ftlIs 1n flat country wfiere

excarratlm quantltles ane ln excess. Conslderatlon should be glven to general

malntenance pr^actlces; and in snovrfall ,areas to srgr nemoval and snow storage

problems.

2_322.7
ft5e neces'blty for benches, their wldth a'd vertlcal spaclng shall be

establlshed only afber an adequate rnatertals lnvestlgatlm' Benches sho'rld be

^
et least 20 feet wlde and sloped to form a valley at lea,st'l-foot deep wlth the

rn{mm a.o E faat fin^m f.hc trte ol ). ortsloplrrg should
lo,v polnt a mlnlnnun of 5 feet flocn the toe of tlre upper slope

be consldened wtrere benches a:re needed. ftrey can slnpllf! drarnagp and malnten-

/  .  - .
ance plovlqang eroslon does not becore the contnoulng factor' conslderatlon

I  - -  - - - - - -  . - -

should be glven to utlllzatlon of'technlques to reduce eroslon problens and to

encourage rapld vegetatlon g;uruf, on cut slopes (f .e', semated slopes)'

2-330 cle@.

2-33I Horizontal Clearanrces to Plens. Abutlrpnts and Retalnlng Walls'

Tfie hor{-zontaL clearance to brldgs plers, abutnrents and netalnlng walls

sha1l be determlned r.pon the basls of englneer{.ng Judgrrent wlth the obJectlrre

of ellnd.natlng ftxed obJects fbom near the edg: of shoulder whenerrer econqnl-

callJ feaslble. A hortzontal clearance of 30 feet or rcre'f:tom the edgg of the

Orovured way 1s deslned. Lesser clearances IrEy be used wtrere span Ienglh,

red clearance trnrea"sonable.
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2-332 .

a roa.d with. an AUt of 750 or npre, ard wlth a deslgn speed of 50 rnlLes

per houa, or igreater, a elear rod&slde 'aiea shouLd be: prrcvlded 10 feet or npre

outslde the shoulder; Wtrere the deslgn speed ls less tfian 50 m1les pr hour,

or AUI ls less than 750, a clbar roadslde area should be provlded 10 feet'or

nnr"e flrom the,edge,of 
'the thircugb traffllc lane. (Appllcable to obJects such as

signs, trees, etc.)

2-333 ve@.

dn1run vertlbal clearance w11] be t6 feet at all polnts on the surface

of the roadvray.

2-33U Clearance Starxlards ftaoln SIoPq to Rlght gf Way IJlne

The mlnlnnun clearrance flom the r{-gfit of rvay llne to the catch polnt of a

rnaJor eut or f1I1 slope w111 be . 
ry 

of 10 feet for all types of cross

sectlons. Ttrene qray be exeeptlons such as none clearance for 0ra:nagB or less

O clearanee due to bu1ldlng llnes.

2-340 Intersectlons at Qrade.

Most roadroays lntersect at grade. Ttre lnter"sectlon arrea ls an lntegral part

of eaoh roadway-. . In valTlng degr.ees, four pt'lnclple factors detennlne the charac-

ter of an lntersectlon. Ihese factor.s are trafflc, physlcal, econontc alrd hr-u-nan.

Tbaffle factors to be consldered lnclude: posslble ard practlcal capacltles'

turnl:,rg rmvenents, slze apd operatlng clraracter{.st1cs of vehtcles, contnol of

rpverents at polnts of lnterseetlon, vehlcle speeds, pedestrlan rprrerEnts, trarnlt

operatlons and' accldent e)tper{.ence.

physleal factor"s which contrcl -lntersectlm deslgn ard the app[catlon of

channellzatlon are topogapryr, fupr"overiients and physlcal rrequlrenFnts for hl8fmay

and ctrannellzatlon featu:res ;

Econornlc factors, which ane lnportant and ofben contr"oIllrg, include the

cost of gre lrpnovenent and the econoinlcr effect on abuttln$ br.uslnesses whene'

6 7



lctrapellzatlon r-estrtrcts or prohlblts certaln vehlcular nrcrrenents wlthln the
It

lntersectlonal anea.

Hurnan factors such as drlvlng hablts., ablltty of driver"s to nralce declslons,

effect of sgrprlse, declstorr arrt reactlon tlres, and natnral paths of t|p\t€tnent

must be consldered

2-341 Corner Slgfrt Dlstance SEdards - ltrg mlntnirrn corner slgfrt dls-

tance at lntercectlons w111 be 100 feet for every 10 ml}es of desJgn speed

(30 mlles per hour deslgn speed = 300 feet slgfrt dlstance). The aHgnnent

deslgn should be adJr.r,sted so as to avold an angle of lnter"sectlon of less tlnn

45 Aegf.ees ln rr.u:al aneas and 50 degnees 1n urtan €lre€ul.

2-342 Inter.sectlon Deslgn Pngcedr.u"eS - Interrsectlon deslgn pnocedurest

channellzatlon deslgn standards ard typlcal lntersection deslgrs are located 1n

^Sectlon 7-400 of the State Deslgn trrtanual. Channellzatlon ard lntersectlon

-deslgn shall be coordlnated wlth the lllaffLc Sectlon.

2-350 Ibafflc Interclranges

A trafflc lnterchange 1s a conblnatlon of rarps, gade ranps and gr€de

B-eparaflons at the Junctlm of two roadways for the purpose of rreduclng

or ellrnInatlrg trafflc confllcts. Safety and trafflc capaclty are lncneased by

the pr"ovlslcnr of a trafflLc fnter.cnange. Cbosslng conflicts a.ne etlnlnated by

gade separatlor.r^s. nrnfng confllcts are el-ther eltmlnated or mlrrlmlzed,

dependlng upon the type of lnterctrange deslgn.

ftre selection of an lnter"charge type arul lts deslgn are lnfluenced by nrarry

faetors lncludlng the folIowlng: the speed, volrtrtre, traffllc rpvenent and conr'

postrtlon of trafflc to be senred, the rilrfier of lnterrsectlng legs, the stardarrd.s

and amangement of the loca1 str.eet system lnclrrdlng trafflLc control devlces,

]onoeraprry, 
rigfrt of way contraols, local pJarurlng, prcxlnrlty of adJacent lnten-

changes, coNilnmlty lnpact conqlderatlm and cost.
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, 1rterrclrarrge t5pes ar"e etraraetertzed by the baslc shapes of ranpst
' :

narrely: dlarprd, foop: $|ryctforyfl, oP 91Xat19ng 
of tlrqse t54rcs. 'l'larw lnter-

clrange deslgrrs are conblnatlons of these baslc types. They are classlfted as

(a) Iocal street lntercIpngeS Ard (b) fbgglny-to-fbeenqy lnter"ctranggs (or

e&ressvralr-to-e:pressway ) .

W6er.e trafflc lnterctr4nges are,consldened" ctnnnellzatlon or turn pockets

should be also conslderred as perhaps rnci"e practlcaL or ecorlornlcaL solutlons.
'  ' :

2-351 Deslpr Standards ard hoceduqgs - Procedufes for the determlnatlon

of lnterclanse type, lnter"chranqe deslgn standard.s, tlplcal lllu^stratlve deslgns

and detalled deslgn pnocedunes can be fotrrl ln Sectlon 7-500 of the State Deslgn

Ivbnual.

2-360 Malntenance Cong!@rat!9nE-.

Thnor€hout the l4anr.pl, occaslonal duect ard lrdfiect nefenences ane nade

to roadway nralntenance conslder.atlms. In order to a^sslst the deslgner ln hls

efTorts to deslgn a rrcad or rroadrvay lnprovenent vltrlch w111 be effllclently ard

ecorpntrcally malntal,rable, cordltlms a:re listed, on Table 2'360 ffi1ch $1111

.rrenrlnd htrm of malntenance prcblerm that can result f?on lnproper deslgn atfr'/ot

constmctlon practlces. the-se cordltlons should be rneviewed perlodj-calIy

thnougfiout the deslgn pr"oJect a.s a rrEans of prcrnctlng ana::eness of the lnportance

of roadvlay rnalntenance.
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MNDITTO}E W!{IGI CAI,I NESULT FNCU UNDESINAilEt m,srcil oR m$srRlnrtroN PRAcltcEs

Urafnage stnrctr.mes too large or too snall'
nlght of waY too nanaotr. -^L\
ffi*qrr"te ittouraer rrldth (srlrfaced rcads) ' .
rr.rp-p"r sr.rrrace-type ror traretc rrollme ard base thlclgtess'

Inideiuate rnaterlals (quiallty).
Clnossdraln too flat.
Berms lrrproeerly located.
Utll1t1es lrproperly lnstailed'.
rnadequate stnrlturir sectlon (depth)
Deslgn speed too lrlgfr for swfbce t 4r'
Deep cut, not benctted.
rnd"q*ie head room (orarnagB stnrctures) '
Glrres too slrarP
Inpnoper type of, drop lnlet (DI).
T:radegrnte cnohln.
tfaveiea way too rurrlvw for equlp nt'
Inproper placenent of drop 1nlet (DI)'
Ort slopes too steeP.
Gutters too flat.
No donrdrelns (wher"e rpcessarlr).
Ortlet clrannels lnadequate.
Superelevatlm rate too stee.p or too flat'
Gutters too nanqw ard too steep.
C\rt slopes too flat.
Downdmln too short
C?ossdrelns Placed too shallor.
Gbossdralns Placed too deeP.
Cbossdraln too steeP
Grade too flat (Poor 0rafnage)'
Grade too steep (natertats-loss)'
no.Aroty elerration too lor (orafnage @lem) '
F?equent er.O"-I'h;Fr-i*ty *ffing -hlr ls or'ertlcal cirryes)'

flnaveled waY too wlde.
Berms nade of fuProPer raterlal.
noadway elevatlon too hlgft.
Irrproplr placenent of cunres.
rught of rraY too rvlde.
ftproper }ocation or eonrrcctlon to Coun:ty rcads'
fGoeilrate entrrance to dnop lnlet or culvert'

?0



sEgrIONI 3 - STRUCTIJRAL DESrg{

3-100 C'eneral.

, Stmctural- deslgl of the noadbed 1s concerned wlth the determlnatlon of

paverent and/or underlylng layers for each unlquethe optlnnun corblnatlon of rs ror eaL:Ir uluq

set of rroad condltlons or r"eqrrlneryents. , Ttre optirnun deslgn 1s the ccxnblnatlon

that ls estllnated bo glvq the mrst economlcal sewlce conslstant wlth traff,lc

r.equfueerents (actual or proJected). rrMost economlcal senrlcet' 1s deflned as

the lor.rest cost pen mlIe per year for lnltlal constnrction and maintenance of

a r"oad whlch provides the desired senrlce.

The gpal ln stnrctwal deslgn 1s the selectlon of the rxrst sultable avall-

a manner that the rnost beneftt w1]1able materlals and cqrblnlng them 1n such a manner that th

be derlved florn the lnhereent quaIlbles of each materlal. In establishlng the

depth of each layer, the obJectlve 1s to provlde a mlnjmum thlclmess of overly-

1ng nraterlal that w111" neduce the unlt stress on the next lower layer corrr-dn-

surrate wlth the load car:ryl;l€ capaclty of the matertal wlthln that layer.

All rrcads, unless posted with load IIrnlts, shall be deslgned to carrSr

1ega1 loads. Ttre postlns of certaln Cor.rrtJ roads to loler than 1egaI loads

gey be consldered. In conJr:nctlon wlth the permlt systern, llgIrter sectlons

could be used on resldentla] streets 1f trucks are prohlbited.

The rnaxlrLrm deslgn perlod for stmctr.ral sectlons shall be 20 years. Ttre

deslgnlng of strr.ctural sectlons for less than 20 years ls desirable 1n many

lnstances. Fbr exanple, stnrctur"es to sr:pport tenporary logging actlvltlest

roais 1n hlgtr flood rC-sk areas, anC l1gfitIy traveled noa&uays may be deslgrred

for less tf6n 20 years. Ihe mlninnrm deslgn perlod sha1l be firre yeaJ5.

Ttre deslgn of the nradbed structrrral sectlon ls not an exact sclence. Ttre

narry varlabLes to be corrrel-ated nrake 1t lnposslble to rreduce the total problem

to exact mathematlcs. hesent practlce, soIIF of r^rtrlch 1s dlscus.sed heneln,

?1



stems fbon erplricaf nelationshlps developed ftom test track and other pave-

I retrt experfurpnts as weLl as the observatlon of pavenents unden actual service.

Contlnual research ls under way on thls subject, afld present design net'hods

may be subJect to periodlc mcdiflcatlon. Extersive use of the Countyts labon-

atoryl testlng facllities 1s encor.raged to take advantage of re'cent technological

a.dvanees.

Hutboldt County, along wlth other eountles in the northwestern United

States, .has a particularly acute prrrblem with r.egard to structural- design in

that satlsfactory native rnaterials for optlmum roadway constmctlon are 1n

short supply. The acute dralnage problem ln the Ccunty al-so contributes to the

structural deslgn prbblem. Hlgh volunes of water rrxhlng over or under low

qua-lity bulldl'ng materlals at hlgfr velocltles results ln f?eguent washouts and

maJor darnage. Slnce the cost of lrportlng hlgh quality aggr"egates is hlgh, extra

^ care nmst be taken by the deslgner (wlth help flom the laboratory) to speclf}l
I- the best colrblnatlon of lnported or 1ocal rnaterlals or rnatertal tneatrent pno-

cesses to satisf! structr.ral needs and provide maxlmum econorsr of constructlon

and maintenance;

3-101 Obiective and Scope.

Ttre obJective of this Seetlon 1s to present pollcles, technlcal data and

praetlces for the design of the stnictr-ral- section 9f th9 roadvqay. In struc-

tural design, it is inpnactical to nestri-ct engineering alternatives with too

nrany inffexible standards. Therefore, inforrnation contained herein is to be

lnterpreted nxcre as |tguidelinert in nature. Baslc concepts, factors invofved

1n strlctura_] deslgn, types of structural sections and notes on deslrable

practices ane all included in thls Section.
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3-102 Pollcy.

3-102.I Deslgn Llfe - It 1s the po11cy of Hurboldt County to conslder

the adrrarrtages of deslgn 11fe (20, 15, 10, or 5 year^s), taklng lnto conslder-

atlon the varlables of geologl, fWrctlonal classlflcation crlterla and

malntenance reqr:fu,'enents and capabilltles'

Tto2.2 l4aterlals - It 1s the pollcy of Hurboldt county that all deslgns

for new noads or lnprrovernents to exlstlng roads w111 speclf) materials requfu"e-

rFnts (qr.rallty and qgantlty) based upon a materlals rcport f?om the Courty

taboratory. Any planred deviatlons f)rom these materlal- speclficatlons must.

be apprrcved by the Dlrector of Pr:bllc Works

3-f02.3 Surface Tlpes - It 1s the pollcy of Hr,urboldt County that County

Arterlals (cor:nty classlf)leatlon System) w111 be deslgned to h'irye an Asphalt

Concreete (A.C.) surface. Fbr all other classlflcatlon of roads, the surface

type w111 depend upon trafflc volunes, topograplry, economlc and other conslder-

atlons. seal coat appllcatlons w111 be applied only to structr:ral seetlons

deslgned to sr.pport the deslgned volulres and ecrposltion.

3-110 Ceneral Surface tVPes

Bltunrlrpus mix paverents, penetratlon treated earbh or untreated gravel

ar.rd r-msr:rfaced graded sectlons a::e the three types of traveled way sr:rface

used by the County. Portland Cenrent concrete w1l-1 not be used prilnar11y becatr'se

of a lack of adeqr:ate soll stablllty and lts high 1n1tlaI cost

3-111 Selectlng TlrPe of Sr:rface

The selecti-on of the approprlate su:face ty'pe wlren deslgni4g a new rrradvray

or an inprrcvenent should be ba,sed Lpon conslderatlon of the following factors:,
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(1) Tlrpe, quallty and quantity of, basernent, ard subbase materials,

(2) Extstlng sr:rface (1f an lnplrcvernent),

(3) Roadvuay classification (County System) '

(4) t?afflc voluures,

(5) Cost of constructlon and rnalntenance,

(6) Tlrpe of traffic (automoblles versus ,heavy trucks), &d

Q) Geological conditlons.

Table 3-I1lA shows eonstructlon costs for varlor:s wldths and thiclinesses

of asphalt concrete and double seal cod.t surfaees. Table 3-1118 1s a cost

lndex whlch expresses the relative costs a,s llea,sured againsb a sr.rrface 0.15

foot thlck and 24 feet wide. Table 3-111C expr€sses the rel-atlve

annual costs (ln the form of index values) to build and nraintaln various wldths

of noa.d with differ.ent types of surfacirrg. Relatlve swface rnaintenance costs

^ for different surface types and widths are also enpressed a,q lndex values as

tt
part of Table 3-111C

Declslons regardlng which type of surface to provide should be sr.rpported

by an analysis of the rel-abi-ve costs lnvolved, usirg the above-r"efer"enced Tables
/

and other relevarrt cost data. Tlne basic a,ssunptlons rnade while developlng

lhese costs, mp,st be cfearly understoocl before they are apptied. These assunp-

tions are lncluded as Ftgure 3-111D.

Ttre cost .tables w111 be revlsed perlodlcaIly to r"eflect current costs.
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Tabfe 3-1114

ttill'tBclDT CCnirY

Constructlon CosE Cooparlsons,/mi Ie

t{tdth
.(gg")

10

L2

14

16

18

20

22

24

28

30

32

40

42

$ 6,100

7 r3oo

8 1600

9,80o

11r.100

12,300

13,500

141800

131900

14 r8oo

15 1900

19,800
' 
20,800

$ 9 ,300

1l ,100

12,9oo

14,800

131300

14,7oo

16 1200

17,700

20r7OO

22 r2OO

23 r7O0

30,0oo

30,9oo

$14r5oo

17,600

21,000

23,500

26' .4OO

29 r3oo

32 r2oo

35,200

41r000

43,9oo

46,9oo

58,5oo

611600

$ 24,300

29,2O0

34r100

38r9oo

43,800

. ,48,600

53,500

58 1400

68,244

. 73,000

78,o0o

97,400

102,3oo

$ 48,500

58 1200

68,100

77,800

87,5oo

97 i2O0

106,900

116,600

136,000

1.45,700

155,400

Lg4,20O

2o4,1oo

As
Th

lt Concrete{
cr.rnecs (f  t .

9 . 3
Ilouble

Seal Coat

$ 7,800

9,300

11,400

u,9oo

L4 r25O

15,700

17,150

19,300

22 r':OO

23,550

25 r7OO

31r35O

33,5O0

*Includee Prltre Coat Coetg

(t970-71)
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Tab1e 3-111C

HCff TO USE 1TIE SETTVICE IJSE AI{D

SUnfnCn I'4AI!,IIE{AI{C ffiI SIDE(ES

I. Senrie Life Index - TtE Inrrlpse of Uris irdex is to relate the atrp:rop:iate

costs to onstnrct and maintain variors widths arrl types of noads over

the eryec ga life of the road. For o npl ' if yan wish to ccrpare ttte

lorrg terrn osts of a rcad witlr a 24-faE rodbed ard a 2O-foot wide

asphaft oncrete surface with a road having a 26-faE roadbed w'ittr a 22-

foot seal ooat surfa€, you may use either of troo irds<es. 1'tre first

irdg)< has a base nrrrlcer (1.00) correqpi'rding to the higtrtest surface tYpe

(asphalt corrcrete) ard the widest rcad clepicted in the jndex (32-foot

roadbed - 24-fcxl1- surfaoe). lltre seoord irdex has a base (1'00) hrtdctl

correspords to the lcniest tlpe of surfae (gravel or natirre eartJ1) ard the

narro,est road r:sed for tlre irdex (l2-foot rroadbed - l'0-foot sr:rface)

Using the hi$ t]tpe road as a base, bad, I in oqr exarple (24-foot

roadbed - 20-foot' A.C. slrfae) tra.s an irdex valrre of 0'80' bad 2
/
(26-toot rcadbed - 22-fo| seal coat surface) has an irdex rralrc of 1'50'

Oeeenairy rryon krcnr you wish to erq>:ess ttris relationship, you IIlEty use

either nutber as a base for nelaling the costs of the t\rc roads (i'e' ,

bad I is 53 percent of Rlad 2, or bad 2 is 188 percerrt of ttre crcst of

15ad 1, etc.) or yournay telate bottl to the irdex base road. this rela-

tionship nay be opr.essea a.s follcnrs:

bad 1 will cost appro:<irnately 80 percent of the ost of the index

base road (32-foot noadbed - 24-f@E A.C. surface) orrer t}re eryected

life of the roard arxl bad 2 will ost agprcximately I50 peroent of

the irdex base road. IIE sane Qpe of :relationships firay be eq>ressed

using tlre lcw road tYPe base. Using this irdo< you can rpt :elate

rnainterrane or constnct'iqr costs i-rdependerrtly. 7E



Table 3-llIC

2. Sr:rface lbintenanoe Oost Irdex - Ihe pUr?ose of tkris index is to relate the

approximate osts to rraintain the sr"rrface of various rroad surface tlpes ard

roadbed widths. For er<anp1e, if you wish to ccnpare sr-rrface nraintenanoe

costs for a seal ooat road 20 feet wide versus an aspLralt concrete road 20

feet wide, having traffic volurcs of about 400 vetricles per day, you would

locate tlre irdo< values frcnr ttre appropriate.index (one sho,r's costs for

100 or fster veh:icles per day ard the otlner for 400 vetricles per day).

In tSis case, ttre seal coat irdex valte for 400 rrehicles per day is 2-05

ard the va\-re for a,sptnlt concrete is 1.00. Sris neai'rs that the aS4proximate

av€ragp surface rnaintenanoe costs for tlre seal coat road are 205 percent

(or about dopble) of the osts for tlre aspLralt c6g.reete road.

. ICep in mind that these valrres reflect surfae rnaintenance costs only

ard rpt total mailntenane costs.
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Table 3-1[b

BASIC A.SSUMIIIICNE AND SOTIRCES

OF DATA FOR SER\IICE IJFE ANID

sURFAffiIIAIIVIEI\aNCEc6ToC},IPARATIVEINDEI(ES.

I. Constnrction costs ane frcrn llrrrboldt Cornty's rec€nt contract operience

(r970)

2. 13e nraintenance oost base for t}1e Senrice Life Index was developed fron

the 1969-70 Hunboldt County laaintenance Budget. Costs inctude routine

maintenalce, lpaw rainfall ard srp,^r renrrval project-s and seal coat

prcjects (Ilpst of wtrich involved resealing oristing srrrfaes) ' llhe cost

reIalionships befi€en different surface tlpes and roadbed widths r'vere

based rpon San Mateo @gnty e*perience as taken frOn Highway bsearch

Boart Rrblication 63, "Ecstcnuics of Fsigrr Stardards for Lor"r-Volure Rral

bads.

3. Sr-rrfae malntenane ctrsts for Surfaae l{aintenane Irdex r,vere derirred frcrn

Htrdcoldt oornty oost erperience ard local practioes (i-e. n nrettrod of

''graaing, nurdcer of blade passes per miIe, grading speed, etc.)

4. Felative naintenance costs for different rioadbed widths and surfae tlfpes

(for Sr:rfae llainter,ranoe fndex) were based tqnn San Mateo oorrrty erqnriene

a.s taken f1pgn Highway ResearcJr Board RiclicaLion 63, "Econcffulcs of Design

Standarrits for l-orr-Votture Rrral bads. " :[he cost base itself was taken fmn

Hunboldt Oorrnty eq>eriene (see 3 above) '

5. ndjustnents were nnde to tlre constnrctj-on costs of dor:ble seal goat ad

grarrel roads to ccnpensate for ttre stnrctrrral strength of asphalt concret€'

6. Dpected road life a.ssr.rrpbions for senrice Life lrde>< were:

C,:rariel bads - 10 years (assurning grarrel is added perio*ically) '

Dor:ble SeaI Ooat bads - 15 years (incluctes 4 surfaoe aSplications;
-

tne iniuial ooat plrs a coat errery 4 years) B 0



Table 3-111D

Asdplt Corrcrrete bds - 15 years (assuning an initial surface
-

application p1:s rcr.rtire rnarntenance including'blanket pakfrirg

as negutred).

7. Surfae I'laintenane Oosts inclr.rle:

Grading arxl adding gnrarrcl for gravel roadsr ard

. porttrrle patctring arrl edge patctring fon seal ooat and

asPhalt oncrete rcads.

B1
o



Table 3-111D

A,SSLIMPIIONS tl\IDERtfING TllE DEVEIOPMENI

OF COST COMPARISONS AND TTIEIR I\ITEN]DED USE

(See Tables 3-11IA & B)

Ttre cost data pr.esented here has been developed for the pirrpose of d1s-

playlng the relative constnrction costs of alternative noadway deslgns' They

are not intended for use 1n evaluatlng any partlcular roadway project' fhese

relatlve costs should not be used for prrcject estfuratlng. our lntention was to

concern ourselves with added or rrinerenentaftr costs aS opposed to total- costs'

We have basically viewed costs as being those whlch are nornal-ly assoclated

with nrajor r.econstructi-on such a,s ttstorm darnagert projects as opposed to minor

lnprovenents such as wldening the road by 2 feet for a r"elatively short dlstance;

therefore, a.r\y lncremental cost assulrptlons a:re not expressed as ttdecrea'Sing

lcost rates wlth incr.easlng noadr,vay wicrthsrr but rather a,s ttgeneral volune prlce

v
breaks.rt our assuned rates depend upon the degree of effort and nraterlal

lnvoIved. For exalrple, for excavation costs, rather tkran stating different

qUarrbity rates for noadways above a glven wldth or depth, we have expressed

different rates for heavy, noderate and light excavation' Healy exqavatlon

would be the equivalent to a I5-foot deep. cutl moderate a 10-foot cut and light

constltutes a 3.foot cut or less

Ttris appr.oach, we beu-eve, is npre conslstent with present estinatlng

practice and seems more realistic in terrm of relati:rg to actual projects'

our ,,constnrctedrt cost nndels were colrpared to actual prcJects whlch had slnllar

cireulrstances to ensrrr"e the reasonableness of our fabricated costs or cost

indexes

Ttre underlylng assurption in our logic is that the rxrst costly lrprove-

On*n " wll1 be pronpted by a pressing need (such as a washout) and the actlon

taken wffi be to reconstruct a section of rrrad to a given standared'' B 2



Tab1e 3-111D

we ane not convi.-nced that addlng roadruay wldth beyond sone arlcltrarry

unlt costs.. Total- pnoject volunps appear to

ts to.be rcr"e relevant when considerlng tofU* economles thad do rrradway wldths'

The basls for our cost data and the assunptlons and slnpllfications whleh we

h4ve rnade are listed as follows:

1. costs are based prlnrarlly upon estlmates of cmtractors who have

recently conpleted proJects for Hurboldt courty' Ttrey are colrpila-

tlons of bid results.

2. Costs are e)cpressed on a ttper nd-letr base'

. 3. Costs are approxlrmte and do not lnclude englneering ard Cor:nty overhead'

4.' USer costs are not corsidered; on\t constnrctlon costs'

5. No attenpt was nrade to calculate annual costs or pr"esent or firttrre

rralues of costs. salvagg costs wel€ not consldered'

5. Detalled cost rates and the eost factors lncluded 1n these rates

are Presented as Exhibit 1.

o
B 3



Table 3-111D

HIII.fBCLDT COT'NTT
( 1970-71 )

Constructlon Cost 84!ee

Cost 'Bler ient

Clearlng & Grubbing

ExcavEtlon
(presuroes a thorough
cuE)

, -Drop Inlet

Native llaterlal
(5 ulle haul)

Ilratlragsl*-Ptpg (In-

t;*;" 2 rt. struc-
ture backf i l l )

Unit of
I.iea.sure

Acre-lleavy*
Mediun*
Ltghttt

Gu.Yd-Heavy
(15' deep cut)

lloderate
(10t deep cut)

Lighc
(3t deep cut)

Llneal Foot-l2rr
18rl
24n
30tt
36"
421'
48rl

Each llnit

Coet Factorg
Included -

Labor, EqulPuent and
Contractor I s O,rerhead.

Labor, EclutPoent, and
Contrector I s Overhead.

Labor r Eguipoent t
l{eterlal (In Place -

No uaJor stnrctures)

$2,000.
1rooo,

500.

$ 1.00

L.25

2 .00

$ 10.00
14.00
20.00
26.00
35.00
40.00
47.00

500.00

Classifted Aggregate (I) Cu. Yd.(subbase)
( I I )Cu.  Yd.  (base)

SubJective measures
Drai.nage costs were not rrconstructedrt '
composltes of representatlve proJects.

Je lncluded.

$ 1. 70 Labor ' EtluiPment,
(County Material, Orrerhead.

Rate) (Source to Elte ln'
place)

$ 7,18 Labor ' EquLPtoent,
8.83 Materlal (Source to

elte, ln-Place)

Ttrey were based on
No naJor structures

Cu. Yd.

*
s

Cost
Unl,t

B4



Cost ElPqinnt

Surfaclng - Double
Seal (Includes prlger
at 2 cents per sq. yd)

Aepbslt Conerete

Unit of
l{.rasurj;

Sq.  Yd.

1000 ton or
lese

Over 1000 ton

Tab1e 3-111D

Cost Fgctors TncluCed

I.abor, Equlprent,
Matertal, Contractors
Overhead (In Place)

I"abor, Equlpuent,
l.laterLal, Contractors
Overhead (In place)

1.37

15.00
u1.00

Coet

B 5



Or-rOO Asphal-t Concr€te HaverenE r/eDrgr'

r_ior pdPlprr Factors. The najor factors to be considered 1n developlng an

' :

asphattconcretestructwalcrrosssect lonar€aSfol fows:

3-201.1 Structural Quality of the Basenent soil - Ttris quality 1s measr:red

by means of the stabllorneter and expansion pr-essure tests and is expfessed as

i

the resistance'vafue R' (Reference Test Method No' Calif' 301')

3-20I.2 Tbaffic - The nragnitude and nunrber of all wheel loads estimated for

a predeterrnined period are converted to an equlvalent nr:nrber of 5'000-pound
- 

- - a^- -r-as{- r ss1ble to conpute thelr destruc-
wheel loads or ELrIL for short ' Ttris nrakes 1t po

tive equival-ent which is expressed as a nunprlcal value called kaffic Index

or TI. For conversion f?orn E"lrll to TI, see Table 3-203C' For a mor€ colrpr€-

henslve dlscusslon, see Sectlon 7-600 of the Callfornia Destr-gn l4anual'

3-201.3 Slab Value of Pavenren! and Supportlng Layers - The requllned thick-

ness of a glven layer or layers of roadbed structune varies wlth the respectlve

slab or tenslle strenglh. thls tensile quality is e:cpressed in terms of a

gravel equivalent va1ue.

3-201.4 EconomlC FactorS - A satlsfactory structural section rnay be

acconpllshed with various conrbtnations of materials' In selectlng the most

appropr ia tedesign,econorr ryboth ln in i t ia lcostandf t r turerr ra i r r tenancelsa

prlnre conslderatlon. Relatlve costs of natlve earth and classlfled aggregates

for yarlous roadbed widths and thlcioresses are presented in Tables 3-200A

thror.rgfr 3-200D. Tables A and B are expressed in 1970 dolLar costs and c and

D are cost lndexes.

B6
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Table 3-200D
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T2O2 nvaf '

V lhe rreslstance rralre R 1s a coeftlclent reprresentlng the shearlng neslst-

ance to plast!.c deforrnatlon of a saturated so1l at a glven denrslty. The R

nalue ls reasrtred by the stablloneter test. Alrpst all corpacted so1ls have a

tendency to elpand when subJected to mter. As they expand, and take on water,

solls lose &nslty ard load-suppo:tlng ablUtj', wtrtch ls lrdlcated ln laboratorXt

tests by a lorrenlng of R'value. 'See Section 7-602 of Callfornla Deslgn I'4anual

for f\rrthen d1scusslq1.s.

3-203 Snl@.

I1.aff,Lc data requlred for deslgn lnclrrde traff,lc ccnrnts whlctr nepresent the

pr.esent and estlmated futurg aver?ge datly two-way tnrck trafflc volurBs. Ibucks

a:ne elasslfled acAordLng to the rnxDer of axles, ard bu.ses are consldered to be

^ tnrcks. Ercparrslon fbctors stpuld be determlned for each a:cle cla.sslfteatlon

vfbfii the rflrst appnoprlate avallable trafflc count data.

lyte pul"goe,of obtalnlyg ttris lnforrmtlon 1s to rr:e)<e a nepnesentatlve

estllmte of the equlrralent 5r000-poLnd wheel loads (Sllt) 1n one dlrrectloa of

. / ^
trravel to be e:pected durlng the 20-year perlod fotlorlng constnrctlon or a

speclf,ted pedd other than 20 years

. ^ ! - - t r - -  4 L ^

Table 3-203A glves constants used 1n obtalnlng the arurual nunrber of equlva-

Ient 5r000-por.urd dreel load nepetltlons ln one dlnectlon of trarrel. Fbr other

hlgfiways or speclal condltlors of loadlng, th constants nray be adJusted Lf

a:cle load lnforrmtlm ls lstovm.

g3



TABLE 3_2034

EtlL CONS"IAI\IIE FOR DUAITTIRED CCI'IMERCTAL \EHICLES

Thre constants have been conputed for use wtth norrnal two-way trafflc counts

to glve E[,fL figures for one-way travel. When uslng dlrectional cor-nts, the

constants rnrst be nnrltiplied by two.

The Table below 1s an exanple of the appllcatlon of the above constants in
:

estlrnatlng the EWL. The 20-year EWL ls obtalned by mrltlplylng the average

annual deslgn E!{L by 20, so for the exanple: 20 x 831,950 = L6r639'000 E[llL'

Vehlcle
Tlpe

kesent
Average -
Daily
Tlrucks

In Both
Dlrectlons

Expanslon
Factor to
10 Years

Afber Con-
strlctlon

Exlparded
Average
Dally

Trrrcks
(col. 2 x

Co}.

EWL
Constants

Per Vehlcle Per DaY
Clty Streets and CounlY-Roacis

Tlpe of Vehlcle

2-ax1e

3-a:<le

4-a:cl-e

5-axle

6'axle

truclt

truck

truck

truck

truck

200

690

1070

1700

r050

Average
Annual
E}IL

(Co1. 4 x

2-axle trucks

3-a:r1e trucks

4-axle trucks

5-a,x1e tnrcks

6-axl-e trucks

20

100

30

230

20

1 .70

2 .70

L .55

1 .45

1 .00

35

270

\5

335

20

200

690

r070

1700

7,000

186,3oo

48,150

569,500

Total Average Annrnl Deslgn EliL 83t,950
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The dlstribution of dual-tired connrerci-al vehicles over the traveled

a- way of mu1t1-1ane rrrads in one dir"ecton of travel varies fYom lane to lane.

For two-lane and four-lane higfrways, lOO pereent of the calculated E'IIIL 1s

u,sed to determine the traffic lndex (m) for all lanes. In the above exantple,

a TI of 9.5 is obtalned flr'om Thble 3-203C uslng 100 percent of the calculated

Elrrl of 16.6 m1111on, always readlrg to the nearest 0.5.

TABI,E 3-203C

COIMB,SION 0F E1^lt T0 TRIUEIC IIIDEX

E[^rt l0fr El^lL

i

I

*TT

104

e  t ' a)oz

2,290

7,620

21,Boo

55,600

129,000

277,OOO

55B,ooo

1,060,OoO

I ,940,000

3,400r000

5r75orooo

9r42o,ooo

15,000,000
2 , 5

3 . 0

3 . 5

4 . 0

4 . 5

5 . 0

5 . 5

6 . 0

6 . 5

7 . 0

7 . 5

8 . 0

8 . 5

9 . 0

9 . 5
23,400,000

10 .0
35,600,ooo

1 0 . 5
53,t-00,000 |

1 1 . 0
77 ,9oo,ooo

1 1 . 5
112,000,000

1 2 . 0
159,000,000

1 2 . 5
223,000,000

1 3 . 0
3oB,ooo,0oo

1 3 . 5
420r000,000

1 4 . 0
568,ooo,0oo

1 4 . 5
759,000,000

1 5 . 0
rr000r000r000

1r320r000r000
$ . 5

x Tbafflc rnd.ex ' - 'frif�L' 0'119= o. r \io6)

9 {



Evaluatlon of Slab VaLue of Pavernent, Bases and Subbases.3-204

The deslgn of asphalt concrete stntcturaL sectlons by the nethod described

ln this lvlanual results in a theoretieal tota] thichness expressed in terms of

gravel equlvalent. Thls thiclsress or depth of cover is dependent on the quallty

of the basement so1l (R value) and the estlmated trafflc 1n terms of TI.

Ttre depth of cover over any basenent materlal must satisf! two corditions'

Flrst, 1t rnrst be of sufflcient depth to pnotect the material against dlsplace-

rnent due to the trafflc foads. Second, lt must be of sufflcient weigfrt to

prevent f\.rrther expanslon of the naterlal wlth resultlng loss in stab11lty.

ltre theoretlcal thr-icloess of the fudlvidual layers as determlned by the

design method must be converted to actual thlclmess by nreans of gravel equlvalent

factors whlch are glven 1n Table 3-310.

yZO5 Evaluatlon of Econmrlc Factors 1n Achlevlng trIheoretlcal Ihlc]€:Iess. tf

Varlous comblnatlons of rnaterlals can usually be determlned vlhich w111

satlsf1l the thlcloress requrfu.errents, but one or mcre may be ellmlnated on the

basls of past enperlence or avallab1lity of neterlals. Ihe flnal choice should

,norrnally be based on the rrcst economlcal sectlon consi-derlng estimates of

tnitlal cost con6ined wlth flrtr.r::e malntenance. Ttre Cor.mty cost lrdexes wtrlch

relate the costs of varlous types of stnrctr-rral nraterlals for diffenent

thlclcresses wlLl be used to develop cost conparlsons

3-300 Stnrctural Elenrents of Flexlble Paverent.

3-310 IVpical Deslgns.

Etgur.e 3-310 shows typlcal rrr="g*"nts of the elernents of flexlbLe

pavenent designs. Table 3-?10 glves depths of asphalt concrete paverent and

base lqyers for various base rnaterials related to trafflc lndex. Ihis Thble

1s tO be used as a gulde apd 1s not to be construed as ptraelr€ lfunitatlons on

deslgn or eLlminatlng alternate deslgns f?om conslderatlon. 9 5



Fleqne 3-3J0

S T R U C T U R A L  E L E I ' I E N T S

O F  F L E X I B L E  P A V E | ! 1 E N T S

-1
T
t

I
6

tcdSoil

_ Table 3-310

lypicol Depths of Povcmcnr ond

Q rxrcxress or coven
Urr &dgn larnulo la thiclror d f'clol corr.

Q srouLoen oe$cil
Ercal tor oll- poncd ?-lcrr roodr oad ncdist

ehoolocft oo.l-bn fil 6-|dr divdrd hafhroyt
rhooldcr dc$gn ir boral qt la of EUL hil tol
lel llron o Tl of 5.O
iladion rhooldrn on tl-lonc aad 5-lcil t|ivit|cd

l*ghroys tholl bc.povcd 5'-*h rilt o niforn
tfiiclncrs ol O.2O'

@ sxorlr-pcn alse
urc bosc mot.raol d hietr qoalift $Dboar .

O FLAT FILL sLoPE D€stct{
lJ|c cmbontmcnt tnoleriol h tii3 otL rhca doel

orr llolfcr lion 4'l old rr6nrfocr *oaaooa Fo0-
lam! ott not otlliciDolcd. .

Bsse Reloted to Tl

Depth of layer (feet)

Type of
base

naterial

Clerr A CTB-.........

Clarg B CTB-.-.-....

Claas I 48......-.-..-.
(80 R Valuc)

Clerl 2 48.........-..-
(?8 R Velue)

Note: Tblcen f?om the California State Design Manlral (figrlre and Table 7-603.1)
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3-320 Sr4tface Tlpes.

3-321 Asphalt Concrete Pavement.

Aspnalt concrete trnvenent, 1n depttrs eonrpnsuratd.wlth the antlclpated TI

anQ qualtty of base, nray be used for elther heaw duty or Ught duty pavenents.

3-321.t ThlqkneEq - Asphalt concnete pavernent ordlnarlly ranges ln thlcloress

fbom 0.15 to A,65 foot, the depth to be determlned by the deslgn nethod descrlbed in

thls l4anual. As a safegtnrd agalnst s11ppage, not less than 0.25 foot ordinarlly

should be placed over Class A cerent tr"eated bases. hcneased stabillty and

econor5t f@uently results fldn uslng an asphalt concrete base cour"se when the

requlred paverent thlclcress exceeds 0.40 foot.

. In sorne slttratlons, it nay be npst econqnlcal to speclf} the total planned

thlclmess of asphalt concnete and neke the substltutlon of an asphalt concrete

base course optlonal

T322 Road-l41xed A,sphalt Srrrfaclng

Road-mlxed asphalt sr.rrfaclng 1s u.sed when fac1llt1es to nrarrufacture

asphalt eoncrete pavanent are not eeonqnlcalJy avallable. It 1s tusually

placed 1n depths f:"qn 0.15 to 0.35 foot to add stnrctural stnength for r"oadway

trprrcvenrents. Llquld asphalts are used to develop thls type of sr.rfaclng.

T323 Bltunlnoqql$g4lq.

Bltrrmlnous seals lnclude tylpes such as chlp seaI, fog seal ard slurqy

seal. Itrelr prC.rnarly uses are to provlde a skld-reslstant textr.re to pavernents,

prrcvlde a wearlng surface, recordltlon a dry or weathered surface, pnerrent.

nrclstgre ard alr flqn entertng the pavenent, ard fll}l shrlnkage cracks 1n the

exlstlng pavernent. Ihey also nray be enployed on stage constructlon pnoJects

as a tenporary expedlent

9 7



3421+ Pel1:_tlq!1o4 treatnent,

penetratlon treatnent conslsts of the appllcation of llgfrt liquld asphalt

to rrcadbed mater1a1. It w111 be used by the County princlpally as a prdre coat

a'd shal1 be applled only on hlgh quallty base mater{al. Dust palllatives may

be developed thllough a penetration tr,eatnent; however, they are not to be used

freeJ-y slnce their applicatlon tends to deterC.orate the base materlal rather than

protect lt.

3-325 Graded Natlve.

Natlve earth or gravel sr:rfaces are cormon 1n areas with low trafflc

volurnes. Crushed or natural rlver or bank r"ock nray be used for gravel surfacing.

Surface w111 be maintalned by periodlc bladlng.

3-330 Bases and Sulcbases.

3-331 Untreate<l Baseq.

Untreated aggfegate bases nray be used under asphalt concnete paverents

when speclflcatlon quallty materlal can be produced econcrnlcally. They nray be

used under both l1ght and heal6aduty pavernents.

3-332 Cerrent T?eated Bases

Cernelt tr.eated bases f@uently pr"ov:Lde econonTr in r"educing thlclcress of

sr.rfaclng and total cover due to thelr hlgfr slab stnength and stabillty.

Class A or B cement treated. base nray be elther r"oad-mlxed or plant-mlxed. The

plarrt-mixed tSrpe generally provldes better q'.lallty ard should be specif,Led for

u,se on arterials and major collector"s when surfaced with asphalt concr"ete.

Cernent tr"eated bases nornrally have a mlnlnn-un thlclcress of 0.50 foot.

3-333 Stabiltzed Bases.

AsphaLt or 11nre stablllzed bases nray be used vulrere satlsfactory untneated

O*O"gate base rnaterlal is not avallable and where the cost of other types of

tr"eatnent ls pr"ohlbltlve. Substantlatlon for using such bases nnrst be develop* gg

from preJ-lnlnary tests of ava1Iab1e rnaterlals.



3 _ 3 3 4 . ' @ ' . . : ' , ' ' ' . ' ' ' ' . : . . . , . : .

A rayer or lagrers of subbase strall be used wtrene thg pasernent so1l w111
'  ' i . . ,

not sqpport a stnrcture.l sectLon conSfstfrlg of parrelnent and base alone' or

wrrerc 1t 1s rrcre econcnrlcal to reduce the base thlckness r"equlrerent by the

lntroductlon of a lower pr{.ced srrbbase layer.

lrlhere cohestotrless sand ls used as srrbbase naterlal urder a cerent

base, 1t 1s necessary to preovlde a work{g table layer of aggregate base or

cenent tr.eated base aggraegate. :ThX.s worklng table nomally w111 be fcrn 0.30

to 0.45 foot thlck to pr"ovide for the proper support of the cenent treated base.

3F400 Pesle+ hocedures for nle)dble Pavements.

3F401 General.

As vnas dlsctrssed earller ln SectLqr 3-204, the thlclaress of cover over

a;ry mategLat (1,e. base, subbase, selected tmter4al, or baserpnt soll) nn'r'st

satlsfxl two cordltlons: nbrst, 1t rr.ust be of suflf,lclent welght to pnevent

e:cpqnslon of the materlal beyord the assr.ured rplstune content and denslty on

u61lch the deslgn ls ba,sed. Secord, 1t nnrst be of sufflclent lhlctsleEs to

protect the nater{al qgalnst dlsp}acenent due to the traff,lc loads.

11 the flrst caser,wtrer"e e:cpanslve naterlals are encountered', the deslgn

plocedrrre beccrnes lnvolved rdth determlnatlon of varlous R values for the

e:rparslrre rnaterd-al whlch wlIL varry wlth molstune content and assuured stnrctural

sectlons. For a deScrlRtlon of the nethod, see fiest Method No" Grllf,. 301'

1nre second ca^se ls the rpr"e usual c€lse, ln wtrich R va-Lues of base ard

L i -  ^  L ^

sqbbases are to be speclfled, ild ttre rnlnlnnun R value of the basener$ sol1

can be detegsrlned becarrse rlrder the welgfrt of ary stnrctrrral sectlon based m

trrafflc load, tlre baseirent soll w111 not be e:panslve. In thts case, lt 1s not

necessar5r to assuure a stnrcturrarrseetlon to perform the raboratory calcuJatlors

for R value. Ttrer"efore, rrarlous deslgns can be neadlly determined and the'rmest

tr.eated

econqnlcal sectlon chosen. 9 3



3-l{02 Baslc Data.

.-. Ihe baslc data r"equlred for a flexlble paverent deslgn consists of R rralues

I-- 
f1.dn the Materlals Report, the rrrnnu" of lanes froin'the PrrrJeet Report', and the

Lane TI.
. . ,  '

3-403 Deslgn Dcarple , i

The deslgn pr.ocedur-e ls lllustrated by an exarple wlth baslc data asswed

as follows:

Ir4lnlmum R value of basement soll = 10

Tho lane constnrctlon

Iane TI = 8.0

(1) Determlne the total gravel equiyalent requlred by the forrn:fa:

GE = 0.0032 (TI) (100-R). In thls case, the gravel equlvatent would be 2.30.feet

>n the strruetr-rral deslgn charb, FJ-gunq 3-4034'anA tnts roesult cafr be checked <

lrtersect the sloplng traff,lc lrdex 1lne for 8.0 wlth the vertical ILne repre-

sentlng the R yaLue of 10 and read ttre gravel equlrralent of 2'30 feet fYqn the

hord.zontal l-ine.

(2) Se}ect a base type for the ftrst alternate deslgn' Assume a Class

2 aCgcegate base r,ltrlch * 
1 

speclflLed Rvalue of 78'

(3) Determlne the gravel eqr.rlvalent r"equfued for the asphalt concsete

surfaclng uslng the forrn"rla ln (1) above ard the 78 R value of the ba'se' Ttre

value of 0.56 foot 1s obtalned by the fornUla and can be checked on the chart;.

Etgure 3-rl03A, 1n the sanp marmer as descrlbed above for total gravel equlvalent'

F?ornTab le3=403At rnder theco lu r r rheaded ' [ f7 '5a Id8 '0 'canbefoundthe

gravel equlvalent faetor of 2.0I. Dlvldlng 0.56by 2'01 g|ves an actual thlck-

ness,of 0.28 foot $thLch should be,rqrnded ug to 0.30 foot' In thls sq4e colunn'

'the next hlgfier,value of gravg] gqrrlvale,nJ fof aspl,r2lt concr"ete 1s 0'f0,qnd'tne

actrra],. thlchxess.qf' 0.30 gan be fead horlzonlallyrpo,tlr! teft ln the nActuql

Thicloress of l€yerrt"eolurn. : .. l

1 r i0



(4) Select a class of subbase for thls deslgn. In actuaL practlce, the

materla"trs reporfr would probably deslgnate the rmst econcnfcaf class'of subbase

avallable for the pr.oJect. For the exarple, assurre a class- 2 subbase 'whlch has

: n t
a speclf,led m1nlm,rm R value of 50.

(5) Agal.n uslng the afor-esald fornnrla, the grarrcI equlvalent of the eorblned

surfaclng and base would be L.,28 feet over subbase wlth an R value of 50'

Subtraitlng the gravel 6qulvalent.for the 0.30 foot of asphalt concr"ete, whlch ls

0.60 f?qn the 1.28, .glves a gravel equlvalent of 0.58 foot for the base' Fl.crrt

lue 11sted 1sthe rtAggfegate Basen coLurtrr of Ta,b]e 3-403A, the re:ct hlgfier rra

0.72 and thls value cornesponds to an actual t[lclmess of 0'55 foot whlch shou]'d

be.used.
't ' 

(for Class A cenent tr"eated ba,se, there ls no speclf,led R value' To

dete5.rd-qe an alternate deslgn uslng thls base, lt ls necessalXr to choose art

for the asphalt concnete such as thgse shovrn ln the

basb',del. O,.t CI."".B cenpnt treated ba,se trs,e:pected to'trpve an R rralue of
' / ':r; ' . 

' ' l. ' ' 1
gO ard'So.:1h'eait'UbideslEndd as an aggr€gate base exiiept "that the prrper colurrn

* ;  :  '  : ' . :  I

1n 1bbLe s.{oge nqst be used to. cornrert to actpal thlchress,. ) :... 
't 

;:.

(6) To desfun the thlclmess of subbase for tte exanple, the er-a1e1 egulva-

l"nt" of the a.sphalt conine-te and Cla.ss 2 1gregate ba'se are sr'rbtracted flqn the

total r"equlred gravel equlvalent- determlned. 14 Step (1).

2.30 -  0.60 -  0.72 = 0.98 feet

i Slnce aggreggte subbase has a gra\rel equfiralent factor (Cf) of"1..0r thd 
i

.nesult of the above subtractlon 1s the actual thlcla,tess and 1.00f.oot'rJor11}fl be'

) i

.. '{

.-a". ...

a ,  
;

, ,  l .  :

l u l

used.



Fleure 3-4031

S T R U C T U R A L  D E S I G N  C H A R T

F O R  F L E X I B L E  P A V E 1 4 E N T S

ESATIO{
GE= 0,CI32 ffl) 0mFR)

Tl .Troflic Indtr

tL 
t,gt0

lra&a r rFol.ran

R = VALUE
rvrvn callfornla state Deslgn lvlanual (Ereure 7-604.3)



TABIE 3_403A

CRA\EI EOUTVAI,EiltrIS OF SIRUSIT]RAL I,AWN.S IN FEEI
:..- +
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I lhe.gcrpleted deslgn 1s.0.30 fooi of a.sphalt 9o-ncrrete oYq 0.65 foot of

r'- 
Cl-ass Z agrcgate base over I.00 foot of Class 2 sqbbase

, An a$errnte dgslg,r' for the assl.lnd baslc- $ata coyld bq as fo11,9.uns:
' '. .;.;

: { , r i  ,  t : i d

: 'r Actual
Ttrlckness
(In Peet) t'4aterlal tn laver

' Grave1
F4ulvalent

(In Feet)

"  "  'Q ' l o

: ,0.15 : class lrAtr Cetent lbeated.pape .r . , l . ' , '  ' ' , ' , . 0'77
, ' ' ' ' |
t L - - . 1 . Q 5 -  C l a s s 2 S u b b a s e  | .  |  '  '  o ' i  ' . ' i  ' ' J  '  '  ' 1 . . '  I ' Q 5 '

L.75
r:"

2 .32

L t  ^ ^ 1

of safetfi. It ls rpcessary to add thlckness to the theoretlcal desl.gns to '.,,

t

pnovtde thls safety factoq ?nC lt ls accotpltr'shed by prcvldilTg an lncrtrase ln

requlred gravel equlval.ent for elther the surface or the base nater1al. .It'

deslgns usling Class ilAr cerBnt tneated basQr the lncreased ttrlclmess should be

applled to the base Layer. In untreated ryElegate base ard Class I'Brr cement

treated base deslgrs, ttrF tbctor of safety should be prorrlded by lncneased

thlclress of ttF asphalt surfacl4g. Lhe lncneased thlclocess of srrrfaclng or

bgge wlll result 1n a decrease 1n the ffrlclooess of subbase becarr.se the safety

factor 1s not applled to tte orrern-a}I gravel equlnalent requlrenent' T:e

gravel equlyalent lncreases to be added for safety are as follows:

Gravel Equlvalent
Increase

Base 15reg- (rbet) Iaver Applled To--

* Class ndt Cernent lbeated Base 0.2J1 . , . . . Cenpnt Tbeated Base

class nBrr cenEnt lbeated Ba.se 0.18 . . . . . . Asphalt concrete

t Aggnegate Base 0.16. . . . . . AsPhaLtConcrete

r When no hlgh subgrade 1s al}orrrcd, tb_grarrel equlvalent lncr"ease ls 1{i4
0.10 foot for Class nAtt cenent treated base'



Fror lLglrt tmffLc am/or nrcderate speqds, the safety factor should be
t

I omLEEeq.-
. " , f i  . ,  :

Ttre alternate deslgrrq:on the pnevlous page, corrected by the safety

factors arrt thlclress selegted to the rearest 0.05 footr ffxrld be as follorrn:

Actual G1av9l,,
rlrlctsess ry9T+"Tt
(In Feet) Ftater{.a1 1n Iayer (Jn $qPE, ,

0.35 A.sphalt.Corrcnqte. . . . . i  ,?.'t o ' '  '  : '  9'70

0 . 6 5  c l a s s  2 A g g r e g a t e B a s e  r  .  .  .  . ' ' ' '  r '  o ' 7 2

- ' 0 . 9 q -  C l a s s 2 $ r b b a s e  . . . . . . . . . . "  0 ' 9 0

1.90 2.32

0.25  Aspha l tCd lc rg te .  .  .  .  .  .  .  . .  .  .  .  0 '50

0 . 5 0  c l € s s n A n C e n r t r r t l n e a t e d B a s e  .  e  . . . . .  1 ' 0 2

0 . 8 0  -  C l a s s 2 $ r b b a s e  . . . . .  - . . . . .  "  '  0 t 8 0

1.65 2.32

Oosts of these and other posslble &slgrrs would be estfuated ard eqn-

par€d so that tte best posslbLe ctroi.ce could be tnade conslder!€

ecgtotd.cs ard sultabll:Lty to the proJect area'

l*rere the basenent soll tras an R va}re of 40 or nnre, the subbase J.4yer

nay be od,tted. In ca.ses whene the sr.rbbase Jayer nor;ld be th1n, conslderatlon

shorld be glven to lncneaslng the &pth of base ard qnlttl-ng the stbbase.

A stnrctural sectlon cqrslstlng of a,s$r,alt concrrete placed dlrectly on

the basennnt so1l wlthout base or subbase ls pernrlsslble 1f 1t can be shown

that lt nould be cheaper ttran alterrratlrre deslgns. These fuIl depth asphalt

concnete sectlons al.so nay be Jr.rstlfted on wldenlng prcJects on the basls of

safety or less lnterfenerrce wlth tnafflc dud.ng constnrctlon.

l u b
o



For h1g!r volune ard heavy toad pnoJects' a safety factor of 0.12 foot

t should be added ln fUtI depth deslgns'
gravel equlvalen .,r, ., i . ,,: :

teformulaplus:addedthlc lanessforasafety
ilpical deslgps ba^sed on tt- 

,, ., i 1,, . ;: ;

f a c t o r a r e s h o w n l n t h e l b b ] ' e a t t h e b o t t o m o f E l g u r n e 3 - 3 1 0 . F b r o t h e r t y p e s
: other tfnrl 50' the deslgns

o r c ' 1 a s s e i o r b a s e s , o r s u b b a s e s w 1 t h a n R v a 1 u e o t h e r p I E n 2 U , � �

should be'determlrred by the fornnla as ln the ex$|tple' r-'

Flgur^e 3-4038 ls a TI calculatlon form rr'sed by the county' R values and

gravel equlvalent values are also placed on thls form whlch beconps part of

the deslgn docunentatlon.

!
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| 
,3-404 TVplcal .::999999999999999�i***************�lIIIIIIIIIIIIIII�+ctLmal Sectlon. ' :

RLgure j-qOq sfrqrs a typlcal stnrctural deslgn for an aif-paveO Categorry

5 noad. ItF trlangular urderdraln lq Po be r,used w{r-ene ph"rt is the ]lke}lhood

of strnface waters pencolatlng wder ttre paverent. lrlhene subsurface waters are
. I

encountened, the standard gnderdraln shonrn on thers$ate,standarrC constructlon

plans should be used.

Note: Sore dfuenslons nay varlr.

FrGLlnE 3-404
I
I
I

*-rrrrl

l
1 { r B



SECIIOI\I 4 - DRATNAGE

4-100 Gerpral.

: nf.ran thp slnr.l ) factor to corsldef lnna:nage ls ofben trn slngle nost ilrportanb factor to cons:

deslgnlng roadttays or rrradway inprovenrents in llunboldt CounLy' lfuch of the

deterloratlon of roads ls attrlbutable to tkre hlgh volunes of water whlch

pa.ss througfr the County, creatlrg both surface ard subsurface dralnage cqr-

,lltlcms whlch rrust be conbended wlth by deslgn ard mintenance persorrrel atlke.

Dralnage deslgn seeks to prevent the accuunrlatlon ard retentlon of sater

on, wtthln, or along the r"oadrtray and psovlde for the passage of strean flqrl

urder ttre ncadwaY bY:

(I) nntrclpatlng the alrpr,urt ard Ilequency of storm ntnoff;

(2) DetermlnLr€ natuna-l potnts of corcentrratlon ard dlsclume

ard other trYdraullc contnols;

(3) Renovtng det{rcntaI anrcunts of subsurface water; and

(4) Provldlng ttre npst eff:lclent dlsposa] facllltles cqF

slstent wlth cost, th lnportance of the road' rralntenarrce

econorl[f r ard legal' obllgatlms

Flrrthernpne, storm drelns and culverts are deslgned to pnovtde fon t'tre

contlnuous ard glrpoth flow of dralnage chrar,rrels and stneans such that veloclty

and enerSl llne remaln close to that of the rrattrral stl€am or channelt thtts

preventlng excesslve slltlng or scour of both the culved ard the lntet ard

outlet. Plpe entrrances should pr"ovlde for a snpoth transltlon florr' }laten

flo,, shouLd never be turned rapldly at strarp angtes and pnovlslon should be

made at atl changps ln dlnectlon of flow for superelevatlon of surfhcet scour'

head }oss, slltlrrg actlon ard posslble overflow. Pnotectlon should be pno-

vlded for entrance head, debrlp pass?gq and posslble bloclcagg, entrance seourt

1 u I



or dannge ln plpe, chemleal actlon on plpes, outlet enrslon or back water,

and dorryr.str"eam ctrannef

I u-rol olcJectlves and scope.

The obJectlve of thls Sectlon ls to present policy and general guldellnes

for deslghlng drafnage systems. Sone deslred englneering practlces ard

speclflc standards are ipcl-udet1; however, rnost of the detalled prrccedures,

cr.rJver,t s,pec1f1cat1ons, etc., wfiich are needed for deslgn are to be found 1n

refenence dccurents llsted ln Sectlon 4-107

. Al"so lncluded ln tlrls Sectlon are nrles of dralnagp law, deslgn dlscharge

guides and storm drain desfSr practlces

4-102 Pollv

4-l-02.1. Coordlnatlon wlth Genefal Plan - It 1s the pollcy of Hunboldt

County that all r"oa$vqy deslgn proJect dralnage plans must be conpatlble wlth

requLrements'of the Countyrs long- angu drainage progran and -r,he adopted Master

Dralnage Plans for the area.s of Hturboldt County.

4-102.2. Scope of .Dralf|age - It 1s the poli-cy of Hwboldt County that tun-

nrov;nerrts,^,1n the dralnage of g"neas outslde the rrlgfrt of way shatl only be eon-

slderred 1f economlc benefilt wou]-d accrue to the County. Flrthennor€r agreenrents

rc,qrllng property ohrner€r ord developersr r"espons1bll1t1es to pay for the drAlnage

It*," on systers mrst be establlshed by,agraeenents authonlzed by the Board of

Supenrlsors.

4-102.3 Eroslon @ - It 1s the polley of ttrr'uso1dt County

that eroslon or water pollutlon pertalnlng to or nesultlng flcrn the constr:uc-

tlon of hlgfiways or r"oadways 1,9 to be held to a practlcal rnlnlrrum and sha}l

be terporarll ln nature.

4-102.4 Dralnage lay - It ls the pollcy of Hunboldt county that ffte

I r"ecognlzed nrles of dralnagg law be f\r11y applled ln the deslgn of dralnagB
- l

systems.
1 r 0



. 4-103 Design ResPo4siblllty and Authority.

Californla law unequivocally grants authorlty to highway agencles to

, 
acqulre, design, constrlct, and maintaln drainage facillties as incident

to the authority for the highway itself.

Itre deslgn engineer is rresponsible for the hydraulic adequacy of all

dralnage structures and for structural adequacy. He w111 also review m4jor

repalr or replacernent proJects

: Drainage dutles of the deslgner include:

- keparation of the drainagg plan for each irpnovement

or the revlew of such a plan when pr"epared by others;

- Study of lrportant culvert sltes and other drairnge

prtcblens lncluding cooperative projects, startlng in

the planrrlng phases 1f feasible and thncugh all stages

of deslgn;

- Accumulatlon and analysis of hydrologic and hydraullc

data for exlstlng and pnoposed drainage stnrctures,

aLso the locatlon ard interpretatlon of hlgfr water nrarks;

- Deslgn of all culverts or the r"evlew of culvert designs

nrade by others;

- Revlew of dralnage changes proposed dtrlng constmction;

- l4aking of jnvestigatlons and r"econnrendatlons on drainage

prrcblems arisl4g from the rnaintenance of existirg Cowtty

highways;

- Coordina'blon of deslgn actlvities to insure confonunce

wlth estabLlshed d:r'afnage and flood protectlon policies;

- Representlng the Cor.,rnty at rneetings with other inter.ested

parti-es concernlng drainage or flood protection pnoblens; and

- Inspection of exlstlng dralnage stnrctwes durlng storrns..

l t l



4-fo4 Rules of Dralnqre_Iaw.

O 
There are four basic and relia.bl-e'nrles of dralnage law whlch should be

contlnually reviewed bg the designer.

(1) An upper ov,rner has a rlgfrt to have surface water flow off hls

land and a lower oulner cannot obstruct the f1ow.

(2) An upper owner nray not dlvert surface waters on his ]and to

the land of a lower ov,ner by artlficial nreans nor may he

accel-erate the flow by neans of dltches or lncrease the drain-

age of hls own larxl to the i-nJury of the lower owtler.

(3) One nray not obstnrct or divert the flow of a natural watercourse.

(4) One has a rlght to protect hirnself agalnst ffood waters.

4-105 Factor"s to Conslder In Dralnage DeslFn.

The ngnber of factors whleh rnrst be consldered vuhen designing a drainage

system are nrrrerousi. Dralnage system needs nray be met wlth varlous cqrbina-

tlons of dralnage stnrctur"es ard open channel designs.

Flgure 4-105 1s a rrcheck llsttt of dratnage system deslgn consideratlons

utri.ch the deslgn englneer should use as a gUlde. It w111 senre to nemlnd hlm

of the factons whlch nray be -appllcable for arry glven arafnage design pnoject.

4-fO6 Econorrlcs of Dral-nage Deslq!

Econonrlc analyses of dralnagg deslgns, where r"equired, should cohslder

the fol1ow1ng factors:

(1) Ttre cost of construction ard rlgfit of way;

(2) Usef\rl llfe and cost of replacerent or exfenslon;

(3) Errects of the lnproverent on pnoperty, partlcularly as to

County llability; and

(4) Repalr, cleanup, trafflc contrrrl and other pertlnent rnain-

tenance charges.

1 1 2
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4-107 Referelces.

- The folloruing list of publtcations should be referred to for specifie
!r

dralnage deslgn problems. Drainage theoryr. practlee and standards may be

found w1th1n these reference docunrents:

Reference Publlsher

(1) Alumtnum Culvert Kaiser Aluminum

(2) Bank and Shore Pr*otectlon
(In Catifornia Higfrway Practlce) California Division of Highways

(3) Callfornla Culvert t?actlce Call-fornia Division of Higlrways

(4) Cali-fornia Hlghway Deslgn Manual California Division of Highways

(5) Capacity Gtrarts for the Hydraulic
Oeiign bf nighway Culverts (nyOrau- Bureau of Rrblic Roads

1lc frrglne""ing bircular Uo. iO) (tr'ederal ttigfrway Adrninistration)

(6) goncrete Culverts and Condults Portland Cenent Association

(7) Culvert Deslgn Alds: An Appllcation
of U. S. Bureau of Public Roads

, Culvert Cipacity Charts Portland Cement Association

(B) Debrls Contncl Structrxes Bureau of hrblic Roads

(9) Desi-gn ctrarts fon operrcLrannel Flow Bpneau of R:blic Roads

/ (10) Deslgn of Roadslde Drainage Chrannel-s Buueau of Public Roads

(11) F"lctlon Factors for Iarge Condults
Flowlng tr\:11 Br.reau of Reelamatlon

(12) Handbook of llydraulics (Klngs & Brader) McGraw Hill

(13) gandbook of Drainage and Armco Drainage and Metal- Prrrducts
Constnrctlon koducts

(14) WdrzuIlc Deslgn of St111ing Baslns
a,'O n:ergy DlsSlpators Bureau of Reclanatlon

(15) Hydraulic Ererry Dlssipators McGraw Hill Book corpany

(16) ffyOraufics of Brldge Waterways Bureau of fubllc Roads

(f7) Street and Hlg[way Drainage The Institute of 1]"ansportati-on
volwnes I and II and Tl'affic Engineering

UniversitY of Californla
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4-200 Rrnoff Estlrntes.

4-201 General

Ttre runoff estlnate, or desi-gn discharge, deperds upon many variables.

Some of the npre lnportant ar€: duration and lntensity of rainfall; storm

fYequency; the slze, lnpervlousness, slope and shape of the drainage area;

pnobable changes ln land use. Judgement and care are essential- 1n maklng

grnoff estlmates. Such estlrates may vary eonsi-derably because pnesent

methods of estlnrating are lnexact and the watersheds encountered j-n roadway

practlce usually are snrall baslns, less than 20 square mlles in area, for

whlch rrel1ab1e data ftequently are lacking

U-202 Cfprt Solutlons.

Ftgure 4-202A glves a graphlcal solution of the rational nethod for cul--

verts. Ihls figure lncludes a nap of the State which shows the average raln-

fa1l lntenslty to be expected for given reglons during a 60-minute perj-od once

in 100 years

Whenever posslble, nrore localized Cor:nty maps should be used. lnfortnatlon

may also be availab.le fbom the U. S. Forest Serwice, the Weather Br:reau and

the Dlstrtct Offlce of the State Dlvlsion of Higfiways. l4any loca1 areas do not

have the intensltles indl-cated by I'igure 4-202A-

Ihls nomograph does not apply to urban ar€as; it applies only to natural

condltlons and is usef\rl- wherae reliable rain-lntenslty and runoff data are

gnavallable. In large watersheds, this nonograph should be used with cautlon.

It Is not a sr.rbstltute for caref\rf ana1. ysis based on the latest Wdrologlc

data whlch must be contlnually accunnrlated.

Ihe above-nentloned figur.e applies to a pearshaped drailage basln- If

the basln 1s of different shape, the tlme of concentratlon changes; then the

correct rlnoff is obtained by entering the chart wlth a conputed tlne of

I l 5



concentratlon. Flgure 4-202F� ls a form used to cal-culate drainage design

requlrements for basins under 10 square miles. Various runoff factors

applicable to the Cowrty are given on this figure'

4-203 Time of Concentration.

, Flor stonn drains, the tjme of concentration cunsists of tlre irllet tirne

and the tinre of flow in the drajn; for culverts, the tirne of concentration a-nd

the 1nlet time are the same. In a sLorm drain problem, ieigule \-202A considers

the lnlet t!re, but not the tjrne of concentration.

4-204 FieLd Inspections.

The::e j-s .no substltute for a fleld review. Although aerial phol;ogr-'aphs

and topographic maps ale good meclla for the study of a drainage area, fiel-d

i-nspections are necessarX/ to verlf! design assumptions. A field recornaissance

should be made before lnstalling new cul-verts. Wren existing culverts are to

be replaced with a slze different than existing, a fleld revj-ew should be con-

ducted to review location and size.

1 1 0



Figure U-2021\

1 r ?

of rolrrrhed obovc polnt 9f coolg

ctronnet-trom nott rcmole goinl
lo poinl of concanlrofaon.

lcvol ion in fcl l  of

E
,

a

s
e.l'

a
. i.D
.jr

a

a
a

a
j .

'$

l,$,H
t r Q q

J  E :  D  N

i1 i i l3'N.
i  ; i i : iv
i  d i l i i

i i ; i i i
i  ; iEi :
:  ; r 3 5 !
. l  i ' 1 = € 3
;  3 :  I t *
!  i ? 3 ; :

i  i ; i : i
I sii ie
3  i - ; s
; - l i
=  o : t

t { ;
a

3 l

f lood concrnlrolion

I
,

Houn *

Inlcn3itt  of DrcciDifol ion - loch.3 pat boui

l'.-- . E

u  e  s  ?  E T ' . -  B  ?
. , i ' , . . ' 1 . . . . , . . ' . , . 1 ' , ' , 1 ,  .  .  l r . ' r l . ' . - .  . ' . ' ' 1 " " 1

Do: ign d i rchorgc an sccood-t rc l

::r.:j . ::: .i.jj; :.:i: , :il

:':i:

? I ITF iF?Fq
t t t 3 8 8 d t 3 3

ii'iiiiiii
c  i t
3  i :
3 : = o -

; i 3
:  i E
i g 6
e i s

i i i
: t

EI
D
rc
mu,

D E S I G N  D I S C l | A R G E  F O R  S I V I A L L  B A S I N S



l*ffii#

Proj ecr _.._---._
w . 0 .  { i - - - -  

-  
s h t : - , - o f

Calc 
- 

Date Chlid-.--Date
Stati.oi-r

Figure 4-ZA.2B

Acres or -  Sq. l ' l i les

lail^as

c0tlT{TY
Departu:ent

Ht}'ijl0LDT
prrbLic trtoiits

o!'
6 f

Area;
:. '.

Len-gtir of Basi-;r: __

Highest point  in Basln:

Lorfest' point: in Ba.sin:

Elevatiorr, above pcint-"of
concentration

Perceirt of runoff:
( S e e  B e l o w )

NSE ITGETATIOI{

a - b = H =
':: ' feet

RU.}IOFF TAC.IORs
=-----;er_
Less 2L Greater Rtrnoff Factcr

to ihan X "/" of

Elevation

Elevation

f =

f , =

a =

S =

Feet

Feet

Fect

or

l ( =

, n

DERATE .\TBGE'IATION
:
wns , Brtlsh,
chards ,,, 'elc.

ra% n"/" !sg-el^*@.-

20
25

smar-r" Basins) 
fib

Soi l
T

than
27"

30
35

10
15

60
7A

4s
55

Gi{T VEGETAT].OII
s tu re  land,
rms

PERVIOUS
vernents,  Wa1ks,
of Tops, Roclcy
o p e s ,  e t c .

TOTAL = 1007.

r"Or;
Lve for Q by
values found

use of  t t ie chart  (Design Discharge
for  H,  L ,  A ,  and x .

for

ods -& Drush,a -=--- * s t
* c

* s L
* c

* s L
* c

90 90 9s

c f s .



4-300 Cul-vert Desisr

4-301 Crlteria for Balanced Desigr.

The culvert faclllty shall be deslgned to dlscharge:

- A l0-year lntensity storm without static head at

entrance; and

A100-year ln tens i tystormut i l lz lngtheaval lab le

head at entrance.

Ttre second conditlon above nray not be r"equlred for certaj-n pr"oJects, but

lt should be cal-culated if any possiblllty of prrrperty danage could result.

Ttre flrst conditlon should be met in all cases exeept tenporarry installabions.

The ayallabl-e head may be l1mlted by the f111 heigfrt or the effects of

pording on upstrearn property. Addltiorral e:cplanation of these prlnciples and

detalled prrrcedures for thelr app1lcatlon are gi-ven in the varj-ous references

Iisted in Section 4-t07.

4-3OZ Use of AvallqDle tlge4.

It is not always economlcal or practlcal to utilize all the avallable

head. Itrls applles, ln particular, to sltuatiorswhere debri-s and detrltus

must pass through the culvert and where a headwater pool carrtot be tolerated, or

utrere the natural gradlent is steep and higfr outlet velocities a^r€ objectlonable.

(1) Debris g4d !g!ri!!q. There are two solutions to this problem:

(a) Retain sollds upstream fYtm the entrance' or

(b) Pass them thncug! the culvert.

If drlft and detrltus are retained upstream, a rlser or chlrney wlth.a

debrls eage rnay be added as a verblcal extenslon to the culvert, thus lncreaslng

the head; however, thls head should not be allowed to develop excessive veloci-

ties or cause pr€ssures which mfght induce leakage in the culvert. If drifb

and detrltus are passed througfr the culvert, the available head rnrst be used

1 r 3



to nnlntaln or accelerate the veloclty of the flow apprrrachlng the culver"t

lnstead of creatlng a pond at entrance, thereby invltlng a blocked culvert.

(2) Steep Gradlents. I\r1l use of the available head may develop exces-

sive veloclty resultlng ln abraslon of the culvert ltself or ln downstream

scour. A larger culvert operating wlth less velocity ftequently ls more econ-

omleal than an energ/ dissiPator.

4-303 Ctrart Solutlons to Cufvert Capaeltles

Detalled analyses for small culverts (1ess than 15 square feet in cross

sectlon) seldorn shoul-d be necessary; charts usually wlll sufflce. Cfiart solu-

bions for large culverts should be checked by other nethods.

Except for subnergence, the charts descrlbed below dlsregard condltlons

at lnLet and outlet, as well as ln the apprrcach channel.

(l) eleures 4-3031-g glve the capacity of dlffer"ent slzes and types of

culverts under varlous heads.

u (2) Flgpr"e 4-303C shows the r"elatlonshlp between capacity at the neutral

slope (or the slope whlch w111 Just care1y a 100-year flood wlth a ftrll water*

way) ard rrarlour.s slzes and types of culverts. Thls chart nay be used for a

flrst approxlrnatlon.

(3) Iqiggre 4-303D glves the nlnlnnrm culvert entrance for a 16-ye?P flood

dlrdctly for clrcular plpes ard lrrdlreetly for other shapes by uslng an

equivalent rectangUlar cross sectlon. Capaclty ln thls case deperds on the

slze of opening and shape of entrance.

See references llsted 1n Sectlon 4-107 for other charb solutlons.
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Figure 4-303D
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4-304 Entrance Deslgn.

the design of culvert entrances nmst consi-der hydraulics, debris 'and

detritus, the effects on trafflc, pnrperty, econornics aesthetlcs, and

naintenance.

(1) Hydraulie Consideratiolrs. Ttre types of flow generally encountered in

cutrvert deslgn are: (a) ftow with entrance control, the condltion that is

most conrnon, which occurs with a free outlet; and (b) ffow with outlet control

which occurs, for exanple, wlth a subnrerged outlet. Under entrance control,

the key factor governing the capacity of a culvert is the size of the entrartce

opening and frictlon loss 1n the barrel does not govern. Devices such as a

rounded or beveled 1ip or an expanded entrance increase capacity. On this

basls, capaclty is affeeted by the velocity head and the entrance l-oss. It

follows that the slze and shape of entrance w111 control the level- of ponding

at entrance, help maintaln the velocity of apprnach, and in special cases,

such as a lorrg culvert, lower costs by permitting a snraller size to be used.

The deslgn charts in Flgirres 4-303A-B account for entrance losses for

varlours heads based on the entrance types stated therein. For entrances not

covered by these charts, dlfferent methods or other charts nny be used.

Entrance loss coefflclents f6r all types of entrance ar€ available in BPR

hydraullc engineering circulars.

(2) Entrance Inprrcvenrents. Except for transitions, the enbrances dis-

cussed below are the types most f?equently used and can be provided at

reasonabl-e cost.

(a) RounOed Llp Ertrance,

(b) Enpanded Entrances,

(c) Tbansltions, ffid

(d) E:trance Rlsers.

1 ? 5



4-305 outlet Design

Inprrrved culvert outlets are designed to restore natwal flow conditions

dor,vrstrearn. Outl-ets shoul-d be careful-)-y scrutlnized for conditlons which pro-

duce scour. Whepe progressive erosi-on 1s to be expected, corrective ilEasures

such as bank prrr|ecti-on, wlrigytralls, or transitions may be corsidered. Wlien

dealing with eroslve velocities at outlet, the effects on dcnvnstream property

should also be evaluated

4-306 Choice of TVpe and Cross Seetlon.

The cholce of culvert type and crrrss sectlon is based on the followlng

factors:

(1) Physical and StructLlral Factor€. Of the marry physlcal and structural-

conslderatlons, some of the most lnportant are:

(a) D:rabllltY,

(b) Headroorn,

(c) Earth Ioads,

(d) Beddlng condltions,

(e) Culvert rlgiditY,

(f) T-rPact.

(2) Wdrauljc Factors. llydraullc conslderations lnvolve:

(a) Oesign dlscharge'

(b) Shape, slope and crrcss sectlonal area of channel,

(c) VelocitY of aPProacho

(d) Total ava1lab1e head,

(e) Bedload,

(f) fnfet and outlet condltions,

(g) Slope of culvert,

(h) Snoothness of condult, and

(i) t-eneth of culvert.
1 2 G



A corparlson of altenratlve culverts of dlssjmllar type, but of

equlvalent Wdraullc capaclty nny be obtalrfed by consultlng the rrarlous

r"eferences llsted 1n Section 4-107.

(3) lrlalntenance .41@. These lnclude:

(a) Iocal exPerlence,

(b) Accesslbl}ltY of slte,

(c) Constmctlon condltlons.

(4) Economy. Conparatlve costs should be welghed on a long-term basls

conslderlng the factors given under Index No. 4-105. Econornlc conparlsons

should conslder the overall cost of installatlon lncludlng 1nlet and outlet

tr"eatnent and maintenance costs

(5) Setectlon of TVPe.

(a) Setectlon of a Speclflc TVpe - In the cases l1sted belo,'r' the

' 
selectlon of the approprlate culrrert type shal1 be supported by

a conplete ar,alysls based on the for"egolng factors. All pen-

tlnent docunentatlon shall be placed on f[le'

(b) Use of Alternatlve flpes - The plaps and speclflcatlons shqrld

pr"ovlde for alternatlves on the ba.sls of optlonal selectlon by

the contmctor-. The requlrred t5pes of plpe are nelnforced corp

crete, asbestos cement, &d cornrgated netal (stee1). Ary of

these rnater{-als nray be used 1f they neet q* crlterla for

the requlned servlce l1fe.

(c) Serrrlce Llfe arrd Speclal Reqglranents - The senrlce llfe of

retal culverts shall be determlned flron the pH and rreslstlvlty

tests cover"ed 1rr $est ltGthod No. Callf. 643 ard fl^dll gUldes

conta!.red ln the refer"ences l1sted ln Sectlon 4-107.

L27



4-307 P*rovisions Agq.inst Culvert Deterioration.

Ali t}'pc.q of cu.l-verts ar€ subjqct to deteri-oration f?om corrosion or

Abrasi on.

(i) l4etal Culverts. The following r€asur€s are conxnonly used .t,o prolong

scl 'v i t - - t , r  I i  f t ' :

(a) in,.l.l rletal culverts shall be 6alvanized.

(b) Aspiralt Dipping - Asphalt dipping conrbinecl with galvanizing nay

' rnetiit consideratlon ln these situatlons:

- lrlhere water is stagnanL or where dense vegetation or leaves
t .  ,  l .' are lilcely to pnrduce orgarrlc acids;

hilrere lack of faIl or an obstnrction would result ln deposl-

tlon, contlnuous wetness or both;

- In locatlons of continuous flow;

In well dralned and norrnally dry alkali soils

' ' 
Under'the foll-owlng condltiorrs asphalt di.pplrg of gal'v-arrlzed

ptpe usually does not give sufficient prrctection:
'  

.  i ,  . ,  ,  u  l , : :  ' i  , : .' ' 'jr t ';'': ': I^lher€'excesslvejvelocltles are comblned wlth abra,sives 1n the

'r' 
flow' 

'

' ':'- 
Whefe the culvert'is subject to salt air or salt water;

- ft hlghly minera'Ilzed solIs, peat soils, .also i-n alkali-ne
'I 

soils that are poorly drained and fYequently moist;

- Where barnyard nrnoff exj-sts in the flow.

These condltlons warrant conslderatj-on of other types of

culVert pipe, extra metal thlclmess or other means of protection.

(c) tnvert Faving:- Invert pavlng ls frequently used for culverts

exposed to excesslvei'wear fuom abrasives in the flow or where

used as a stockpass.

1-?8



Extra Metaf Thlclcress - Addltional retal thlclcress will increase

serwj-ce life. However, where cortrcslon combined with abrasion

is to be expected, other types of culverts generally will be nucr"e

economical than metal pipes of heavler gage.

(e ) Planklng - Placing of lnverted channel iron to decrease eroslon

due to abrasive elernents wiLl be considered as an acceptable

nethod to reduce malntenance.

(2) Portland Cenrent Conclqls_Cufverts. The following measures jrtcrease

the dtrabiIlty of concrete culverts:

(a) Extra Thiclcress - Extra invert thlclaress may serve where errrsj-on

is 1ike1y to be so sevene as to appreclably shorten the servlce

life of a concrete culvert.

(b) Density - Hlgh denslty concrete pipe such as achleved by splnrrlng

' 
o" other processes should be considered r:nder exposure to salt

alr or salt water.

q-308 Federal Requlrenents

Corrrrgated nretal culverts of the types llsted bel-ow will neet FHI^IA require-

rents for use on federal-ald- projects provlded that the specificatlons conform

to approved AASIIO standands.

(1) Factoqr-riveted corrrugated metal plpe lnvolving dlameters fbom 8

lnches to 84 lnches, lncluslve. (While such plpe 1s available ln slzes

greater than 84 inches in dlameter, approval 1s to be considered only on an

indlvlduaJ. proJect basts. )

(2) Fleld-assenrbled corrrrgated structr-rral plate plpe lnvolvlng dlameters

f?,om 60 lnches to 180 lnches, lncluslvel stnrctural plate pipe-arches lnvolvlng

spans ff"orn 60 inches to l.92 lnches, inclusive; and structr:raI plate arehes

involving spans flom 4 feet to 30 feet, inclusive'

( d )

1 ? 9



(3) Factory-rivetecl corrugated metal pipe-arches involving spans fYcxn

O1U lnches to 72 inches, for which there a-r€ no approved AASHO standanf,s' wl-rl

be acceptable for use under f11ls not exceeding 15 feet when specifications

therefor ar€ approved by the FHWA.

FHWA &ppyoVi:l will be based on condltions applicable to the locatlons

i.nvolved, includlng the relatlve econcnry of alterrrative types of lnstallations.

4-310 Physlcal Standards for Culverts

ll-311 Alignment and Sl-ope

. Fbom the staldpolnt of trydraullc effiei-ency, dwabllity and rnaintenance,

abrupt changes 1n direction or slope are undesirable. Angle polnts are per-

missible ln the absence of abraslves ln the flow, othenri-se curyes should be

used.

Crxwatur"e ln plpe eulverts ls obtained by a serles of smal1 angle points.

fwther detalls on cunrature, nanufactunerrs literattue should be consulted.

For the downspout type of installatlon conslderation nnrst be given to

ancho,rage

Ll4I2 Dlareter and Length for Plpe Culverts .

Ttre spggested minlrnln dianeter for cross dreins urrder the roadway ls

lB lnches. For plpe g:ns exceeding 100 feet, an lnternedlate 1nlet or cleanout

shoul-d be consldered or a 24-hcn dianeter used. For 24-1nch diameter plpe

runs exceedi:rg 300 feet, lntermedlate 1n1ets or cleanouts are requlred.

Ttre lenglh of pipe culvert to be lnstalIed shal1 be determlned as fol-lows:

(1) Establlsh a theoretical length based on slope-stake requi-r"erents,

naklng all-orance for headwalls.

a
For

(2) AOJust the theoretlcal lenelh for helgfrt of f111 by applyrng these

1 3 0



(a) For flIIs 12 feet hlgh or 1ess, no affr.r,stment ls requlred.

(b) For fil1s hlgfrer than 12 feet, add I foot of lenglh at each

end for each lO-foot lncrement of fill height or portlon

thereof, neglecting the flrst 12 feet;

(c) fn the case of hlgh fil1s with benches, the additlonal length is

based on the height of the lowermost bench.

(3) Use the neanest combi-nation of corrnercl-a1 lengths whlch equals or

exceeds the length obtalned in (2) on the preceding page.

lfu1t1p1e Plpes - In general, the spaclng of plpes in a multiple installa-

tion, nreasrrred between outside surfaces, sha1l be one-half the nomlrnl dlameter

r^r-ltlr a nra"'clrum of 2-L/2 feet and a mlnlmum of I foot

ll-i13 BeddinE and BackftlL Conslderatlons.

The helght of overfill a culvert w111 safely sustain depends upon for.mda-

tion condltlons, nethods of jnstatlation, and its structr.ral strength and

rlgldlty.

(I) For.rndatlon condltlons at the culvert site have considerable bgarlng

on the stresses inposed on the culvert:

(a) n s1gbtly yleldlne for.yrdation under both the eulvert and the

aQjolnlng fill is the conditlon generally encountered'

(b) Appr"eclabl-e unlform settlenent under both the culvert and the

affolnlng f111 wlII not overstness the culvert.

(c) A relatively unylelding culvert fotrndatlon coupled with settle-

ment in the adjacent fill can produce great ovepstress in the

culvert, regardless of tYPe.

(d) An r:nylelding for-rndatlon rrnder both the culvert and the ad-Jacent

f111 can produce high stresses ln the culveft, pafiLcularly a

rlgld pipe wlth flat beddlng. Such stresses are counteracted by

subexcavation and backflll together with shaped bedding. .l
r l i l



(e) Fou:cdatlon lnvestigations may reveal a cornblnation of the

foregolng condltlons. In such cases, as well as for sites

cover exceeds 100 feet, a speclal design

more detalled foundatlon investlgation ls

where the helght

rnay be required.

of

r€quired for a sPeclal deslgn.

(2) Varlous acceptable methods of lnstallatlon ar€ pr€sented ln the

r"eference docurnents listed 1n Section 4-107. For arry pr"edictable settlement'

prcvlslons for canrber shall be made.

(3) Hei-ght of cover llmitatlons for clrcular and pipe-arch eulverts are

found in Tbb1es 4-3f3R-O.

TABIE 4-3134

Maxlrnum Helgfrt of Cover

TABLE 4-3138

Maxlmum Helgfrt of Cover for
Clrcular Steel PiPe Wlth 3r'
X lrf Corrugatlons

l l lximum

Double ft" riveb I
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It i  gEge
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rne ta l  $ r ra l l  bo  prov ided.

Note: Taken flcrn

60
66
72
7A
8.1



TABLE 4-313C

MN(IJVII,M HETdfT OF COVER
FCIR SIEEL PIPE-ARCHES

wrwl 2-2/3" X r/2" CoRRUGASTON

1. Seams nray be rlveted or welded. Hellcal lock seam llnlted to 57t' x 38t'
maximum size.

2. Cover llmlted by corner so1l nsessure of L-L/z tors per sguar€ foot'

3. Heavler gage metal shalt be proylded for arrches lefb of heaw broken I1ne when

flow veloclty wlth flrll culvert at entrrance exceeds 5 fps'

4.. eitumfnous l1nlng not ava1lable 1n 21tt x I5r ald 24tt x 18tr slzes'

}|axinun Height of, Cover (ft ')

Spart  -  Rise
(  inches )

!linimum
Corner
Radius
(inches)

3/L6 'Riveta 77e" Rivets

14 9a l2 ga l0  ga

r !

SINGI.E RIVSIED

2 1 x 1 5 3 9 9

I
2 4 x I 8 3 I

2 8 x 2 0 3 6 6 6

5 5 5
3 5 x 2 4 3

5 5
42 x 2 9 3t 5

DOUBT,E RIVEIED

4 5 5
4 9 x 3 3 5

5 5 5
5 7 x 3 8 5

6 6 6
64 x 43 6

6 6
7 L x 4 7 7

6 6
5 27 6 x I

8 3 5 7x 9
7

1l l3
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4-ll4 l4lnlnur.r {hlcknegs of Cover.

Table 4-3fq gives gre rnlnlm.rm thlckness of co\ter nequlred for deslgn

purposes over culverts and plpe-anches. For constnrctlon convenlence, the

minlnnrm cover for all types of culverts 1s 6 lnches greater than tte thlclmess

of the structural materlals |n the pavenent cross sectlon'

class ,,c,,concrete backfltll nrry be used for culverts wherTe lb 1s necessary

to have less than IB lncres of cover belorv the top of a flexlble pavenent. A

mlnlmnn of one foot of concnete backfLll shQld be used at the sldes of thre '

culvert.

q-315 Culyert Jolnts

I-3f5.f lvbta1 Culverts - l4etal culverts 24 lncles ln dlameter' or less'

normally requlre 12-1nch naf couglers. llrgse IarEBr than 24 lnches should

utilize 24-1nch hand couPlers.

tl4l.5.Z Relnfonced Concrete - Relnfonced concrete plpes a:ne normal$

bonded together by the gse of grputlng; horever, rTrbberlzed gaskets or other

methods may be ut1l1zed wlth the apprcval of the Deslgr Erglneer'
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TABLE 4-314
' ' .

I{INIFIUM ITiICKNESS OF CO\IER. FOR CUWERIS

MINITUM TTIICKNESS OF COVER

.SURFACE
TYPE

Reinforced concretc

PiPe.g
Stnrcturel glrtc PiPcc

i.snd PiPG-.rchGg
Corrugated met.l

piges and piPc'eiches '

2 ft. minimum
Diameter or sPan

8
2 ft. minimum

Diameter or spqn
5

2 ft. minimum

Fluiblc
Povrmonfs or

Unpovcd

I ft. minimum
Diameter or span

' i  8 .

1.2 ft. rninimum

Diameter or span
' 5

1.2 ft. minimum
. :  : .  I

Ris id
PoYtfianlt

- T r  o v c  l c d  w o y

c,
I

Hinge Poin l

Florrd End

Thickness
ot H.P.

l l inirnum Thictnrrl
of Covcr'mlosurad
ot  U l t imot l  E .  P .

Min .
o.5'
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4-3f6 Headvualls and Other hd lbeafirents.

(1) General Requlrenents - lhe need for culvert headwalls or other

stmctwes, at either entrance or outlet, should be based on tn" physlcal,

hydrauJ-1c, and aesthetlc condltlons parblcular to the site.

(Z) f'tared n:ld Sectlons and Headwalls -

(a) At Entrance - Flaraed erd,sectlons or headwalls are deslred for

these reasons:

For hydraullc eff,lclency,

- To prevent a f1q^r outslde the culvert barrel ln pervious

backfill materlals,

Acting as a cotrr.ttemelgfrt, a headwall prevents flotatlon of

large culverts at entrance where ponding and plryging of

the openlng by drlft are antlclpatedt

- To prevent erQslon of steep enrbanlsrent slopes due to a fr€-

quently necurrlng headrvater pool.

For hydraullc r"easons, flaned end sectlons ard headwalls a.r€ not

requir"ed rrnder the follcr.dng condltlons:

- For lntermlttent, lo* rreloclty flors where head conservation

is not irportant

- l^lhere the deslgn dlscturge lslnsufflclent to f111 the open-

ing of a mlnlrnun size plpe'

(b) At Outlet - It ls r.rndeslrable flom a lrydraullc vievrpolnt ard

usually unnecessaly to place headrualls at outlets to culverts

less than 48 lnches 1n dlannter. Headwalls or other prrctection

are essentlal r"egardless of culvert slze where a degradlng

charurel is apt to undermlne the cul-vefi or errcde the embanhnent.

1 3 ?



Whenever errrsive condltions qle encOqntered at outlet, stardard

headwaLls or wirlg--walls should be uged wlth caution. Before

any end treatnent. is considgred, the effects of such a discharge

on both the outlet stn-rctwe and dopqrstream property rnust be

evaluated. where the culvert ls exposed to vlew, elther a

headwall or a f,lared end sectlon should be ppvlded.

(c) fT area Fnd Sectlons - As they prrcvide effectlve entrance, pre-

fabricated flared end sections should be used in lieu of headwalls.

Flared end sectlons also lend themselves well to situatlons call-

ilg for f1]1 wldenlng.

(d) Stm.fght Headwalls - Ttrey may be used where right of way restrlc-

tlons dlctate. :

(e) Wjnged Headwatrls - Except 1n speclal cases, headwalls wlth wlngs

ar€ not rrecornnended for use with snal-l eulverts as flared end

sectlons effectlve and less elcpenslve'

(f) I-Headwalls - Thls type has one wlng norrnal to the culvert center'-

Line. It ls r.r^sed in well-defllned channels with ]ow to npderate

veloclty nLrerq an abrupt change ln dfu.ectlon ls r.egulred at the

culvert entranee. L-Headwalls nay be used where warranted ln

locations welJ rremoved fi:om the shoulder.

(3) Mlter"eA Eids. Ulitered ends confonnlng tO the f111 slope have rp

place at entr"ance as they are l-ess efflclent than either flared end sectlons or

headwalls. trtltened ends nray be r.rsed at outl&whene the cul-vert is exposed to

vlevu. As they are stnrclurally ur:stable, they are not r"ecornerded for plpes

over 48 lnches ln dlanreter. Because the mlter.ed sectlon nnrst be rernoved,

mltered outlets also are not recornended where extension of the culvert ls

O 
*t"1Pated'
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(4) proJeetlng B,rds - The proJecting end ls permlssible ln rnountajnous

terraln or where 1t ls not exposed to vlew. LLke the mltered endl the pno-

jectilg entrance lnhribits culvert efflclency when the entrance 1s suhlrFrged.

In sorne situatlons, the outlet end may prcJect beyond the fll-l, thus provldlttg

securlty agalnst eroslon at less expense than bank prrotectlon work'

[-ltl Strength Requfu"enents {'or lvletal Culverts arrd Relnforced Concrete BlPe.

Strenglh r.equlrenents for corrrrgated steel plpes fabrlcated under the

three acceptable nethods contalned 1n,the itstandard Speciflcatlonsrrf and for

r elnforced concrete plpe are glven 1n varlotus tables eontalned ln reference

docunrents (Section 4-]07). Tb pr"operly r.use these tables and graphs, the

designer should be aware of the prenrlses on wtrlch the tables are based a+

well as thelr llmltatlons.

4-3fB Box and Arch Qulvqrlq.

Relnforced concnete cast-lrnplace box culverts, arch culverts and struc-

tgral plate arch culverts wlth a cast-ltrplace footlng and lnvert are par-

t1cu1ar1y susceptlble to rrnfavorable foundatlon cordltlons. Ihe footlng

pr€sspres wrder these box and arch cuLverts rrarly fYonr approxirnately 1.5 tons

per square foot to 2.5 tons irer sqr:are foot withzero to 70 feet of overf1l1.

For these rea,sons, the deslgn engineer shall nake a foundation lnvestlgatlon

of sufficlent scope to determlne the supporbing power of the for.rndatlon

rnaterlal, the potential settlelnent and r:nequal foundatlon supporf'
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4-400 Roadway DrelrragB, Requlngrents.

a 
For purposes of thls qranual, roadlray dralnage covers the collectlon and

rnenpvaL of waters f?om the ncadryay. It lncfudes puch lter;s as:

(1) Sqrface waters orlglnatj,ng wlthln the rlght of way, narely the

roadbed, nedlan and contrlbutlng slopes;

(2) Surface waters orlglnatfurg outslde the rlglrt of way ard not conflned

to channets; and

. (3) Ground water.

In the deslgn of roadway faclllties, the airn is to keep the

traveled way fbee ftl)m floodlng except for lnfbequent hear,y ralnstorrns.

TIre fr.equency ard tolerance of floodlng stlall deperd on the inportance of the

rcadway, coupled wlth the risks and costs involved'

4-401 Stardards for Roadway Drahag;e'

(1) General-!9gg@!g:

(a) l1.e deslgn storm f?equency ard allorable extent of ffoodtng

shal1 be as given 1n Table 4-401'
'

, (b) In rrrnoff conputatlons by the ratlonal mebhod, a mlnlum of

10 minutes ts reccxnrertea for both the tlre of concentratlon

and the lnlet tlme.

(c) fn general, dralnage across the traveled way should not flow

over more than 4 lanes

(2) Stage Constnrction. In stage constnrctlon, all perrnnent dratnage

lnstallatlons shall be deslgned to provlde for the ultl.rnate noadvray lnproverent'

Thls applles rnainly to storm draln systenrs'
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TABLE 4-401

STANDARDS FOR ROADWAY DMINAGE

Roadway Feature :! Limits of Ftooding
Design Flood

Fnequency - By Type
of Roadway

Normal Tnavel-ed
way (a) f tush shoulden design low-

est edge of t raveled way.

(b) Rol led gutter design low-
est S-foot width of tnavel-
ed wayr but wate:: sha11 not
overtop shoulden on low
side of supenelevat ion.

Anterials Collectors
Access
Road

2 5 10 L0

Tnaveled Way at
Depnessed
Sect ions

Lowest S-foot width of
tnaveled way negardl-ess of
type of shoulder.

t_00 2 5 10

ft Based on l0-minute tirne of concenfiration.
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4-402 Dltches.

(l) Grade - The flattest grade r"eccrnnerded for deslgn 1s 0'25 percent

for earth dltches. gnder rrldea]tr condltlons, 0.1-2 percent nray be used for

paved dltches.

(2) Slope Dltches - Slope dltches or surface dltches should be pnovlded'

wfier"e lt 1s neeessa-qr to lntercept drainage f?ffi natunal slopes lncllned

to,rar.d the rrcadway; When the dltch gfa.de exceeds a 4:1 slope, a dowrdraln

ls 6fben advlsable. Slope dltches may not be necessa:ry where slde slopes 1n

favorable sol1s are flatter tlrarr 2:1 or wher"e posltlve eroslon control

nrgasures arre to be lnstltuted dtrl-ng corstr:uctlon.

(3) Sfae Dltches - These a:re trlangUlar gutters adJolnlng the shoulder.

Fbr condltlons governlr€ tfleir use, see Sectlon 2-322.5'

(4) Cfra:* Solutlons - Itre nonograph ln Flgr11'e 4-503A applies to all

O trlangular channels.

4-403 Overslde Dralrs.

, 
Ttle pwpose of overslde dralns, scxnetines called slope dralns, ls .to pro-

tect slde slopes agAlnst eroslon. Ihey convey dralnage down the slope whlch

is collected flom the r"oadbq$, the tops of cuts or f?qn benches ln c.ut or flll

slopes. Ttrey nray be plpes, flwnes or paved sp111ways as shcprn on the standard

p1ans.

(1) Spacing and locatlon - The spaclng ard location of over"slde dralrus

deperds on the conformation of the grourd, the r"oadvray proflle, the quarrtlty

of fLow a11d the llrnltatlons on floodlng stated ln Tab1e 4-40I. Dlverslon

fbom one watershed to another should be avolded. If dlverslon becones neces-

san/, the dmlnagp should be carrled to a polnt of dlscharge lnto a natural

watercourse or a storm draln.

(2) Tlpe and Use Requlrrenents - Follor,rirg are detalls of the varlor]s

L42
types of overslde dralns: .



(a) pfpe Dorndrains - Metal plpes are adaptable to arry slope.

{trey should be Used where slde slopes are 4:1 qt steeper'.

The mlnlnun plpe dtanreter shall Ue B lnches, but large flows

or long plpe lnstallations may dlctate a larger dlaneter.

(n) f'furne Downdrains - Ihese are rectangular cornigated metal

flumes wlth a tapered eritrance. Ttrey are best adapted to

slopes that are 2:I or fla.tter but lf used on L-L/?|L

slopes, lengths over 50 feet a.r"e nct necomnended. Abnrpt

changes in alignnent or grade should be avolded''

(c) paved Spillways - Perrnanent paved spillways nonnally are used on

' 
side slopes flatter tnan 4:1 but they shall be not longer thart

24 feet. Sp1l1ways also may be used on slopes as steep as 2:1

but thelr length shal1 not exceed 14 feet'

(3) Entrance Standarrds. Authorlzed entrar,rce tapers for plpe and flwe

downdralns are detalled on sbanda::d plans. An acceptable alternative to the

plpe entrance taper is a fla.red end sectlon. Ertrance tapers and flared end

, sections should be depressed at least 0.5 foot'

Ihe loca1 depresslons called f'paved gutter flaresrt rny be r'rsed at oversld'e

dra-tns

(4) Ortlet Tl.eatlnen!. Wher"e excessive erosion ls anticlpated at an over-

side drraln outlet, a slnple ener$r dlsslpator should be erployed'

(5) Anchorage. Overslde dralns should be anchored'

(6) Dralnage of Benches. Drallage finom benches ln cut or fill s1op9s

should be respved at lntervals rarging fon 500 to 800 feet

Q) Selectlon of Tlrpe. Plpe and, fl-r.nre dovrndralns shal1 corulst of

cornrgated steel-. For design puryoses, materlals nnrst satisf}r the condltlons

stated on the followlng Page:
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(a) Deslen Senrlce LLfe - Tlie deslgn senrlce life of doryndrails

shalI be 50 yearsi when burled rnore than tLrr"ee feet within the

embarrlsnent on pr.oJects wher"e tte design servlce llfe of, culverts

1" 50 years. Under all other condltlons, such as on the surface

of a f111 sIope, 1t shall be at least 2! years

(b) Speclal Requ!'enents - The deslgn senrlce }lfe of netal doundra-lns

sha1l be determlned frron pH and neslstlvlty tests covered in

Test Method No. Callf. 643 and other tables contalned ln

references listed ln Sectlon 4-107.
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4-500 Storm Dref4s.

4-501 Stgrm Drpln SYstems

Road Cormlssloner apprroval ls requlred 1n advance when an exterslve storm

drain system is proposed. Storm draln systems for roadways often lnvolve

cr1t1caI dlsposal problems, partlcularty where d::alrrage of the surrourdlng

area 1s lnadequate. A cooperative prrcJect effected wlth 1oea1 lnterests nay

pnovide the best solution to the problem.

4-50f.1 Notes on Hydraufic Design.

recognlzed nethod of conputing the quantlty(1) Des{g: Dlsctrarge. AnV recognlzect rethc

of rrrnoff lnay be enployed. Ttre deslgner ls remlnded that uslng the raxlnnun

time of coneentratlon to determ!':e deslgn ralnfall lntenslty does not

necessarlly give the maxlrnrm runoff possible for a glven drajmge ar4ea. Varlotrs

:
shorter storm dgratlons should be lnrrestlgEted as the r"esultant hlgher lntensl-

tles over parbial dralnage ar€as nray produce larger flows.

Wher"e the water"coursre 1s a conblnatlon of flow overland and ln plpesr the

tjne of concentration ls ihe sum of the 1n1et tlme plus the tlme of flow 1n the

plpe.

Orlng to sheet flow over the traveled way and shoulders as well as flow

over the goul.d a rninlnnrm lnlet tlme and tlne of concentratlon'of 10 mlnutes

ls recq,nrended for roadwaY areas

(2) Wdraullc pgslgn of Condults. Closed condults should be deslgned

for ttre f\r1l condltlon. They nray be allowed to operate under pr€ssuner prc-

vlded the lrydraulic gradlent 1s 0.75 foot or upre below the lntalce I1p of

any 1n1et whlch may be affected. In no event should the enerry gmdlent rlse

above the 11p of the lntake.

In a shallow systern wlth a flat invert slope, all,owance should be rnade for

enerry losses at berds, junctlors and transltions
1 4 5



o;'-:
effected

water.

When necessaly, backflow protectlon should be provlded ln the form of

flood gates.

(4) Storage. In developlng the rost econcxnlcal installatlon, the deslgner

should not overlook economles obtainable by the porrdlng effect of stonage 1n

gutter.s, redlans and lnterclrange areas. Inlet spaclng largely contncls

surface storage 1n gutters and medlans; 1nIet capaclty governs in sunp areas.

(5) Floating [bash. Except at puurplng 1nsta11at1ons, ever5/ efforb

should be inade to carry alf feaslble fLoatlng trash through the storm draln

system. C\udr-openlng lnlets:and drop 1n1ets are well sulted for thls pqrpose.

1| 
'In 

selectlng 'grated 1nlets for ur.lcan sectlons, the deslgner should conslder the
U

potentlal use of the str"eet by chlldren and na^:row-wheeled blcycles.

4-5OZ Standa:rds for Storm D:aln P1pes.

(1) Iocatlon ,an$ Allefrlrent. I.ongltudlnaL storm dralns for the disposal

of r"oadway dralnage should not be placed under the traveled way or

shoulders. Whenever a locatlon under the roadbed ls necessa.rXr, nnr$roles

should be located outslde the shoulder. In urban seetlons nrarrholes may be

located wlthln the roadvray sectlon.. Where bends are requlred, the allgnnent

should be on a clrcular curve. Argle polnts ln the allgrurent should not

exceed 10 degrees; othenrise, a nranhrole should be used.

(2) Plpe Dlanreter. Ihe mlnirum plpe dialneter shall be as glven 1n Iable

4 502, except that pipes l-ocated vutrolly or partly u:rder the r.oadbed shall be

(TSrpes cCP, OCP, GMP.
1 4 6

Bacl<water _at Outlet. To determlne the lowest outlet elevatlon for

systems wtrlch dlscharge lnto leveed charurels or bodles of water

by tldes, conslderatlon rnrst be glve4 to the probabllltles of back

| "t least 18 lnches ln dlanreter.

The minlmwn dlaneter for use wlth plpe drop lnlets

and CIUP) shall be 18 lnches



rABrE 4-5oa

Mfdnum Plpe Dlanreters for Storm Dralns

TIpe of D:a1n

T?unk Draln

Tlunk lateral

Inlet Iateral

)-

1B

1 5 *

r q  *

'  !  i '

* 1$ir rnlnixnm if vuholly or partlg under the roadbed.

'(3) 
Ftr"e4gth. Strength requlrernents for both metal and concrete plpes

can be found 1n the apprrcprlate r"eferences Ilsted ln Sectlon 4-L07.

(tl) Selection of IUrc. In general, the considerations vrhlch govern the

selectlon of culvert type apply to storm drain condults. One exceptlon is the

roggfur€ss factor whleh generally assunes gr"eater inportance 1n a storm draln.

lrds for Inl4irnJm thiclmess of(!) Depth of CoYbr. For appllcable starxlards for nfr"rlrun

cover, see Sectlon 4-314. For n-,jn nn heigfits of overflll, see the refenence

docr.unents llsted ln Sectlon 4-107.

4-503 Gutter Deslgn.

(1) Capaclty. Gutters 
-shal-l 

be deslgned to keep floodlrg mtntn tfre

llmits given 1n Tbble 4-401. Easy solutions of gutter flow problems a:re .

obtalned by uslng FlgLlre 4-503A whlch. applles to triangular channels and

other shrapes lllustrA-led on the charb

(2) Gutter tDes. Ttre slrape and direnslons of appnoved curt and gutter

ct3oss sectlons colrmonly used are shown 1n rrarlous nefer"ence docunents (Sectlon

4:107)

; (3) IpngJ-tudlnal Slope. Ioneltudlnal gutter g:ades should not be fLatter

than 0.12 percent.
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(4) Cross Sloppq:., . O1 Z-�foot gurbed gutters. to th9*-11gLrt of trafflc'

the norrnal cross fall shall be 2 lnches. On gutters wider than 2'feet., the

cross slope sha11 not exceed 7 percent. Flatter'cross slopes should be

avolded because they cut down gutter capaclty and sever^ely reduce lnlet

efflclency.

(5) Cr.rrbe4.Intersectlops. If pedestrlan trafflc ls a nrl1ng facto:t

bernatlves to be welghed asintersectlon dralnage presents the followlng all

to effectiveness and econonry:

(a) Intercept the whole flow at or near the beginrrlng of the cr-rrb

return.

(n) mtercept a par.t of the water and allow the overflow to cross

:: ' the lntersectlon.. Ttre wldth of flow should be controlled so

that pedestrlan trafflc 1s not urrduly halrpered'

; ., (c) ff 1t ls srnall, pass the entlre flow throlrgh the lntersectlon

ln a va1ley gutter'--see subparagraph (6) below;

(6) Valley G.rtters. Va11ey gutters across the traveled way should be

avolded. In generalr. the total wldth of gutter should not exceed B feet and

cross -slopes shall not exceed J percent. fVilo percent is suggested,wher"e rncle

than nomlnal speeds are lnvoLved.

4-504 Inl-et TVpes

fhe basl-c features of standard storm draln jnlets are shoun in Flgtlre

4-50q. The varlety of standard deslgns for.rnd ln the necormended reference

docugents ls consldered sufflclent to rneet any drainage sltuationl hence; the

use of nonstandarrd inlebs should be a rare exceptXon '

F?orn an operatlng standpoint, there are four maln grrcups of lnlets;

these are:
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(a) Clrb openlng l-r,rlets (qrpe O) whlch have an openlng paral1el1ng

the dlnectlon of flow;

(b) Grate lnlets (TVpes G, GT, GCP and CMP); theseprovlde a grrate

openlng ln the gutter or waterway;

(c) Connbinatlon 1nlets (TVpes GDO and GOL) whlch have both a curb

' ' 
and a grate oPening; and

(d) Wa1l openlrg 1n1ets, ln whieh the intake openlng ls norrnal to

tlre flow (t}tpes OCP and CMP).

(e) Slotted dralns (not plctur€d) rnay be corsldered. llaj-ntenance

factors should be consldered extenslvely before selectlng

' slotted dralns.

The choLce of type depends 1n general on slte eondltlons, hsrdraullis

and costs. Althougfr the hydraullc capaclty of any type is closely tied to

tne ilze and't54pe of lntake openlng, the capaclty is greatly increased by

depresslng the openlng below the norrnal flowl-lne of the waterway.

4-505 IVpes and Uses of Gra?es.

Followlng are the dlnenslons and uses of standard grates:

Tlpe 18- 9 - Clear openlng-l8'f x 35-3/8".

Clear bar spaclng-I-3/8" (9 bars).

Uses-withln the roadbed on higfrways where bicycles

and pedestrlans are excluded.

rype 24-18 - Clear opentng--24r' x 35-3/8"

C]ear bar spaclng 3/U" (IB bars)

Uses--wlthin the roadbed, normally r.mder urban

condltions where bicycles and pedestrlans a:re permltted.

T5rpe 24-12 - Clear openlng-24" x 35-3/8".

Clear bar spacing-I-3/9" (12 bars).. 
151

Uses-w1th1n the rrcadbed on highways wh:re blcycles

and pedestrlans are excluded.



qrpg 2\-9 - Clear openJ.rrg--24r' x 35-3/Bu

Clear bar spaclng-z' (9 bars)

Uses--outslde the rpadbed. I'1111 not support normat

highway wheel loads. thls ls the best grate for

passlng Leaves.

Ilpe 3GR - Ror.rnd grate-14 -VZu lnslde dianreter.

Clear bar spaclng-2tr.

Uses-outslde tlre roadbed wlth concnete or retal plpe

, dncp inlet. 
'W111 

not support no-rnal hlghway wheel

loads

Elalrpnd pattern grates nray be used where bicycles are expected.

4-506 Iocatlon and Spaplng gf Inlets

(1) Governlng Factors. the locatlop and spaeing of lnlets depend nralnly

on these factors:

(a) fne amount of rrrnoff,

(b) Ttre grade pr"ofile,

(c) ttre ]ocatlon and geometrlcs of grade lntersectlons,

(d) Wldth of flow llmltatlons,

(e) ttre lnlet capaclty, and

(f) Volwne arxl nnvements of vehicles and pedestrlans

(2) Iocatlon. There are no ready rtles by whlch the locatlon of lnlets

can be flxed; the rncst effeetlve and econcnflcal lnstallatlon should be the'alrn.

(3) Spaclne. Arbltrarry spaclng of 1nlets should be avoided. Ihe dlstance

between lnlets shor.rld be determlned by a ratlonal analysls of the factors con-

tro[ing the design. In a va1ley medlan, the deslgner should consid.er so1I

perneablllty and susceptiblllty to eroslon ln the spachg of inlets. $o

econqnize on dlsposal fac111t1es, lnlets are ofben located at culverts or

near storm drain conduits 15?



ate the need for a serles of
(4) Inl.ets :n Sertes' When cordltlons dlct

ln'ets, the r.ecqnnerded rnlni-lrnrn spaclng should be appnoxlnately 20 feet' tlslng
;

hould be nrade
therrearestcornblnat lonofcorrmercla}plpelerrglhs.Al lowarrces

for lergth added by plpe Jolnts and the bevel at

\-5OT tlvdraullc Deslgr of lnlets'

( 1 )

whlch dePends on:

Inlet caPacltY is a varlable

(a) ttre slze of the lntake oPenlng;

( b ) T h e v e } o e l t y a n d d e p t h o f f l o w a n d t h e g u t t e r c r o s s s l o p e J u s t

:{-Fatm fi'om the intake; andupstream f?om the :

(c ) lhear rpunto fdepress ionof the ln takeopen ingbe lovu the f lo l

(2) ' See reference docr-urents llsted ln

(3)Gratelnlets.Theehartscontalnedlnther.eccrrrrerdedr.ef,enences

(Sectlon 4-107) glve capacitles for 1n1ets with a slngle r"ectangular gtate

on the basls of colrplete lnterceptlon'

4-508 Local DePresslons

(1) Puruose. A IocaI depresslon is a paved hollow in the waterrray

shapedtoconcentrateanddi . r .ect thef lowlntothelntakeopenlrrgandthus

d e v e l o p t h e f t r l } c a p a c l t y o f t h e l r r l e t . I n a g u t t e r b o r d e r e d b y a c u r t , i t

is called a gutter dePresslon

(2)GeneralNotesonDeslgn. l , | l l thcertajnexcept iorrs,alocaldepresslon

shal lbepr.ovldedateverylnleteventhorrgf i thewatenrayisupp4ved

the slze of lntake openlng ls 1n questlon, a depression of rnaxlrurn depth

be conslder"ed before decldj-rng on a larger openlrg' For trafflc reasons' the

gutter depr"ession sha]I be onj-tted 1n these ca'ses: (a) ortveways' and (b)

medlan cr:rdc a'd gutter lnstallatlons. rt shall be permisslble to ornlt gutter de-

presslors at sunp lnlets where the wldth of flow does not exceed prescrlbed llmlts'

1 5 3



(3) Local Depresslons Ortslde the Roadbed. Iocal depressions outslde

O the roadbed generally consist of a paved apron or transltlon of a shape whlch

serves the pr,uPose.

(4) Gutter Depresslon. The gutter depresslon is deslgned for use ln a

",rm .-d 
gutter 1nstal1at1on. It ls caref\rIly proportloned in length, wldth'

depth apd shape. To best preserve the deslgn sLrape, constnrctlon norrnally

should be of concrete. F\:rther requlrements for gutter depressions are:

(a) Length - See r"efer"ences (Section 4-107),

(O) WfAtn - Normally 4 feet, but for wlde flows or a serles of

closely spaced inlets, 6 feet 1s authorlzed, and

(c) peptn - Wher€ trafflc conslderatlons govern, the depth eorrnonly

used 1s 0.10 foot. use the ma,ximum of 0.25 toot wherever

feaslble at ]ocatlons whene the resultlng crub helgftt wouLd not

be objectlonable.

4-509 llarrholes@.

(1) Manfrolqq - Generral Notes. A nanlrole ls an r.urdergror:nd stnrcture

whfch provldes access to a contlnuous undergrowrd condr:lt. It conslsts of a

chanber at the bottom large _enough for a ran to work ln and a shafb which

pr.ovldes access dlrectly f?qn the surface.

llher.e ar€ no fixed nr]-es for the locatlon and spaclng of nanlroles. In the

fljral a;ra1ysls, the deslgner must seek a neasonable conprrcmlse between cost

and ease of malntenance.

(2) Junctlon S!rrlq!r.r::es.. A Jr.rnctlon stnrctrrre is an undergrourd chamber

used to Joln two or npre condults, but does not provlde dJ.nect access flcrn the

sprface. It 1s des1-gned to pnevent tr.rbulence 1n the flow"by pnovldlng a srpoth

tr.apsltlon. Where 1equlred by spaclng crlterla, a manhole should be used.
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4-500 Open Clrannels.

4-601 General. . :

T\ro channel problems most ofben face the englneer 1n hlghway drafnagp

practlce; theY are:

t- \ 'Fo flnd the discharge of a natural stream, and
\ .d ' /  ru

(b)Toproduceasafe,econotrr lcalchanrreldeslgn.

Both depend on a basic lmolledge of the factors whlch govern channel

flow. In a dlscharge problem, the key tactot is the roqgfu:ess coefflclent (n)'

whl1e ln a deslgn problem, the water sr:rface proflle and' the veloclty are the

rncst inportant conslderatlons.

(1) Unlform ELq{. Unlform flow occurs when the flow ls steady and the

nEan veloclty 1s constant; lt ls only posslble in a cftannel of constant cross

sectlon. under thls condltlon, the water swface 1s paralleL to the bottonr of

can be conputed by f?1ct1on fonruLae such as the lrlannlng and

Kutter developments of the Cfiezy Formu1a'

(2) Nongniform !!o4. Nonr.griform flow occurs rrltren the nean veloclty for

a glven flow varles f?om one sectlon to another and is the condltlqn nost

ofben encountered ln hlchwav practlce. It rnay be dlvlded lnto two general

classlflcatlons: (a) gfadually varled flow wher"e f?lctlonal reslstance 1s

the prlnclpal factor, arrd (b) rapldly varled flow i-n which elther acceleratlon

or deceleratlon ls the prime conslderatlon.

In gradually varled flow, the stream adJr.usts ltse]f to the sl-ze of tlre

cross sectlon whlch the slope of the lrydraullc gradient rrequlres' In such

cases, lt 1s posslble to approxlmate the water srrrface prrcflle ushg a f?lctlon

formula such as lvbnnlngts. To obtali reasoniably reIlable nesul-ts, the

stream rnrst be divided lnto short r.eaches 1n whlch flor condltlons ane nearly

allke, and velocltles should not change nrore thran 10 to 20.percent' In fite

1 5 5



rreaches selected for corputatlon prrrposes, the water surface prrcf11e nnrst not

I diverge too nnrch fbom the aver?,ge channel grade l-1ne for even rnoderate

dlvergencles can lntrrcduce gross er:ncrs

Rapj-dly varled flow occurs ln the vlcinity of transltlon sectlons such

as dr"ops, dlsslpators, or sudden cha.nges 1n ctrannel crrcss sectlon. F?lctlon'

formulae should not be used under such condltlons

(3) EcgnonV ln Deslen. Constructlon, rlght of way and malntenance costs

Erst be consldened ln deslgnlng a4 open charurel. T!:e slze and shape as well

as the choLce between a l1ned and an unffnea ctrannel are based on econqnlc

conparlsons whlch take into aecotrrrt the for"egolng factors. On clrannel grades

producfug eroslve rreloc1tles, 1t nay be more econonrlcal to construct an

unllned ctrannel with drops ratlaer ttran a llned channel on a stralgfit grade.

Itre locatlon of a ctralyrel 1n the outer separatlon, rather than the outer slde

a of a fbontage rrcad, ngy nesult ln econqnles ln riglrt of way and culvert costs.

IU (4) Cfrar* Solutlons. A norograph for the solutlon of the Mannfng Fornnrla

ls ,shown 1n Flgur"e 4-601.

\-562 Deslgn Storm trbequency.
' 'Ihe deslgn storm tl"q,r"*y should be based on the requfu'enents stated ln

Sectlon 4-400 ard Table 4-401.

4-603 Deslgn Contr"ols for Tlrpes of FI-ow

To obtaln the npst efflclent ard economlrcal deslgn requfues an trnderstand-

i:,rg of the three ttrpes of f1ow, as explaJ.red 1n the ensulng dlscusslon.

(1) C"1t1cal Flovls. Llnder thls condltlon the sun of the klnetlc energl

ard the potentlal energf of the flowlng water 1s a m1nlrnun and the dlscLurge

i,s a rnaxlnnrm for a glven total head. Regarrdless of cross sectlon strape, crltlcal

flor,,r exlsts at the depth for whlch the veloclty head 1s half the Wdraullc rean
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depth. Crltlcal flow ls an unStabte condltlon net ln pa'sslng f}'cm suberltlcal

- should be avolded 1n deslgn'It to supercrltlcaf flortl and vlce ver"sa' It

(2) 
lPcdtft FloiP. subcrltleal r_rews gre tnangull or streanlry

wher"e the veloelty 1s less tlran the crltlcal veloclty. Threy occw when the ve1-

oclty head 1s less tfran naff the frydraullc nean depth' Under these condltlons'

r^estrletlons 1n the ckrannel can cau$e the water surface to rc-se upstr"eam'

Thls phenonenon sholrld be considered ln ctrarurel deslgn as backwater may be

the eontrrcl for dePth. :

(3) Supercrltlcaf tr']ows. Sr.percrltlcaf flows are rapld flows wher"e the

veloclty ls hlgfrer trta.n the crltlcal veloclty. They occr.rr whren the veloclty

head exceeds half the hrydraaullc nean depth, Ttrey may be turbulent and at verry

hlgfr velocltles may becone shootllg flows. Supercrltlcal velocitles are

aeconpanled by ctrannel eroslon, wave actlon, and, trnder certaln cordltlon's'

:
a tiydraullc Jr,urp. !r the hlgfier veloclty rangesr the supereievatlon of the

water surface at the sharpen bends may cagse the flow to overtop the barik'

vlolent wave actlon al-so nny take place with the sarne nesult' tlnder a super-

crltlcal flcnr, the effect of ctranges ln ctrannel condlJlons cannot be tran's-

mltted upstneam.

4-604 Slze and Shape Conslderatlons.

Al lchanrre lsshouldbedeslgnedonthebaslsofmaxi r rur rut tL lzat lonof

earth-ncvlng equipnent eonslstent wlth econolrry 1n constnrctlon and ralntenance'

Tbapezoldal channels are ustrally the rnst econcrnlcal. Wlde charurels less than

one foot deep, however, are lnefflclent and, generally, are not reconnended'

Charrnels of npderate capaclty should have a 2-foot bottom. When sedlrents are

transported at 1ow stages of flo.w, the veloclty may be jncreased f\.rrther by

using a V-shaped channel
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o
In determlnlrrg the steepness of slde slopes for unlined dltches' consld-

eratlon nnrqt be glven to the eroslve potentlal of the so11' anO tf'" at-1t anO

veroclty of the deslgn flow. r,rnaer avel?,gs condltlons, slopes rlg-+F flory

L-v2:1 to 211 are satlsfactory. To facllltate malntenance' side slopes for

:teePer thran 4:1'
dltches wlthln lnterchange areas should not be ! -

Chrannels wlth an overflovl cross sectlon should be tr"eated as separate deep

ard shallow chrannels in conputing the flow'

4-505 Channel Allgnnent ard Grade'

(1) Allgrment. Except where the allgrnent ls slnuou's ard cr'mratrrre sha4'

head losse? at berds 1av be neglected wlren velocltles are lovr' In the hlgfrer

subcr:!-tlca1 veroclty rnnges, berds cause head losses rvrrlctr should be consldered

c|rartrrelswl'thveryhlg|rve}oclties,sharpberdsshouldbeavolded.ln deslgn' rn 

rd1na1 srope or grade 1s 0'12
(2) Grade. The flattest desfu'able lorgltt

.  - t -  ^ - - ^ '

per.centfor l l r redctranrrelsand0.25percentforun} lnedckranne}s.

4-505 Ooefflclent 9f RoFdqreqs' 
--. ,--\

The determlnatlon of tr4annlrgts rougfiness, coeffi-clent (n) calls for Judg-

rent and a careflil appralsal of ofrar]rrel cond'1t1o* lJ:I the f1e1d'

Sugggsted values of (n) for use ln deslgn, whlch are based on Hortonrs

coeff,lclents, are glven ln Tbble 4-506, for each type of condult or clrarrnel'

deterloratlon
These are regarded as average values' They take lnto accorrnt

of the flow carrrylng sr.rrface, a's well as dlstortlon of the gfade ILne due to

settlerrent, con,strtrction Jolnts together wtth other conmon j.rareeular-

ltles. Trre tahular values should be nodlfled to satlsf! abnorlnal cordr-tl0ns'
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TABLE 4-606I'IlD.t-rD 5-evv

- -  -^--- :--^^ ^^f f inral \ fm / lT\

sI.,ccEsTED A\mRAGE VALUES FoR MAIINING'S ROUGHNESS 00EFELOIIN,I' (l\/

(Based on Materials and worlananship Requj-red in trle Standard Speclflcations)

lFor plpe flowlng full.
2Use (n) value conforming to loca1 practlce and materlals ln rernodeHns sewers

not owned bY the CountY.
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U-607 Ctrannel Changes

"rrrr,ge 1n the rryaraurrc characterlstLcs of a crrannel.

(1) Reasons for Ctral:nrel Cfranges. FoLlo,rlng are the maln r"easons for

ctrannel changes:

(a) Permtt better hleh$lay allgnment'

(b) Econqnlze'by ellmlnattng culverts or brldggs where a str"eam

recrosses the hlgfrwaY '

Ltlons'ln channels at brldges and culverts,(c) Irprrcve flow condj

(d) hotect the hlgfrway agalx.st flood dannge, and

(e) Rlght of way consldereatlors.

(2) Cooperatlve ProJects. In cases wlrer"e Jolnt beneflts result firqn

planned Orafnage Jrrpr"ovenents, a cooperatlve proJect nray be undertaken.

(3) Ckrannel CtranFes 1n lArger Str"eams. Cq*flrl study of the str"eam charac-

ter{-stlcs is reqr:lred to achleve an effecttve deslgn. Thls study should lnclude

an examlnatlon of the water surface profl-le and the velocltles r-pstream and

dor,mstneam, as well a.s 1n the channel clrangg itself. Slnce ctrannel clranges

generally decreea,se (n) tenporarlly and cause lncreases j-n hydraullc radil'p

and .sloper orV of the follontng effects nray take place deperding on condltlors'

(a) Ilrprrcverent of the chrannel may result ln darnagg by scour,

(b) Wher.e the cha;yrel change termlna'bes, sedlnentatlon or neanderlrg

may be lrduced.

(c) A charurel cfiangp perched above the bottcnr of the old flood

stage strearn bed nray cause the stpeam to rreturn to 1ts old

bed durlng a subsequent-flood anl danage the,hlgtnmy' Ittls

condltlon generally occurs 1n arld and seml-arld negLons.

A flatter downstream gfadj-ent may progress upstream under"cuttlng

rhe banks of the charurel clrange or r.mdermlnlng the hlgfrway 
jtl

(d )



4-608 Pennlsslble Velocj,ties for Unllned Chnnnel-s

Reconmended permlssible velocltles accordlrg to soil type are given in

Table 4-608. Of the two sets of velocltles given, the "sustajned flohrrl

values shoufd be used for j-ntermlttent flcnrs of long dura0lon'

TABIE 4-608'

FECCI{MEX{DED PERMISSIBLE \rfl.OCIflTES FOR UNLINED CHANNEIS

Tlpe of Materlal 1n Excavation Sectlon
Permlsslble VelocltY

(Feet per Second)

Fine Sand (Noncolloldal)

Sandy Ioarn (Nonco1loldal)

Silt Ioan (Noncofloldal)

Flne Loam

Volcanic Ash

Flne Grave]

Stlff CIay (Colloidal)

Graded Materlal (Noncollolda'1)

Ioam to Gravel

Silt to Gravel

GraveL

Coarse Gravel

Gravel to Cobbles (Under 6 Incnes)

Gnavel and Cobbles (Orer B Inches)

Intermlttent Flow Sustalned Flcn^r

2 . 5

2 . 5

3 . 0

3 . 5

4 . 0

5 . 0

6 . 0

o . )

7 . 0

7 . 5

8 . 0

9 . 0

10.0

2 . 5

3 . 0

3 . 5

3 . 5

4 . 0

4 . 5

5 . 0

5 . 5

6 . 0

6 . 5

7 . 0

8 . 0

o
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4-609 Clrannel Llnlngs.

The maln ptuposes of channel llnjlgp a'ne:

(a) To Prevent eroslon damaget

(b) Incr.ease veloclty to prevent excesslve sedlnrentatlon' and

(c) Incr"ease caPacitY.

Tllvo types of llnlngs are connronly'used: asphaltlc pavement ard portland

cqrent concr"ete. Asphaltlc paverent canrrct wlthstand trydr"ostatic pr"essure

ard ls not recqnrerded for steep slde slopes' Porttand cernent concr"ete nra5l be

used for pernranent constructlon under'a]l cordltlons of serwlce' seal coats

arerrotr.ecqmerdedforaperrrranentlnstallatlon.

(2) lgardarrds fof Ttrlclcress of Llnlne. Table 4-609 glves approxlmate,

channel r1l1lng thlclonesses for both asptraltlc pavenrent a'd portlard ceilpnt

conc'ete. Ttre glven slde thlclmesses norrmlly appLy to slopes f:latter ttran the

angfe of r.epose of the so11 afrd thus do not allot for earbh preSSuI€' In

favorable so1ls and ln the absence of trydrostatlc pressunet slde I1n1ngs are

ofben placed on a 1:1 slope. InTder unusually favorable condltlons' the slope

rnay be as steep as 3/ta;1. In sltrjatlons wfiere nelther hyd:rostatlc pressure nor

wear are factor^s, th floor thiclaress should be the saIIE as the sldes' IJnder

rrnfavorable condltlons, whrer"e 1t is necessa'r1r to use a slope equal to or steeper

tL rar r thea; rg leo f r .eposeof theso l l , thes ldeun lnge l ther r r raybeth lckened

or deslgned as a sloping r-'talnlng wa1l'

(l) Notes on DeslFn.

(a) Inflow fir"om ttre Sides - Wher"e the ctrarrnel lntercepts a surface

f}owft .orr thesldes,tbfouovlngrFasuresareessent la l :

.canrythel l r rJngtoanelevat lonsl leht lybelowercurdlevel ;

-Topr .event r r r rder rn ln l rg ,p laceacuto f f l lporwa l }a t the top

of the llning; ard

- When plpes dlscharge lnto the clnnnel' cut thsn flush wlth

the crrannet un1ng. 163
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, :
(U) 'Una-lnage - Whenever trydrostatlc pnessure ls antlclpatedt bolh

weep holes ard a a"?T* systsn behlrd the slde 
T 

t*

requlr"ed.
' 

(4) p}:qq?'.FvJrl$ Ttre obJect of thls !yp9 of cfrarurel pavlng 1s'pank pro-

tectto4, usqally on one slde of the charnel. llo guad agalnst undercult1ng

thereirds, the sl,ope pavlng rust be turned lnto tte bank a suffilclent depth to

provlde *""6 ;,*,"f.e", and the bottgrn of the' footftg uLtst be belcn the scour

Ilne.

STAI'DANDS FOR 0HANIEL MTNICS
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4-?00 Subsr.rrface Drafiage

lF?01 General.

T t ' e a l m o f s u b s u r f a c e d r a l . r r a g e l s t h e o f d e t r l r r p n t a l a r r c u n t s o f

gourdwatertoprovldeastabler^oadbedarrdsldeslopes.

The solutlol of substirface dralnagg pr-oblerns ofben calIs for a loxot'rledgp

of geolory and the appll:catlon of soll'nEchanlcs' on maJon problerns' labora-

tory asslstance should be r"equested'

The basls for deslgn 1s the l4aterlals Report' Ittls Report tncludes the

einolrys on subsurface cortdltlorls and the r"eccmrerdatlors for deslgn'

lherrearernqnyvarlab}esarrdrrncertalrrt lesastotheactualstrbsrrrface
mcblerns can 'bercorx1lt10ns. In g"r.Ot, the rpre obv10u^s subsurface dralnage r

antLelpated: 1n deslgn; the less obvlorrs ane fbequently uncoverred durlng corr

stnrctlon. Drtenslve exploratlon nay be r.equlred to obtatn the deslgn 'arlables

wlth neasonable accuracy. For these rea'sonst IEny deslgns ar"e baSed on loCal

exper{.ence and erplrlcal nrles whlch have glven satlsfactory results' trbr thls

nea.son nralntenance pessonnel fanllt'ar wlth the area ln questlon should be

consulted

4-7OZ Subsurface Dlscharge

' 
G"o,rrd waten, as dlst]Jrgulshed fbonr cap1lIary water' ls fYee urater occur-

rlng ln a zora of satr.rratlon below the grotlrd surface' The rate at wtrlch

gnound water can be removed, or the subsr:rface dlschargg' deperds On the

'tY' dePth' sloPe' thleloress arrd
effectlve hrydraullc head ard on the perneablll

extent of the water^-bearlng formatlon (the aqulfer) ' The dlsctrarge can be

obtalned by analytlcal r*thods. such lnethods, however, ar€ r,s.rally cr-rber"scnp

ard rrrrsatlsfactory; f1eld e:cploratlorrs w111 y1eld better r':"esults
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4-703 Notes on ExPloration'

Field lnvestlgatlons may inctude: (a) so1ls and geololical studles '

(b) borjngs, plts or trenches to flnd the elevatlon, depth and extent of the

aequlfer, (c) inspection of cut slopes 1n the lnnedlate vlcinlty, and (d)

neasurenents of the quantity of dlscharge, when feasible'

PrelJmina:ry investlgatlons must be as thorrcugfr as. posslble' recognlzlng

that flrther lnforrnatlon ls sometjnes uncovered dr:ring constnrctlon' l'rlhere

an exlsting road is part of the new constnrctlon, the presence and orlgin of

gr.ound water ls ofben Imown or easlly'detected' E4plorations' therefore' aJle

1lke1y to be fesser in scope and cost than exploratlons for a project on new

allgrnnqnt.' In slope stability questlons, &d other problems of equal jJreor.-

tarrce, an qxtensive larcwledgg of Subsr'rrface cor,ditions 1s requfu^ed' the

designer should ask for the assLstance of the laboratory 1n such cases'

In general, e:cploratlon^: should be rnade dllr'l-ng the ralny sea'son or

afber the neltjrTg of snow 1n reglons whene a Snow cover is cqrncn' An excep-

t lonwouldbewkrereseepqgefYorrrlrr lgatlonSourcesoccurs

, Ground water difflcultles flequently stem fYrm perehed water. hrped

water supply wells ofben glve unreliable lndlcatlons of the water table and

such data should be r-r,sed wi-th caution'

4-704 TVpes of Underdrains

Ttrree types of r:nderdrains are used: standard plpe underdrains' borred

horlzontal dralns, and stab1l1zat1on trenches. F?ench dralns have been found

to be r.rnrellable and are not authorlzed

(1) Plpe Underdralns. The standard p'lpe underdrains conslst of a '

perforated plpe at the bottom of a narartow trench backfilled wlth fllter

nateri-al.

(a) Slnele

cases:

Installations - Ttrls underdraln 1s conrmnly used 1n these
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-A lo r rg the toeofacuts lopeto ln te r "ceptpeepagpwf iens lope

ln questlon'stabllltY 1s not

A lo r rg the toeofa f t ' I l< r r thes lde f lqnyh lche lpurdwater

or1gL:nates'

-Across ther "oadv laya t thedor r r r | r i t r lendofacut .
!

(b) Itfultlple Installattons - tltle salne urdedraln nay be used ln a

henlragponeorothereffectlvepatterrnlnsltuatlonsll jcethe

follorlng:

-wlthinthe.stnrctura}.crosssectlonwhenaf,l l te:blanket

ls requlred'

- Ins tab l l l za t lon tnenches ln f l l } fo t r rndat lonareas . (see]

, ^ \  L ^ a ^ . - .  \

suuParaerph (3) below' )

I?}e stardard plans for:the starrdard plpe urrded{'T shog two .cnoss sec-

tlors: one wlth the fllter materlal carLed to the subgrade 1evel ard one wlth

a topplng of earth over the fllter rnaterlal' Ttre ffi"St altenratlve shall be

rrsedr.rrderapavedal4eaandthesecordtmderanunpavedarea.

(4 @' Snese are lnstalled 1n cut slopes arrl

urder fllls to.guard agalnst sI1des'

(3)Stabl l lzat lonTtenches.fheseareplacedlnswa}es,ravlnesarrd

'rder slde-hlrr flr}1s to stablr-lze watenrogged flrl fo,rrdatlon ar"eas that are

well deflned;

Reconnerdatlons as to depth arx1 wldth of tnench a:re contalned ln the

Materd-a1s Report. Trenches slrould be wlde ernugfi to permlt the use of earth

rnrvlrg equlprent. Itre side slopes ccrrronJy u^sed are 1:l'
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qLnrefiEnt€ for LtndedralnslL?Oq I)ssJ en Re tnqerur-.urrD'

'rmln lrrslde PlPe dlaneter for
(1) Slze ard Lenglh Requfu"arents' The mlnj

a standarrd plpe underdraln slrall be 8 lnches for all len$hJ' As a general

nr1e, thls slze 1s adequate as a collector or lateral 1n npst SOlls'

(2)'separatlon of Draj,nage. surface dralnage shall not be permltted to'

dlsclrarge lnto an r:rderdraln. ltle dlsclrafgg fbcryr an undefdraln lnto a storm

drain or a cuLvert, however, 1s perr4lsslble !f the outfall for the underdraln

1s not under Pressure.

(3) Clegnouts. Cleqnorrts nay corrslst of a vertlcal rlser w1th a Ught

cast lron correr brougfit to gror-yrd level' Ihe dlaneter of the rlser stra11 be

at least the dlarreter: of the condult' Interrnedlate lnspectlon of wells 1s

controlled by length, slope and so1l cordltlons'

(4) Crane nequlrernents. In gene@l, the grade should not be flatter tftan

0.5 percent; If thls slope 1s tDrobtalnable, gmdes of 0'20 percent for laterals

ard 0.25 percent for rnalns w111 be acceptable'

(5) Depth ard Spaclng of Lmefdralns. The depth of the r'yderdrraln deperds

-t the ' elevatlon of the water table' ard the alrpunt
on ihe 

permeabllltY of the soll

of drawdown needed to ensr:re stablllty. wherever practlcable, an r'rnderdlaln

pipe should be set ln the ftperrrlous zone below ttre aquifer' Tbble 4-705 glves

suggested depths and spaclng of underdralns accordlng to sol} type' It ls only

and sho{r1d not be consldel€d a pubstltute for fqeld opsenlatlons oq

local expeflence.

(6) Outlets.

1,000 feet.

OrtLets shouLd be pr"orrlded at lntenrals of rpt rnone ttnn
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TABTE 4-705

st,GGEsIED mPEI Al[D SPA0ING oF I,NDERDRAINS IoR vARIotF solxl *T

trtrote - Depth 1s npasuned tp lnvert of plpe'

4-706 TIPes of Condults. '

Tlre a1m of any Yq"ryrft 
ixstallatlon 1s long-term effectlveness' Thls alm

ls assoclated srlth fllteriJlg ablllty, durrablltty' strnength of cordult and cost'

nslrrgbetweenplpesofdl f ferentt}rpe' thelceycorr-nalnly ln that o:rder' Il cttoosrng DeEween pl

sl-derations are f11ter1rg ablltty ard dul€bl]jtty' Plpe cost a'ssutlEs secondarry

lnpqrtance becanrse lt 1s a mlnor parb of the underdraln investnent'

Becau.se open-Jolnt plpes terd to admlt excesslve sollds'-nt*: "::: 

Tl*
atedwal lsarulc losedJolntsarer.eccxrrrerrded.Theyrrrayberradeofreta} 'corr

erete, clqy, asbestos-ce$Pnt or bltr.unlnor'rs flLber' In the prr€sence of ryTlt"'

solls or waters, aSbestos-cement ard bltr,unlnous flLber plpes rprd't preference'

U-IOT Servlce I^lfe Requir"ernents.

Ihealmofarryunaefarrfustallatlonlstorrg-tenneffectlverpss.l l lr ls

aim is assoclated wlth ftlterd.ng ab1rlty, durabll1ty, st'ength of cordult a'd

D*1" Spaclrg - (rbet)
So11 Classes So11 qorrposltlon

Fb. 4 F r 5 Ft.Deepl-!-ft.

C1ean Sand

Sandv l"oan

ryl
'Clay 

ryt
Sandy CfaY

S1lty CIaY'

Clay

PerrenE
Sard

Percenu
sllt

rerrcerlu
Clay

I50-200

r00-150

40-80

2y50

20-40

15-30

20(ns:c,.

50-100

3o-60

2*50

20-40

25knx.

5o-rzo I
I

40-80

3o-60

2y50

40(na(. )

I
8o-1oo I

I
5o-Bo I
30-50

20-50

5o-70

o-20

0-50

20-50

p-20

50-70

F-50
I

F20

0-50

30-50

0-20

0-20

0-20

20-30

30-50

30-50

30-100

u0-150

50-100

3o-50

20-ll0

15-30

L0-25

15(ra:c.
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cost. Iht* tlre standpolnt of serwlce rlfe, horever, the key corslderatlors ?ry

O fllter1rg ablltty ano ounaDl-r'r'Ey'

!!:e deslgn serwlce }1fe of urderdraln l4stal-latlons shall be as follows:

' \

sernrlce I1fe as cross

(b) 25 years for r:nderdralns outslde ttre roadbed'

(c) 50 years for stablllzatlon trenches wlrerne the correr exceeds

the antlglpated serrrlce ]jt-fe of plpe rptal shal] be determlred fr"qn pH ard

r"eslstlvlty tests covered 1n Test Method No' Callf' 543' Plpe servlce llfe

nray be lncrneased by a bltumlncnrs coatlng'

Thegulderraluescontalredlntttetablesrnentloredabovereybe'rpdlfled

v'her.e flLeld obsenratlon of exlstlng lrstaIlat1ons dlctates the use of other

values.

4-zo8

Fbuot#xg are tne types of urderdraln lnstallatlons r"elatlve to co.nurt

char^acterlstlcs arxl arrtj-clpated service llfe'

(1)Operl:. lolntltndqfdralns:Clayrconcneteardponousconcrete'dralrl

t1le rnay be }a1d with open Jolrits. These dr:alns are effecblve ln coLlectlng

s'bs,rface water ln areas of coarse gralned soll wher.e the afrn1ss10n of eXCeS-

slve. solLds through the Jolnts w111 be eontnolled' Thls type of constnrctlon

1s appnoprlate for lnptallatlms w1th a Z*yeat deslgn servlce l1fe' ' These

plBes are not sulbable for use ln shalloe lnstallat tfreV woff be sub-

Ject to danage by corstnrctlon traftlc'
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(2 ) Perforated PlPe LInderdraln's.'

(a) Honnetalllc P.lp"' - Perforaled plpes of bltyunflous flber ard

c laynraybeused lnso l l so f }o . l res ls t l v l t yand ln th .ep l "esence

of hlghly aggl'esslve so1I or water'. Perforated a'sbestos eerFnt

p ipemaya lsobeused.Thesep lpesaresat ls fae tory ln longJ- - .

tudlnaldralrrswher"esettlerrentlsrrotantlclpated.cal.enrl

conslderatlonlsreqrrlredbefor"errslngthemlndeepstablllzatlon

trenches whene settlenent ls antlclpated or ln sha]lor lnstalla-

tlors subJect to d:,,,,,,,,,,,,,ry49e'by constnrctlon trafflc' such as urder-

dratns tdthln the stnrctural sectlon' Wlth these llrnltatlons' thls

;^vrrnr late for hstallatlons wlth a 5O-year servlce llfe'
goup ls appr"oprlate for lnstauaur.ons wrr

(b) l {etalPlpes-Perforatedplpesof 'cornrgstedretal(el therof

steeloralunlrrr.urr)aresatlsfactoryforuselnthestnrctural

Oparagraph (a) above' Hovrerrer' trplr' 
sltuatlons r€ntloned ln st

use!scontl4gentuporrprovtdlrre.the.necessalTprotectlonaeFlnst

comoslon ard ,abr.aslon rrrtre'e ttrls'ls iustated by negulaenents of
' 

,riotnr:La.]..
Lon ard llrnltatlons of the plpe naterial'

the locat:

.Perforatednetalplpeun4erdralnsgrayberrsedtothernaxlrn.utt

helglt of covelr rcqulred for culverts of s14r11ar dlareter'

Steelplpesa:reappr"oprd-ateforlnstallatlonswrtha50-year

deslgn senrJce llfe ard *1r1rl- plpes for lnstarratlons

Z?Year deslgrr serwlce l[fe'

4-709 Selectlon of lVPe i

:ln cases wfierre rpre trran one naterlal npqts the fgl"egolrrg strPctnral'

corroslve, abt€slve ard deslgn senrlge,lJfe expeCtangv neq - ts, alternatives

may be speclf:led m the basls of optloral selectlon by the contractor' Trle

serectlon of a sl-ngle type of urderdrraln nay be appnoprlate due to other r"erated
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factors. Ttrls selectlon sha]l be supported by conplete arTalysls of all nelated

Oat"rors ard dOCr,unentatlOn shall be plaeeo on Il-Ie arr Lrts LtiDu-rrvv'

4-800

4-801 l\mctlona1 Plantlng. The prlnrarry goals of functlonal ptanting are:

- &oslon control,

- Tbafflc safetY,

- Reductlon of flre hazarrd, ar'Id

screenlng adjacent property fleonr trafflc slgfrt and/or sound'

I '' but of secondarxr beneflt'
The aesthetlc effect derlved ls lrrportant'

4-802

regardlng planti:rg should be consldened:

(1) In determlnJlg the category of plantlng to be used for a glven

O p*i"ct, both aesthetlcs and fWrctlonal reeds are conslder"ed'

(2) In,no case w111 the county pr.onote landscaping projects for the purTose

of contr"ol of advertlslr,g dlsplays

the o.rtdoon Advertlslng Act b-elng effectlve on carpletlon of the project'

4-803 Road.slde Tf"egtrnent.

The most pleaslng ultlmate aesthetlc roadslde effects can best be developed

with easy fl61rrtng contours. contour gradl4g 1s lnportant jn noadslde prepara-

tion, eroslon control and 1n the malntenance of plantfngi

Ttre rlght of way llne shouu be the contlol for tfn slde slopes' Thls

applles to lrreguLar as well a.s u:lform rlgfit of r^ray'vddths: The toe of, slope
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re nllgfit of way llre when slde slopes a:ne flatter
shall be at least 5 feet flom tf

than 4:1, otlrnvlse thls dlstance shall be 10 feet' Ttre cos: of "t*t*jtTl

loPes nraY sonetlres exceed the
plantlng ano per?etual nralntenance of steeper s'

cost of the addltlonal gr€itlng and rldht of w41 requlred to provlde a flatter

sIope.

4-804 $St Dlstance and Safety RequlnenEnts '

As sl$rt dlstance and safety ar€ of pr{-nnry lnportance' these consldera-

tlons must not be subordlnated to aesthetlcs'

4-805 nroilgq-Contro].'

A general dlscu^ss1on of ernoslon control 1s

Contrpl on Callfornla State Hlgfmaystt by H' D'

D1vls1on of tllgfrwaYs '

glven ln fte booklet, 
tfEroslon

Borers, pubLlshed by Callfornla
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SNCNTON 5 - BRIDGES A}ID SIIRUCTI.]NES

5-100 C.eneraL.

tl.urboldt county has 166 brldggs ln lts roadway system (1970 lnventorT) '

I,lrrry of these stnrctur-res are old and 1t 1s anticlpated that new brldge r€corl-

stnrctton and brldge lrrppoveqrent psoJects will contlnue to be a slgnlficant

f\rnction for the Coturty Departnent of Rrbllc Works '

the coltnty faces two baslc pr"oblems 1l1 thelr brl$ge malntenance functlon'

F1rst, w.rrl.le the traffLc volr.ups on nany county roads a're low' the nature of

ruch of the traffic (Ioaded loeglng tnrcks) 1s such that stmcttual lntegrity

1s crltlcal. In other wolds, wtrlle nrafrlr brldges are not used often; when they

-  ^r{ -an +a #ha{r  nanae' l f rv-are used, 1t 1s ofben to thelr capaclty'

Secordiy, tnelgeolory ard drahage corrdltlor'rs of the Cotnty are such that

the beds and banks of stream and nlvers a::e less than stable' TYrer"efone'

nnrch plaprrlng and extrene ca;"e a1te neeessar-Tr to protect the major lnvestrrents

rthlch each new brldge nepresents'

f thecr l t l ca l * t . , *o f f l rd l r rgsuchbr ldges , l tbecorpsa l lBecause c

' inpor ta f r t tha tcons t ruc t loncos tsanehe ld toamln fururn 'Tk t lscanon lybeacco l tF

pllshed by deslgnlng trte br1dge to aecqnnodate mfurfirn'un countv needs' Llttle

can be dorp to 'educe costs of provtrdirrg for stnrctural lntegrlty and geologacal

ctlons may be r.ealj-zed ln the deslgn of roadway
stablllty; however, eost reductlons malr De r€

width.

For lo lvolr .ureroads' thelncldengeoftraf f , lcconf l lc t (hor ' lofbenvehlc les

neet ln opposlng dlnectlons) ls such that two-lane br"j-dge wldths ar"e seldom

requfu"ed. The ltexlstlrg trave1ed way wldthrt 1s often a poor crd'terlon for deslgn-

lng brldge roadwaY wldth'

!l[en deslgnlng brldgesr traffle safety should of course be corsldered'

O O:l two-Lane County roads which are surfaceo ano pnf,\Ilue rErclrvrve+v r*6'
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mob1l1ty, it could be hazardous to introduce a single-]ane bridge to the.

nrotorlst. However, on two-lane unsurfaced noads or two-lane narrow surfaced

roads which have tow trafflc volumes and whlch prrrvide for relatively Iow

moblllty with adequate sight distance, a slrgle-1ane bridge would be adequate

unden many clrcumstances. ltre cost of the additional lane could not be offset

by addlng a sn13ll and lnfrequent convenience factor for a srnall nwnber of

County rrradway users.

5-101- Objectives and ScoPe.

The obJeetlve of this Section 1s to present policy, standards, ild

practlces for the design of bridges and structures. The standards are re-

strlcted to basic georetrics; the balance of standard specifications are to be

found in the State Bridge lvkrrual.

O 5-102 Poricy.

5-102.1 Baslc Brldge Roadway Wldth - It ls the policy of Hunboldt County

that bridge roadway wldth shall aceonnrodate nnrltlples of flrIl lane wldths.

.a  - .  -'5-to1.2 
Bfidge Constmctlon Standard.s - It ls the policy of H,n6oldt

cou:rty that ca]lfornla state Dlvlslon of ltigfrway bridge constmction.speclflca-

tiorsarrdstarrdarlcsbefollowedwhendesigningCorrntybridgesandstructures.

F.IOO Bridre Standards

5-2Ol Nr@gf-gl-I€!9g.. When detennlntng the requlned nr:rnber of brldge lanes'

the following factors should be consldered:

(r) existing traveled way and shoulder lridth (roadway),

(2) Existing bridge roadbed width (if applicable), .

(3) Existlng and projected traffic volunes (incldence of conflict)'

(4) rype of vehicl-es (present and proieeted 6aEe)':

(5) Pedestrj-an usage' 1 7 5



e requlrenents (federal'
(6) L,egal vehlcl

(?) County land' Use or Zonlng P1ans'

(8) Exlstlng deslgr speed and posted -tpu"d 
of tangents

stabe, county),

-leading 
to' the brldge'

' :

(9) RoadwaY surface tYPe'

-4 r--.i;.* rapcrls gPOfaf!)t
(10) Naturre of brldge needs (pernranent vs cel

( 11) Maintenance rrequirements'
,

(12) Costs (corstruct ard malntalrr) ' ard

(13) ConmunitY needs'

I deslned nr'urber of brldge lanes for each
Tfie Tbble below reelates the

standar,d Roadway CategorY'

TABI.,E 5-2OI

NUMBffi OF BRIDCTE IAl'lES

FOR BOADuIAY CAIEfORIES

upon trafflc volurrp. All factors llsted 1n sectlon 5-2OI should 'be consldered'

o-25

2'.259

100-400

250-1000

1000-10000

1000-10000

5000 & above

I

1

l-

L o r 2

2

2

Sare as f?afflc
Ianes

I-Slngte tane (Narow)

2-Slngl-e Iane (I\rrnouts)

3-Sinele Lene (Wlde)

4-Tlvo Ianes (llarror)

5-t\ilo Ianes (Wlde)

5-Tvro Ianes (Roadv{ay Parkin'e)

7-l{u1tlPle (3 or rx'rc)

fhe selectlon of the nr-*ber of bridge lanes shoufd not be based entlnely

1 ? 6



y2o2 Wi-otlr Qr Roadti?v. lRoadbe4)

' t t rewidthof theroa$avfors1ng1e-1ane.br idgew111betwe1ve.(12) feet .
t

T h e w 1 d t h o f i t h e r o a d w a y f r r r a t w o - r a n e . ! r 1 d g e w 1 1 1 b e t t e n t y - f o w ( z 4 ) f e e t . �

Fbr short brldges wher^e the savlrgs of pr"ovidlrg narr€N wi'dth would be m1nlrnaLt

i the wj'dth for the brldge roa'dway '
f\rl1 appr"oach roadway wldth nray be consldered a

Addltironal wldth for curbs, sldewalks and other needs should be added if warranted

. D-o l'rrvrrp f.han t
by local corulitions to the above stated wldths' For multiple lane (npre than two

caa #l.ia Qrara T)r StaffdafdSlanes) brd-dges, see the State Deslgn ltlanual for standards'

Y2O3 Brldee I€nglh

Ihed l f in l t lono fabr ldge(Sect lcnr l )spec l f les tha t i t i sas tnre ture

with a span bf rnor"e than twenty (20) feet'

The r"equjred length of a brldgg should be calculated to provlde for probable

- eroslon of stneam or rlver'bed banks and utren such errcslon is antlclpated, the

t 
stnrctural lntegrr-ty of the brldge should be lnsured by the placerent of suppo*L

structrires (piers and abutnents) well onto or lnto stable materlal' ftre senrj'ces

of An experlenced geologist engineer should be utlllzed erbensively'

5-204 Vertlggl-Clearance.

Ttre vertlcal clearance ior bridges shall be that which is specifled by

State law, currently this 1s sixteen (15) feet' If sr:rface treatnents are

antlclpated for the bridge , extracLearance should be planned initlally'

5-2A5 Cross Sl-ope

The cronm ls normally centered on the brldge except for single-lane one-

way bridges where a straigfrt crsss slope ln one direetlon or a leve1 sectlon

shalL be used. fhe cross slope shal] be 2% or'Supel€levated as requlred for

O horlzontal aligrrnent geonretrics'

177



5-206 Structure Design'

See State Bridge Design lvlanuals' Volures I'

standards and specifications

II, and III for dbtail-ed

5-300 Retaining \^la]lF

(1) Canbilever Wal}s. In general,the cantllever type wa1I should be the

nornal selection for aL1 trocatiors where the heigfrt of walL varles up to

thirty-slx (16) feet. A11 other types should be consldered to be speclal cases'

(2) Counterfort walls. These walls should be used where a minlmunr deflec-

tion of the walr is desirable. Because of the dlfference in deflectl0ns between

cantilever.and cotinterfort waI1s, lt is not good practlce to mlx tlpes wj-thout

nraklng sonte provision for nasking the differential deflectlons by an offset

in the wall llne at the Jwrctlon of the two types'

(3) Gravlty walls. wrrile the econsnlcal nn':cinn'rm heigfit 1s approxlmately

six (6) feet, it i" pennisslble to u,se gravity wa1}s 1n co4junctlon wlth the

cantilever tJpe if the heigfit ls below sfx (6) feet and a consldertble lenglh

of waIl is lnvoLved'

(4)cr ibWal ls .cb lbwal lscorrpensateford l f ferent la lset t ler r renta long

theaxlsof thewal lwher .eas- thethr .eewal lsr rent ionedabovewou}dshowslgns

of loca1 failr.rre. Followlng are the apprcved types:

( a ) M e t a l t l r p e - T h e r r e t a f c r l b w a l l l s o f b e n u s e d w h e r " e t h e

cos to fconcne te l sh ig | r , as innpun ta lno r ,usa rea ,S .Th l - s

wal l is l lght inweig| r t ,eas i ly l r rs ta l ledarrdqulck lyp laced

and is therefore ideal for erergency repairs'

(b) 
::::ffi ::';:".:;: ;::':":: :ff;l:
are also well sulted to scenic areas'
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(c) ,Timber Tfpel- T.hls type of wafl- has rustie aesthetlc vatrue 1n a '

:-- ervice I1fe of a tlmber tYPe '

crib wall is substantially less bhan other typ:es and is norsalvable'

:as on detours and stage constructlon'

( 5 ) C o h e r e l e B l q c k W a u s . T h l s t y p e r r a y b e u s e d e i t h e r f o r e c o n o r r y ,

aesthetics or both, where the wal1 height does not exceed six (6) feet' l4hene

---L L^ +L^ +^h , :d r"ai1s should be set back at
traffle 1s affacent to the top of the walI' gua:

,least ttrree (3) feet fYom the top fYrcnt face of the waIl'

and ordlnarllY

sQmedecreaselncosteanbereal lzedbylndiv ldualdesign; for t 'henorrna] . , " * " ,

h o v u e v e r r t h e c o s t o f s p e c i a l d e s l g n s w o u l d e x c e e d t h e s a v i n g S ' I n a l o n g n r n

of wall of standard deslgn, zuch a.s a'wall between rrcadvlays on a sldeh1ll' a

I 
speclal deslgp could r"esult in considerable savings'

1?,J



sEcHON o - wuri srmpnro$ n{D poucrr'l

6-100 General.

5-ror Ob.iectlves ard ScoPeq

It is the objectlve of thls sectim to pr^esent pollcies' starrca'rds' and

less openlrgs '
ba.slc grrldellnes for deslgdng 'noadvlqy 'appertenances such a^S access opelBrt$s r

curibs rl gutters. and peaestrian f&lll-tles, arnong others'

Gluoz Pollcv.

I t t rs thepo l lcyo fHr : r rbo ld tCounty tha taccess6-102. 1 A*:se-Eejns? --
he DePartnent of

openings to. Cotmty r"oads shal1 be approved by t

thepollcy of Hurboldt Copty that all constnrctlon
6-ro2'2 Drlvew4vs - rt'rs 

1; 
*j:::-t-- 

em shall be zuthon-
tocorrnectdrlvewaystoCountyroadswlthlnfi€lltaintainedsv:t

lzed by a rralld pernrl.t (see Hwrboldt cotllty Brcrroachment Permlt Ordlnance) ' Tlne

the r^esPon'slbllltY
constnrctlon, r'epal" '"a t*fttttt-te of all drlvarays shall o" -.'- 

. 
---

;he abuttlng property' Ihls respon-'
,of the property cillner, developer or tenanb of t

slblllty shall include the entfu'e area of drlveway flom the edge of tle e:dstlng

parrenent or traveled way to the property llne and shall lnclude atl culverts or

other strrrctUr.es necessally fof proper dralna€e contrrol'
: 

b ft the pollcy of Htjnbotdt Cor'rnty
' 6-].02'3 

0rk for curbs'
tnat the Departnent of Prrbllc works shall perform all survey w----

guttem and sldewalks'
dt CountY that noad-

6i[OZ.l| Roadslde Facllltles - It 1s the pollcy of Hurbol

slde facllltles such as Pedestrlan wall<naysr Sldewa3tcs ssl;€Ql'lv

emonstrated to the Board of Super-
t r �a1]swl l lbeprrcvldedonlywtrerel tcarrbedemonstraEeq' : :

v:Lsors that they are needed or destable and that these facllltles w111 be

deslgnedwithsafetyandeconorvastheprt'rrraqycontro}factors.

&izoo standardo a4@' 1 8 0



6-210 Access Openings - Gene44l'

: ^ .
Contncf'Qf access 1s achleved by acqulring rlg[ts of aecess to the hlghVray

f}om abuttilg property owners and by permltting lngrness and eqqess only at

locations detennlned by the county. Roadways with access control r^equil"e fencing

or pa-rriers:--nalura1 or 1nstal1ed! The term Itaccess openlngrr applles to openlngs

througfr the rlgfrt of way line whlch senre abutting land ownershlps whose renain-

of access oPenlngs
ing access rigfrts have been acqulred by the CoytV' The ntlricer

on roadvuays with access control shaLl be minirnized.

In ease of a large *g.*tu fY,dntage under one oldnelashlp, the cost of

llmlting access to one opening may be pr"ohlbitlve, or the property nny be

: h a s a s t r e a m o r : : l d e e ' m a k i n g l t r e c e s s a r x / t odivided by a natr:ral- barier su( r rllogee Ilriilarr$

prnvide an addltional'openirrg. In the trater ca^se, 1t may be preferable to con-

nect the physically separated porllons with a l-ow cost structr-re or road, rather

than permlt two oPenings.

The desi-gner should work 
:cl-oseIy wlth the rigfrt of way agent to determlne

the nrmber, location, and category as bo land use of all prrrposed access openings

on the prrcject glvi11g conslderation to each indl-vidual parcel' . '

'Recessed openlngS are desired at all polnts whene private access i-s per-

rnitted ald shal1 be provlded whenever they can be obtalned wlthout r"equirlng

alteratlons to existing, adJacent frprovements'

rino two narcels rable' When polnts
A jolnt access opening serwing two parcels of l-and 1s desl

of prlvate access are to be provlded wlth surfaclng of sufflcient width and

'afflc, such sr.rfaclng shall extend
structural strength to serve the anticipated tr

fncm ttre edge of the traveled way to the rlgfrt of way line.

-^ --^
Access openings may be dellneated by cr:rics and tlre actual openlng 1n the

l - � - � 2  -

fence may exceed the openlrg between curbs. Thls type of deslgn nray be r'used

^-. at alt access openings whether recessed or not '

rt

l B l
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6-zro.1 Agciis .ope,r.ltrngs -,st?nd?d.s - [lte naxjxun wldth of opgnlng'
' -

based bn Land use, shall ,be detennlne.d f!'crn 1b'ble 6-210.1. - :

MAXIMIJM WIuIH OF ACCE.SS OPENII'IG

20

30

30

Road
Ivlultlple Use
Wldth (Feet

Besldentlal

Agrl.cu]-tw-€.

Ocrirerclal

15

20

30

40

40

6o

6-220 4e,q*de,ntial 9nd CernerclAl Dr'lvewayS

for lssulng an encroachment perlnrt for a drlveway bhat the appllcant lnprrove the
'  :  

+ h a  a v { c f { n c l  n a '

stnrctrral sectlon of the shoulder qrea bgtween the existlng pavenent. and,the

curt ltne. He rray also be r"equfu.ed to corrstruct a concrete curb and 'gutter on

the crrrb }lne and provlde a waUway area for the entire length of the property

,aOuttfng the County road. lhe struetr:ra} sectlon shall be determlned by the

Dfuector of Publlc blorks.

ntY Encr"oachrent ffilnance
Gi220,2 Standards - Refer to !{urboldt cornty tsncroacflIEru

,coverlng Otf.r""rVs for standa3rds segarXlng corstnrctlon and ]ocatlon' A16o'

see Flgur"e 5-zzo.z whlch ls a drawlng of drlvaray stardards

1 8 2



Flgure 6-220.2

: .
F. C. CONCRSIE DRT\IEilAY DETAIIS

(n-. <o,--J
e:;

1 8 3



6-z:rI grr+1"lqpt9"i. fl.d plqttFrt sttr$FTdP'
trvey and set the

6-230,tr Ge,ne{a}'* the Depgrtrernt of fqbllc Works shaIl st';

required grade stakes for constnrctlng eurtsr 6{rtter"s or 

lraewal"}cs' 

*t*

rn- upon tfie tt"rt"f"O way, adeqrrate provlslon's
constluctlon opera!1ons encroac

- - - ! - - ^ r  ^^ - . ' ^6 {ah^a And Se le tv  OI  l r l l g

wlrr be r.equked for proper traff,Lc contr.ol, eonvenlence, and saf,ety of the
t

pqblle. Tte builder' shal1 also provlde access to aI1 pr"opertles affaeent to

th9 Co-u1tY .9?q at all tlrres'

le shall be corstmcted to ga'de
$;1JO.Z StanOaf"OS - Cldnefat - TtIe Stg3gr"afte SnaIJ- De ce'tDu'*\ivs\r wv 6A*l'

cross sectlon as directed by the Dlrector of Publlc Works' Properly constnrcted

nnved in less than one hour or
fonrs on the frontrof the cr:rt shall nclt be ry

rpret f r* .s lxhou:safbertheconcretehasbeenplaced'

Expanslon Jolnts, one-q,:arber lnch wlder'shall be constructed' at all
i

returns .*d'ut rnterrrars of twenty' (20) feet. Expanslon Jornts sharl be fllled

wtth pr.e-npulded Jolnt f1l-lier conformJ-ng to the speclf:lcatlors of A'yIM Deslgna-

tlon D175tr.

f] curt and gutterr lJastallatlons shall be provlded
Ilre l1nes and gades of a-* -- -_. 

. :: 

"::::^;

by, or appr^orred by, the ulrector of Publ1e Works' AIL work shall be perforned

-1 conform to CountV speclflcatlons'by the prgperty ov'tner and shall conform to cot
/

6..�2|30.,3SldewalkStardards'Offtclalsldsrralkwidthwlllbethoselfldths

determlned by the Departnent of Rrbllc Wor'ks, O"*,t *t-'tt of four (4)

lnches thlck wlth a cross slope of one4r.rarber (V4) lnch per foot toward the

er.gdc gr.ade. In resldentlal drlveways, the sldewalk shall be at lea^st s1x (6)

llehes thlck and 1n eoncTFrclal drlveways, elgfit (8) ucnes thlck'

Itre surfaee of the sldewalks shaIl be scor"ed lnto rectangles of not less

:oncroete sldenalks
ffian slrteen (16) or m)re th€n thlrty (30) squar"e feet. No c

€ 1n Place' or' a're constrrrcted at
shall be constnrcted unless concrete curbs ar

the eane tlJrF. ElgUre 6-230 shol,rs a typlcal sectlon dralriJtg of a sldet'valk'

GZ3O.4 C\rrb and Gutter Standargs - Figure 6-230 shows typlcal sectlons

of six (6) and elgfrt (B) rncn curbs with gutters. Ttte deslned starrdard dilnerF
-  1 8 4

sions are shown on thls Figur"e'



lu-roo in ;*s.".r;* +u **q ooo"qa,",*l

Figure 6-300 detalls a typical desired publlc rrrad lntersectlon showirg

desired dlnrenslons of access openlng, lncluding radius, wldth, and slght dis-

tance guldes

6-400 Pavenent Tbansi-tlonq
-

Deslgnstardardsofthevarlou^sfeaturesofthetr"arrslt ionbetweenroad-

rith the deslgn standards of the
beds o.f dlfferent wldth shor'rld be corslstent u

superlo: fac11lty. Ttre transltion should be rmde on a tangent seetion whenever

possible and should ..r9j.d Locatlo wlth horizontd'J' and vertlcal slgfrt dls-

tance restrictLons. l^lhenever feaslbIe, the entire transltion should be vislble

rerer section' The deslgn should
to the driver of a vehlcle approachlng the na:

ntersectl-ons atr gade wlthln the trrarsltlon area are avolded'

1 8 5
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6-500 Pedestrlan Fael]Iti-es .

G5Of $ldewal&s. the Oounty rnay assur-re flnancial r'esponsXbtllty foT the

constnretl0n of slder,ralks under the cordltl0ns described be10w.

,(I) fieplacenent ix K1@ - llhere exlsthg sldevnalks a:ne to be dtsturbed

L -  L I

by roadway constnrctlon, the ne-placernent shalL apply only to the flontages

lnvolved ard no other sldewalk constructlon, such as closLng exlstlng gaps ln

sldewalks, sha1l be authorlzed except as lgrt of the rlght of way agreement'

(Z) C,onventiopal glgfrways - The roadsmy cross section generally f\Enlshes

noadslde area"s and, if the nunber of, pedestr{-ans 1s suffllclent to lnterfer"e wlth

tr.afflLc, ttq crlty or property o!{ner, rvhose roadslde developnent lndueed the
i

peaestrtan traffllc, rny constnrct and mafrrtafn on Cor:nty rlgfrt of lvay

under a Permlt

(3) ItxterctEnge Ar"eas - Sldeunalks nray be constntcted wfiene necessary to

conngct a9 exlstlng systenl of sldenal]cs to provlde passage for pedestrlans

acrossthenoadvlayr lghtofwaj lorwhenesuchsystemlsjrrmlrrerrba,sevldenced

, by srrbdlvlslon actlvLtles 1n the 
lnned.late 

a:rea of the cnoss r"oad'

(4) Separated @ss Streets - Slder^ralks rny be constnrcted on sepal3ated

cnoss streets wher.e reconstrtletlon of the cross strneet is rnade necessary by the

r"oadr,ray pr"oJect dnd where the warrants of ltem (3) above apply' .

(5) Fbot pgths - Ihe con^stnrctlon of foot paths dlffers the usual-

sldewafk lnstalfatlo4 only ln standar"d and cost, but not 1n pr'j-nclple. At

lntersectlons l*rer"e the adJacenL area 1s developed and a slgnlfllcant volure of

pedestrC.an traff,lc 1s antlelpated, an all.;weather foot path ray be pTolfled

across a trrafftc lsland.

1 8 8



lO-Ooo Equestrlan or 81cve1e Facllltlqq.
U

n1e Cor.urty rmy acqufu"e adequate rlgfit of wqy near noadvrays 1n soqe rural
' :

focattr'ons to provlde for equestrlan tral]srof faclLltLeq for rldlng.blcycles.'

llher€ suctr facllltles ar]e planred, adequate safety ilreanur"es rrust be talcen to

proteet rlder ard qnl{n I art to prcve,ry hhderranee to rnctord-sts passlng by.

deslgn englneer a;rd appr"oved by tte Dtrector of Rrbl1c Works.

GTOO }tater{.al Speclflcatloh ard Slte Selectlon.

GTot General.

Dre to ttre lack of large,quantltles of hlglt erlaltty road bulldlng

materLals, th deslgn of stnrctural sectlons noot furcfude wrltten speclflcatlon

of qr:antlty arrt qualfty of naterlals. The lnportance of raterlal 1s such that

I 
County roaqilg{ des$1ers shgu}d be fardllar wlth lnvestlgatlon ard testlng pro-

cedures, an4 wfth procdqrgs, for selectllg raterlal sltes and dlsPosal sltes.

ryCtual infonratlon obtalred ry such lnvestlgatlons shall be nade r"eadlly

avalranle to pfospectlrre btrdders ard contractor"s. Ihe responslblllty for lnten-

pretlng such lnforrlr1tlon shalf r"est wlth the contrractor and not wlth lhe County.

No materC-al sltes or d1s_posa1 s1tes, except nrardatory sites, w111 be deslg-

)1lcY 1s to avold sPecifllngnated ln the speclal Rrov1s1on9. The general pollcy 1s to avolt

narxlatory sources. Data ln support of such sources m.rst show certaln ard sub-

stantlal savlngp to the Oounty. l{andatory sources w'11} be speclfled on Fbderal-

ald proJeetg onJy qrxler exceptlonal clrcr.mstances, and prlor appr"oval of the BPR

w-111 be r"eqr.rt-ned. Srrpportlng data ln such ca.ses shoul-d be submltted as early

as posslble, a,s 1t rnust go to the Washlngton offlce of the BPR for declslon.

Itrts pollcy arrl r.eqtrlrernent also applles to dlsposal sltes.

1E Ii



fnfornatlon on aIl local sources lnv3stleated and shal.l dlsctuss the qualltVr i

. . . .
cost and arrallabl-llty of rnaterlals flom.ccrnerclal p1antS' Ihe fact. that

materlals sltes are not deslgnated ln the special provisions does not r"educe

the lnportar-tce of tnorrcWfr e:cploratlon and testllg. Any dlscu'ssion of the

qual1ty, sr:ltablllby or quarrtlty of materlal 1n 1oca1 materlals sltes necessarxr

for deslgn purposes shorLd be lncluded 1n the m,terlals r"eport ard rpt noted

on the test neports. For any potentlal materlals source e:cploned or testedt dl

Uortrrg agd test data rrmst be f\r1i-sned, 1nclud1ng those.tests vltrlch lrdlcate

unsrrltable or inferlor nraterlal.

G7A2 },lgterigls Inf:ornatlon Ihnnlshed to Prospectlve Bidder€.

It ls the lntent that all test data for prrelirni-narry tests of local sources

whlch mlslt be conslder"ed for usie on a speclf,lc proJect w11] be f\rrnlshed to

ler.s on that proJect. Itre follorring lnformation should be

included:

(1) A cover page showlng key: lnforrnatlon, an lndex and agfeelrents,

(2) A vlcjnltV mPr

(3) A nrap of each mater141 slte'

,(4) A tabulaf,lon of test data '

(5) Coples of opti-ot1-s or agreenents, and

(6) So11 survey sheets.

Maps, test r"eports and other data lncluded ln the rlllaterials Infornatlonrl

I trrrt mav lnclu rclu.slons or oplnlorS aS to theshal1. be factual, but nqy tnclude cTne:ts' con

qr.rallty, quantlty, suitab1llty, depth or area of the materlal ln any local

rnaterC-als slte 1f these oplnlons are clearly lndicated as such'
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SECTION

7-100 C'ercrtaL.

7-10f ObJectlves ard ScoPe

lhe obJectlve of thls sectlon 1s to pr"esent baslc and gecrletr{c deslgn

standard.s whlch correspond to each Cognty Classlf,lcatlon Systern noadmy

Categor,y. ltre Classlf;lcatlon Systern ltself 1s ery]alned tn thls Sectlon ard

also rncruoea ls a nefenence srlde r,nrrcrr ldentlfles rna'djn'm arfr/or rntnlrn'un

starnarA rralues for all geollFtrlc t1oagtay eterrents' the speclflc sectlon of

trle !tranual whlch dlscr.sses each deslgn element ls noted on ure roefenence gulde.

T-LOZ PoILcY.

7-LO2.t

. lti ts tne poffcy of lh.uboldt County that deslgt of new r"oads

ls wIIl be based upm pr"edeternrlned Roadlray

C1a.sslf,lcatlon, Use, ard Le-rrel of Serrrlce factors. Futhermolier each ner^l r"oa&tay

deslgn wt1l r.eference the appnoprlate category cla^sslflcatlms

ng the Classlfllcatlon SYstern -
7-102.2 -COryrn+rtiatlng ry1th. tlre Ptrbl'lc Uslng't{p ul.assu}c

It 1g the poltcy of Hr,urboldt- County that dur{-ng dlscusslms: t*"1nry' etc; '

;tude tfielr CorrrtY
l1voIvlng the publ1c, references to the speclflc roads wr1l lJ19

classlf,Lcatlon deslgrlatlon as well as Use, Lerrel of serrrlce ard rSrpe' or cate-

better urder"standlnggory to Pr"onote better unoersta

7-2OO Desipo: Stardard Elerents

EfgUrp 7-2AO ls a baslc refenerce gglde rritilch contafust for each deSlgn

a functlon of
elerent, the range of standard values (rrarlatlons arre prdnnrlly

traff;lc vo},utg- or deslgn speed). llre baslc factors $rl]'cn co']ir

ra:ne noted and the lr{anuar sectlon ruuber *her.e fl.'ther detar.red llforrutlon nay

be located 1s also lndlcated.

r.91
, ,



Flgure 7-2OO

ESI(N SfAM'AM - @KE qJIXE

rtrc

(s) 2-213
(r) 2-213.r

(s) 2-214

(s) 2-3rr
(r) 2-3LL.l
(r) 2-31.3
(l) z-:ltl.l
(s) 2-34r
(s) 2-31?
(s) 2-3U.1

(r) 2-31r.? :
(r) 2-3u.tt
(r) 2-3U.5

DoEl?Dhlc

x*p

)ads1de
Gect,rrlcs

(F) 2-3111.-

(r) 2-315.2

(s) 2-323
(s) 2-325

(s) 2-?1
(T) 2-32r'r
(T) 2-321.1

G) 2-321.r

(s) 2-321.3
(T) 2-3r.3

(S) 2-*'.2

1sy 2-3a6
1s; 2;326

(s) 2-3?

(s) 2-331

(s) 2-332

(s) 2-333

See Sbate Deslgt



o
7-300

Ihe Connty noadway classlftcatlon systen ls an lntegral Rart of all road-
1

way deslgn prrcJects. Ttrls system w111 p:rovlde the ba'sls for nelatlng Comty

standalds for the deslgr of rren and lnpnoved
noadway user needs to reallstlc

roadways. nfsye 7-300 1s a nap of a selected sectim of the Cor'lnty rnalntalneO

system. Each road ls deplcted uslng syrbols re

tronar elasslfteatj-on eategor{-gs: Arberl+r_ couectorr ard A1c

D.re to the exlstence of a stale era.sslflcat1m system for cotlrty ngads '

carerru.stbetakentodlstlrrgul.shbetweenthetwosystemswhenevertheyare

rcfe;nced rbr 
{$.stra!rve 

deallng' wlth the State, thelr cl'sslf,lcatlm

w111 be r"eferenced. Ttre lnrrentory of Courcty ryads (data processlng pr{'nt-out)
- l

provlded uv trrg state cteslglales all roads wlthldl the cotnty as:

FAS, 1

ArtenlaL,

Cotrla?tor, '

l.{lnor * Rlr4},

Mlnor - Urbanl

Select hrral'

Select lltan' or

State }IlgtuaYs.

1 9 3



c)
Iz

r C )

: F, ( A

, H .
; E
. H
o
E
H .'.2

' o
F4t

$'D
a

tFt

z
p

u
FI
E4cl

E
.H

19.{

T t ' - l t

l : f ' l t F '  
-  

i ,
t .

t ? ' r b t ?  |

* ,
?



I

rslftiatlon. the State lnventory of Courty roaps. . 1 .  : - .

.Besid€sttreoesler-Iated6lnsgtflcatlon'thestatelnvenEorv:.

contatnslrooad ldtentlficatlm data, rcad lenglh' right of wal,_ anO tt1t1 for

each ""ad. [?re county tnventory' "'nbr,,q th.e above }!.sted lrrformatlon, the

Corrrtyts clasqlftcation and "tt* pgrtlrent data'

t t"ant roaftray deslgn practlce baslcally speclfLeS deslgn stardands for'

,**rv, accord$g to the deslgl holr voltne (DI{V) of traffllc nhlch 1s expected

rdlt be sPeclfLed accordlng to
of the rcad. Hr:nboldt CorrnLy destrgn stardarrd's t

the tfUsdt, ard rrlevel of Serwlcertf whleh the r9ad w111 pnovlde as neasured by

mqv factors; .ror,r,re belng orp but not recessarllY the npst lrportant factor'

Ihese factors conslder the:

- Baslc f\nctlqr the rcad sei:vest

- h.rery uger of the rtadt

- Relatlrre:ntuber of 'estdences on facl1ltles sewedt

- Roadnay loeatlm (rn{an vs rum'l)

- Use of the lard abuttlng the road;

- lrloblltty (average safe speed),

- Vol,l4e of trafftc (ADI),

- lift.urDer of ]ares requlr€dr ard

- nqlallyp wldth o{.trre :leqp+ryd tr?lteled wav'

f?re'conslderatlon of these faptors tn conblnatlon wtll result ln the deslgn of

nqadrruays whlch are appnoprtate for corrnw nee{s and deslres.

I?re reader unorrfA be farnllLar wtth the follorrJlg descrlptlon of the

classlf;tcatlon systan cmcepts and nectrarrtcs as well a.s the georetrtc deslgn

standa:rOs befor.e he can f\rllJ rrrder"stard Et-gunes 74A2A - 7-3028, Stardarn&s for

Roadlvay Categor{,es I ttucnrg[ !;

740f Systern Descr{ptlon

Sre follqrtng descr{bes tl,re concepts ard pnocedr.rres for gpplJlng

tlie:'Boadtrrqy Classlflcatlon Systeir.
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7-30I.1 IntroduCtlon

Th"'pyrrryle of thls seltron t" 
:" 

o*t::t tne uasl1 celcelts *TT

tne@aor^wcrassrircat-1onSystern{todef,lnetnetenfuv*rrch..px.e���

to descrlbe the system.

prrovlde a lrethod fon desc lblng Qounty rOadways 1n terrns of theLr usage'

tlre qenrlce ttrrgy provide, anO tnefr baslc ptryslcal or georetrlc features'

A baslc eoncept underlylrg'ttre prroposed systam ls that roadway cate-

gortes additlonal to those usually applld (trafflc voltne and gecmetrlcs),

should, forrn ttre ba,sls for descrlbil€ and c1a^ss1fy1n8 roads. Ttre descrlptlve

categor'les wlilch,nak9 W the c14ss1fleat19n sVstern 
1: . i

Use Categorles

. Level of Serwlce Categorles, and

floadrvaY Categor{-es

.Ihe aplt-catlon of these dpscrlptlye categorles to a roadwrv or road segrmnt

,  ^ r ^  ^ - ^  - ! ^ - J  - + {  ^ ^  .

wl1l,allovt aeff4tlon of the follordng characterlstlcs:

. Ttre basj.c fqnctlon 1t serTres tdthln the County networt< (ttmctfonal
..:-.._

c'l a^sslf,Lcatlorr'elernents of use),

aceess to theln prrcperty or the beneral pr'rb}1c) '

; Ttre retrattrrre nr.rrber of resldences or fac111t4s senred by the roa'd,

The roadwav loeatlon ln terms of urdcan versus rrrral sullloundlngF t

lltre use of the }and wtrerq the noad ls located e:psessed ln planrflng

telrrE such as cornerclal, lndl.Etrla}, r'esldent1al, etc. t

ttre rncbllity that the road provldes for trafflc a.s leasured by

aver€ge safe sPeed,

l l revolrmeoftraf f lccarr led.bytheroadasrreasuroedbyarrerage

dallv traffllc (AYI),

1 9 7



.' Tfie nser of lanes of niivfng trafflle whl-ch the road can ' '- - - - #

'
accolrqndater 

'ald

;. Ure retatfve wldln oi the traveted r'{+Y wtrtch 1nplles the baslc

rgadlilaY wldth.

To acCogmodate a data processlrrg .systern for r"ecordlng lnventory data,

a:coattg systan tras been deveroped for each elenent ard category wlthln

the system.
," , Basrc Defllrltlons - The lerms deflned ln the followlng paragrraphs are

furqOarrental, to the classlf:lcatlon system. ttrey should pnovJ'de the reader

wlth a baslc Wderstardlng whlch will later be sr'rpplerented wlth nore

detalled e:Planatlons .

U"q Citqn"T - A aesien?tlon or descrfptfon of hcnr a roadvray ls utlllzed

whlch cgnslder.s four elecnenls: 1) the functlon whrlch the road per-

: 2) the Pr1-forirrs, a.s def,lr*d by:the fyrctlonal c]asslf,lcatlon systent'

: ' ,fac1gt1"" S"*"drtlf * access *oad by fl'yrctlonal def;lnltlon''Opd

sed roadwaY lnventorY sYstem'
Categpry ts a prjmart' elemqnt of the propo

fLrrOtlqqf Rqaqwqv Cl€ssfflcatlon - A designatlon on descrlptlon of streets

, or roads accordlng to the charecter of setvlce that they provlde or

ar"e rntenoea to pr^ovlde. F\rnctlonal cIass1f,lcatlon deflnes the

' 
nat,re of the retwort< trafflc.chranne]:lzatlon process by deflnlng the

rould PlaY ln senrlng thepar€ that any partlcular noad or str"eet sh

f:low of traffllc ttg"ougfi the Cotanty networlc. trlrnct1onal C1a^sslf,lcatlon

ls one of for.r elenents used to determlne Use Categor,y'



- *': *'::::' :::,:1" :ffffi of
assoclated wlth a'roaA wtrlch provldes accet :

l-tles.' A road w1!h Prlvate
r"esldences, fqrnsr lzrrches, or un411 tlttt,

r ' r se lsnor r r ra } lyno tusedbythegenera lpub l l cs lnce l tdoesrp t lead

E.Ttr lstermqrral l f lesthe| 'pnlmaryuser ' 'to areas of Publ1c lntenes
'-:^- !L^ rlaa naf.Fc|.()lry.

elqnent wfilch 1s rrsed f,or det*mil'n1ng the IJse Category'

Publlc IJse'(of a Roa&vav) - f,hls descr{bes the type of tlse nonrally assocla-

, * ** rooads on r^ltrlch the general publlc trarrels ' hrbllC use 1s

dlstlrreulshedflompravaterrsetoaeternrr'"||prlnatxruser' 'whlchls

'' for deternd-nlrg the Use Category
a n e l e r e n t  

t - , . - - r . - . r a . . a A

n-Adeslgrrat lonofwher"etheroadlssl t r ratedwlthreqpectnoaOreY I.ocatrl ,
' to u$an or ruraf sqflnounQfngp' I€nd havlng 20 acre or li

fs corslOei€d nrral and fi'a! havLtlg 
:"":^* 

ur-tan' County zonlng

llEpsaretober.efe'rgncedastheauthorltyfor' 'Ekl' 'gthedeslgrrattor.

;*r; u conJunctron wlth r-a'd r.use ls orre erenrent r-r,sed to deterud'ne

.' .

Use CategorY'

Iard uSe - A deslgrratlon of hor the land abuttlng the road 1s belng used

Lons ' Terns rrsed to
ba,sed upon County plarrrrlng concepts and deflnltj

descrlbelandusear.eFesldentlal,Ccrrrrercla},Irrdrrstrlal,Fecreatlmal'

rerrn/nancnanarcr"esi.Iarrdr'r^selnconJunctlonwithroadwaylocatlon

1s orre elerent r'used to deterrdne Use Category'

levif if Sen4ce Cateeqrp - A deslgnatlon or descrlptlon of tne senr:tqe or

lroty vatue th"t a roaa ha's a's neas,r'ed ot tn: -o'.iT::-:"^l::::"

and the traff,lc nolune 1t accompdates ' Ten dlstlnct categorLes

or illevelsrt Of Sentlce have been developed ba'sed rpon the ncst cql!rcn

conblnatlors of rnoblllty ard volune crlterlon
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, . '

IrlrblUi[* the'upg"d, *."*,ftO ln nrl:les pgr hour' at t^rhlctr a rrehlcle 
. 

'

- .: i^-..'---.^ . Iow trafflc densltles' l[h1s
, can nove safqly aloqg the roallway durlng

ed over a higfrwaY' or sectlon'

: tce cordltlon' and trarreled' crrwatrr:re, stopplng slght dlstance, surfe

way wldttr. rcUffity, along wlth volr.ure qrre elenrents of the lerrel of

ser-wlce categorY

rnessed a.s average dally traffllc (AI)II) ' It
Volume - lbafflc 'voluurP ls e4
-

1S rnmally the 24 hour volune, or the total nurbbr of vehlcles

^  r ^ - - -  ! . ^  .

ditrlng a stated perlod dlvlded by the nurber of days 1n that perlod'

Iowlvolufe rural roqds are consldered to be roads havlry less than

4o0Aut .Vo l r .u re ,a lo r lgw l thmob l l l t y ,a ree le ren tso f the leve lo f

Service Categor'5r.
a ^  -^^ , i l ' .n r r

,nqlaray Cete Fry - e aestefrat:lon or descrlptlon of a roadvray or roadvray

.segrentwhlchreferencesthenrr t rberof t raf f lc lanesandthenelat lve

wldth of the trarreled waY'
: 

a.e o *raAworr wh aOCOllrlpdate' I € rF -Apor t l ono f , t hew ld tho fa r .oadwaywh lchw l l l sa fe l y

ne legal-sized vehlcle to
Elnele Iane Road - A road'whlch allows only :

t ravel fheelyatarryg lvenpolntonthernoadway.

noolr-r" nTq _ A roa.d whlch allors two legal-s1zed vehlcles to pass at

flcles rnaY be oPPoslng traffle
erry glven polnt on that rlcad' Tleese vet

- , , -  l l

,pr thelr qrqy be proceedlng 1n ttre saIIE dfu'eetlon

Itrrltlple la'e 4oad 
- A r.oad pr"ovldSng: thnee or more la'es of trafflc' one

lane rnay be for turnlng only'

2 t t 0



t
,..,rb'l',,;ed. f""frOfne culbs, gutters, dtrtches, slopes,

Roadwarr -'A1e total road lnclrl'nng curbst gutt(
- -:, 

orrr*n"r., , q4d other feqtuls recessary f;or pnoper dra1nase a4d

,' , 'sotutructton.' Rtglt oflnay ls 'rrct cmslder"ed parb of the r@dway'

llraveled Way - The portlon of the roadnay for the rpv€rnnt of vehlcles'

- - - - - '
exilrrslve of shouldelq atd aq*1l1arA lanesq

frqr, r:fbayefgq Wary - A traveled way rrhldt ree'

, ', " 
mrvqrent'or trarflc relathre to the rmbtrrt'ty ard vorune nequlnenrents

. 
' 

of tne rcad. lGneuverrablllty ls restrlcted'

' 
F+ 

+** no 
- A trawl.d ',o.v whlch rpets or exceeds tlre nd'n1m'nn

rcqulrrerrents ror fyee rpvenent of trafflc r"elat1vb to the rnbll:lty

for the firee operatlm of the vehlcle'

llbaff,lc creneralor - w locatlon, by lts natr'ue or propertles' wtrlctr

:
creates or attpcts trafflc dtle to the :r

tac tame srfgtr

to travel to or rrom 
fnrs.t*-1i*'^-:t:*"' 

torms' state hlshlsai/s'

.' ' . br.r^slness centerrs,:crrltural centers and r'ecreeatlon centers arre eRrlles

. .
:,,of traff,le] ggnerators.

rnrrcrr er.eates rnaJor traffllc'volures such as state hlgfiways' cltles'

large tovrns, large mlrrs ana rnaJor roecri|eatlon oenter"s; f|rese are

rronally. the rncst cormDn tr{p starb polnts or clestl--natlons wtthln the

CourtY.

I,ttnoC f!^afg&-qenerators. - Generrators wtrlch cr"eate lesser traffllc volurcs

(ne atrve to rnalol generator.s) such as snalr tons, schools, rulnor

necreatlor centens, srnall buslness or shopplng centers, srnall J-rr.

-

* when acruar srudles ar"e corducred ro cla-sslf! Toads: tt.T_I t":i"i*

to develop,o,-"r.r" values to dlstlngul$h between maJor inO ryfnor 
|,l,flO'

.  
( r t l 1  

? / . - :

gererators.



l 1

f-J01.;?

. the'nqoq"" of ,thls sectlon,is,to preser-rt the conceyt of ttnoaTly' 
, 
,

Userlr to def;i-ne the categogles of trUserlti and to brlefly e:plaln how to

ieterrnrne tn" apppoprlate ttuse Categotvt'" for argr county rnoad or road

segnrent"
nlnq oarts

of the county roadr.ray system w111 assur^e conslderatlon of the |tpt'uposett

forcm$truct lngorrnarntalrr l r rearta&tay.Ttrelrrportanceofaroadwayls

aetermrredr.ptonrv 'uvthevolr l rB'of t raf f , lcvf i lchr.r ,sesthatraoadbut

' trls categorY will form the
also bV the crd-tlcal elure of lts exlstence

basl.s for detenrd4lng roadt{ay prc-ord-tles. , coupled wlth other data (Level

of Serry'lCe) tne prd-ord-tles a'ssoci'ated wlth each categpry w111 ultlmately

, aLlow the roadway destrgnar and the t-it't"tt"tt"e englneer a conslstent

b . a s l - s r , p o n w h l c h t o n } a n t h g C o t r : n l y l s n o a 4 w a y n e q u i n e r e n t s . '

DescrlPtlorls.Elenent

-^.r r t1 a-a{Gtaar{nn - r lrh{s e1a^ssl OnIy U,Sed by
Ftrnctlonal ClasslFeaglon - Ttrls classlflcatLon 1s cqnn

-  1 1 - -  l ^
-,- --- ^J ^LI ^- a-ratan /tarE I AnOYTs' f,r) I) f { );.Il-lIV r.lgJ'lrl\, v..v' .enpg.ne€I€and.trransportatlonsystemderre}oper"stobrcadlydef,Lrethe

f\rnetlonal relatlonshlp between a glrren road ard the total retwor*' f,tre

Utt€" terms,wtulch are us6A fn descr{blng'Cbunty roadway {\yrctlors are:

. Arberial

, : Collector

' : ,. .Access noads
r ! ^ - - r  ^  . , ^ a d

,Ihe f,ouo44g defltnltlons are generar and sr'nnnarlze the crc'terla used

.at r6.arJurav clE Lgr,rre ?_301A
for estabrls 

of the three cra'sslflLcatlons 'pr.esents a nr3re e:pl1clt deft-rdtlon of each of the tnree cli

' i ittZ,



between nnjor traffic generators
Arterial Road - An arterlal prrcvides servlce

such as eities or large toivns and nonnally provides the npst direct

route to the state system. It usualty provides the higfrest level of

Se rv i ce to t } reCoun tyaSnpasuredbynnb i l l t yand t ra f f i cvo l r : re .

Anar te r i a l l v l ] . } haveso r reaccessand t ra f f l ccon t ro land r r raybe

Iocated in either an urban or 'a rural ar"ea'

Collector Road - A 'oad which collects and/or feeds traffic fYrcm or to

* a r t e r i a l r r r a d s . A c o l } e c t o r c a n a l s o p n c v i d e a d i r e c t l l r r k

b e t w e e n t w o a r t e r i a l s o r p r o v i d e a c c e s s t o a n a r t e r l a l . A c o l l e c t o r

a}soprrrvldesserwicebetweenmi-nortraff icgpnerators.

Access Road - A rrrad which provj-des'access or entrance to residencest

buslnesses or other a'butting prcperty' It generally provides the

lease robllity withln the cotrnty system and is usually the flrst and

l a s t r o a d t o b e u s e d f o r a , , t r i p ' ' w i t h i n t h e C o r r r r t y .

An illustration of the baslc relatlorshlps between the dlfferent classes

of rrcads 1s pr'esented on the followlng page'

3 rt3



lvlaJor traff,lc generator"s (citles, lgge lolTl 
large industrlal

sltes, state hlgf${ays, maJor recreation area's)

I{lnor trafflc Sener.ators (srna}}
subdlvlslorrs, shoPPlng center"s,

Resldences or smalI faclJitles
public lnterest)

Arterial

Collector

Access Road

tovrns, mlnor necreatlonal area's t
schools, etc.)

(generallY of Prlvate and not

2 {rd
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Ttre Procedure

follows:

for establlstrlng fWrctional cla'qslficatlon is as

. - Obtaln U'astc background lnfonnation conc-ernlng tfle entire

r@dway network or system. (Note: A nrap has been developed whlch

shOvrs many of the roads 1n the Cor.mty, Iocatlons of traffic generatQrs'

rnrrtns mJlls- i; AIIlrs a'ne noted ln key
such as citles, to'ams, m111s, necreation areas

locatlons as well as populations; land use deslgnatlons are also shown')

othernrapsarrdCorrntyr .ecordsryraybenecessarytore latef \ r r rc t ionand

to quantlf! cla.ssif,lcatlon criteria'

There arg two baslc approaches to the cla'sslficatlon proeedure'

l]ne Blreau of, Pub11c Roadsr procedures call for the ranklng of traffic

generator.s in order of pgpulatlon or traffie voluure as a first step'

They then ldentit:y all noads whlch directly connect these generators

as belng arterlals (or whatever other pr{-ntalT designation which they

misrt use). They then suggest that the mileage r"epresented by these

roads be accunulated to the polnt where a glven percentage of the total

system rnlteage 1s r"eached. At thls point, the balance of r"oads whlch

conrrect trafft-c generator"s and othenrlse serve a collection flrnctlon

are deslgnated as collector"s

Another appnoach would be to start at the other end of the spec-

. t n . r n , s o t o s p e a k , a n d i d e n t i f y a l l r o a d s w h i c h q u a u f y a . S a c c e s s

I'r)"* and then work up thrcugh collqctors and arberc-als ' one advantage

s {-ha .f l ffJ e.rl'l trt
to thls approach, 1s that lt seems to overcone the dlfflculty ln dls-

tlngdshlng Art,er'lals firom collector:s. Ttrls seems rnor"e difflcult

than separatlng Access roads fiom collectors' Tkrer'efore, by starblng

with Access rcads ana wort<ing uPr a large'percentage of roads would'

fa1l lnto thelr proper classifleatlon wlth a ndnj'nurn of dlspute'

s desfable to.keep the tttrC-prt concept 1n mlnd when

:  l u 6



cl-assi fyf i€. Inotherwords'when*: : t t " lngatvpicart-rrowlthln

theCorlnty, theor{ .g lnat l rgpolntwot l ldrr ,sua} lybearesldenceor

a f a c l l l t y . T t r e f l r . s t r o a d r r s e d w o u l d , t h e r e f o r e , b e a n A c c e s s r " o a d .

Tfle next raod to be used for nnderrate or long trlps would probably be

a Collector. Fbr lopger trlps' the Artq:lal would then be sougftt

ln rnost ca^ses.

a outllned appraoaches may be used success-
Elther of the two abov

ful ly.oncetherrcadsaleclassl f fLedforfWrct lon,r"ecla.ssl f lcat lon

wl l lonlyber.equlred}fmalorreconstnrct lonoraslgrr l f icantchangeln

traff,lc Patternq occurs

. Inan$r .ca .Se, thepersonorpersonsrespor rs ib le fo rc la ,ss l fV lng

ally, these Crlterla are anranged fbom the nost slgnlflcant' rrRelatlon-

sh lp toSys tem, ' | to the lesser l r rpor tan tc r l te r iaonther lg | r ts lde

of the table

I t ls . l rportanttoc}a^ssl f }eachrrcadaccordlngtol tspl ' |esent

fwtctlon, rrot 1ts f\rtr:::e or deslred fWrctlon. Itre cla.sslfler.should

erdeavor to erase state,or trbderal ctasslf,Lcatlon ternd-nol-ory f!"om

hlsml rdwhen loo l r fu rga t theCounty r re twork .FA,Sr "oadsneednot

recessarlly be classlfled as arberlals under tnu_t::t1-:"t*'

rr 'qrar"y,user'(lr lvatevsPl.rblle).ItreF\nctlona}Classlflcatlon

general lydef lnesthecha::acterofservicethataroadpnovldes' 'howevert

the exact nature of r.usage of arry glven r"oad wlthln each classlf:lcatlon 1s

not the sarns a.s that of any other noad w1thln the sane classlf:lCatlon'

Tlrer.efor"e, rDr€ Speclfic deflrlltlons of roadrvay usage are needed to

better under.stand what types of noadways are requil"ed to accolrrpdate

rrarlous klnds of usage'

2,0v



uses the road is considered an lrportant

rned'
The identiflicatlon of trwhorl

use crlterla lnsofar as noadvray design and nralnten:nce t* 
:::""

Roads used prl*arily for access to r.esidenees by single fanllies need

not be of the sare natWe as rrcads whlch provlde access to public parks '

Malnterrance standards and prlorlty Systerns for lrpnrvenents, etc.' should

also be lnfluenced by the typq of user'

ThePr lma4yUsere le r ren to f theUseCate8oryrnaybequa} i f ledas
^ r- a ! ^ rr-i tr o use by a relatlvely

elther Prlvate or Public' Private use refers t

^^"-*-" *c{rlanr. prlnrarily serves as an access
srnall nurber of Cor:nty residents where the road

to resldences. Public use refers to use by the general public where the

r"oad nbrrnally prgvldes Imre than access to resldences or to a single ;

connerclal location

Nr:nber of Resldences or Faclriitles Served (Access Roads) - To estab-

llsh noadway prlorlties, addltlmal definltion ls requfu"ed for |taccessfl

ncads. This definltl0n Ls based on the nunrber of resldences or faclllties

served by the r"oad- Ttre terms to be used in thls categprv are as follows:

. One

Tvro - flve

. Over flve

- A conblnatlon of two crlterla a:re

requiredforthlselerent.T|ref i rst lsRoadwayl ,ocat iondescr ibedei ther

as Urban or Rural (zuraf 1and has parcels that are 2Q acr€s or largpr) '

The second is Iard use defined as elther Residential' connrerclal' Indus-

trial, Recreatlonal ch' or fbr"est

Thesedlst lnct lonsarelrportantforthefol lowlrgreasons.First ,

theplarrrrlrrgnequlr.errentsfordeslgnornalnterrarrceofrrbanroadwaysls

ugually quite different than those necessarxr for rT:ral roads ' Ivlalntenance

p r a c t l c e s s u c h a s d u r r p i n g e a r t h o v e r t h e s l d e o f a n r r a l r r r a d a 4 e n o t t o
2 L t 8



I rrcadslde Parking and
bep lar r r red for ln r ' r rbanareas .Cons ldera t lonof

emq is firportant ln:urban areas whereas lt nor-rnatly 1s not

in rrral- areas

I"4 use also lnfluences roadvray desSgn and rnaintenance considera-

tlons. Roads wlth heary industrial or comnerclal trafflc nnrst certalnly,

: rts than roads terminating
have dlffenent structr-rral malntenance r"equinenet

at prlvate r.esldences. County land gse maps as provlded by the County

plannlng Department wlll be the baslc refenence used ln nraklng category

determlnatiors vrlthln this elernent

CategoryDef lLnl l iors-RreureT-]0lBcorrblnesal lof the' lUsage| '

definltlons Just dlscp^ssed and pelates them in a tabular format' llrese

colrb:-natlors al1ow establlshrent of the rncst psobable grrruplngs of these
:.

elenents and deftnltlon of rrUse Categoriesrr for Hrmboldt Cou:ety rrcads '

Tlre prrccedwe for classlf}lng any Cowrty road is as fo]-lows:

Determlne F\mctlonal Classlflcation'

Determlne prlmary user. A11 collectors and arterlals are consldered

to have publlc usel€. Access r"oads leadlng to parks or buslness

focations qre to be corsldered as havlng public users' All other

access rroads. would have pri-vate users if the rrrad prirnaiily serves

resldences.

Determine the nr.unber of r"esldences or faclLltles serrred' This

may not be determlrrable through cor:nty r"ecords. Persons famlllar

with the roads may need to be consulted

Determine ftrom nraps shorrlng land use (County zonlng or general

plan nraps) tne colrbinatlon of roadway location and land use'

Afber naklng the above deterrninatlons, u,s1ng Eigr:re 7-3018, flttIC

the Use Category wtrlch 1s most apprroprlate'

2  t t 9
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r?lrrt o.c Catesbfl€f
7-301.

;he concePt of tflevel of '
Ttre purpose of thls sectlm ls to pnesent t

Ser,wlcer" to defllne the servlee level categorles ahd to brlefly e:cplaln

hol to detenrd-ne leve} of serrrlce for any county road or noad segnent'

of deftnltlons of r"oadway servlce w111
Concept - The developrcnt of clerflrrvr.ons u

o n o f ' r h o v r u c h t t u s e a n o a d r " e c e l v e s ' T h l s6s1p to arl^swer the baslc Cuestl

categOry, 1n cor$,nitlon wlth the prevto'sly descrlbed Use Categorry' shopld

h the crlterla he needs to concelve a pre-

urnrrylv r.oadway deslgn an{ to estab}1sh prlor{-ties for roadway inprovement

and nalnterunce.

El"ernpnt Descrlptlons - TLre leVe1 Of serrrlce category ls conposed of

. . . r d r r n b l l l t y . V o l r l r e l s r r e a s u r e d b y a v e r a g e
two elerents, trafflc vo1wP ar

dalry traff;lc (ADI) and rplolllty 1s descr{bed ln tenrs of average safe

speed as deflrFd ln the lntroductory sectlon of thls repo The rrarlous

by and voltrre are llsted on Elgure ?-301C'
lncrenrental neasures of rrcblll'

ategorles a:ne llsted on
Cateeory DeflLn1tlgrrs - Level of selvlce c

F - ^ L ' ^ - - ^ r { a b l n a t l o n o f r r p b l l l t y a r r d
f i t e u r e ? - 3 0 ] D . E a c h l e v e l l s b a q e d u p o n a c o l n D a r u r L r ( , l l 9 I r r v v +

volure crlterla. the twenty rpst cofinrrn corbinatlons of crlter{a are

)vels 1 thnough 4 ielate to
organlzed baslca11y accdrdhg to noblllty' T-e'

ry 
low nrobll1ty, 5thnougfr 9 $Ilth lor rpbl]jlty, 10 through ]5 wlth @en-

ate nrcbltlty and f5 tfrrough 20 wlth hlgh t":* of nroblltty' Tlre deterrnlna-

t lonof levels(ra:c l runrraluesforeactrsenr lcelevelcategprv)wa,sbased
:crnetrlc design features of

trpon the englneerd-ng concept that the baslc gl

a rcaA,uay (n,rber of lanes and wldth of trarreled way) nu"st changg to

accornpdate dlffer"ent levels of rnrblllty and volrrre' Ihe selectlon of

nsxlnr.rm AUfrS fOr each level was baSed upon what or:r researctr lndlcated

. )
w e r e c o n n c n l y u s e d v o r u r E b r e a l c s ' ( r o o ' , 5 0 ' q 0 0 ' 1 ' 0 0 0 ' e t c

evel of senrlce
aArrm fnr dcterm nlate e:d'stlng 1

The procedr.ue for determlnlrg the approprraEe errpulrg 
:

ls a,s follows: 2 t l



g the speed, eonduct speed checks an{ detery

nd-ne the Blth percentlle, or by. consultlng several County enployees

. who are ramnar with the noad and vltro ale quallfled to estlrnate

the av,erage safe speed. Ihe estlmator should conslder all of the

factors outllned ln the def,Lnltlon of avenage safe speed pnesented

earller ln thls rePort

for rrcads where {I.ls rrot calculated, estlmates may be rnade by

most lorowledgeable of the r"oads ln questlon'

: A f b e r t h e a v e r a g e s a f e s p e e d a r d t h e n r r r r r a v e b e e n d e t e * u ' . ,
' : ' l o c a t e o n E l g r . r r e T - 3 0 ] D t h e l . e v e l o f S e r r r i c e n w r b e r l n t h e l e f t

)n of mob111tY
colwrn whlch eorr:espords to the appropriate conblnatlt

and rrolure crlterla'

lilJr.e for deternirrlng the prrcJected leve1 of servlce is as

follols:

ProJeet the average safe speed as you would estlmate the deslgn

/  1, . t  z la#a.m{ na f .hc' 
"peed. ProJect the volutre a.s you would determlne the deslgn'per{'od

AUf' pr"obably through the appltcatlon of a gr"owth factor to the

Pr€sent AUf.

.Thenselect theapprropr lateservlcelevel fYomElgrrreT-30]D

based upon your cotrblned pr"oJectlons of nrcbllity and volme'

2r2



Very Lor

Lotr
Moderate
IItgh

GeTrqr,al Range

Lorr

Moderate

Hlgh

I'{OBILITY

voLu,tE

NomlnaL
Very Low
Low
ModeratelY Lor

i{oderate
MpderatelY High

Eteure 7-3Ofc

A\TERAGE SAIIE SPEED

ADT

0 -  2 5
25 - 100

100 250
250 - 400

400 - 1000
1000 - 5000

sooo -tgo00
Over l-9000

0 - 2 0
25 -  3s
4 0 - s 0

Above 50

High
Very High
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Etgure 7-301D

LEI/EL OF SERVICE CRITERIA

EVEL OF
ERVICE MOBILITY (MPH) VOLt]ME (ADr)

V - L o w

V - LoIr

V - Lovr

V. - Lotr

0 - 2 4

0 - 2 0

o - 2 0

0 - 2 0

Nomlnal

V - L o r

Lolt

ModerateLY Lor

0 -

25

100 -

250 -;

25

1 0 0 .

250

400

2

z

2

Lor.

Low

Low

Low

Lor

2 5 - 3 s

2 5 - 3 5

2 5 - 3 5

2 5 - 3 5

2 5 - 3 5

2 5

100

250 -

400

1000 -

100

250

400

l- '000

s;000

V - L o r

Lcns

ModeratelY Lor

Moderate

Moderately High

4

4

4

5

5

6

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

4 0 - s 0

40 s0

4 0 - s 0

!+O - 50

4 0 - 5 0

4 0  - " 5 0 ,

2 5 -

100

250 -

400 -

1000  -

5000 -

100

250

400

1 , 0 0 0

5/000

10 ,000

V - L q t

Low

ModeratelY Lor

Moderate

Moderately High

High

7

I

8

9

a

High

High

High

High

Hlgh

Over 50

Over 50

Over 50

Over 50

Over 50

250 -

400 -

1000 .

5000

Over

400

1,000

5 ,000

10,000

10,000

ModeratelY Lor

Moderate

Moderately Hlgh

High

V - High

2 t 4



7-301.4 Deternd,
I Thl" seetlon explalrs the concept of Roadway Categpries and presentp

the def:lnitlons or crlteria whlch nelat! to each of the seven roadway'

categories.
. ' g o n c e p t - l l a e p u r p o s e o f a R o a d w a y C a t e g o r y l s t o p r o v l d a d e s c r l p -

tlon for a rroad ln terms of lts basic physical or geonetrlclfeatgnes' Ttle

I def;Lne these featur"es ane:elerents used tc

. The nwrber of trnfflc lanes ' ffid

: The relatlve wldth of the traveled way'

Basedupgntheappl lcat lonofthesecql ter iatotheCor:nty|snoads,

seven dlstlnct categord'es of road have been developed

contalned 1n the lntrodrlctory sectlm of this r€port'

Caieeorr Defftnltlonq - rrqqe 7-3018 illrr,strates and descrlbes the

dlstlngulshlng elerents of each noadvray category

2 r 5
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7-301.5

o

A codlng system 1s regulred to facllltate the adaptatlon of classlfl-

catlon ard other lnvento:ry data to an electrcnlc Obta process6g systern'

Ttre purpose of lhls sectlon ts to elplaln the codlrg systern whlch tlas been

derreloped for classlfllcatlon lterns ard to srrggest how this systanr mlght

belntegratedlntoanoveral}road}raylnventorysysten.

fftgrrre ?-301F contalns code nunoer"s and descr4ptlons of the varlous

elements of the r"oadway cla.sslflLcatlon system. These elenents reprresent

thecrltellawhlchalgesse'ntlaltothethr"eeclasslficatloncategorles:

USe, Level of Servlce, ard Categorles'

Etgur4e 7-3Ol,G contalns a sanple fon,mt for dlsplaytng ldentlflca-

tlon and classlf:lcatlon conponent elerents ard ]1sts other lnventory corpolF

ents for wtrlch podlrg ney be developed at a f\rture date' Ttrese other

corponents rd-gfrt lnclude :

'. tbafflc Contnol"zTrafflc Safety
i

PtrYstrcal Inventory

. h-orltYlvlalntenance

., ,]so-ne of the proba,ble elenents wlthln these conponents are suggested {or

lUGtratlm purposes on1y. EtgX.lre 7-301G shouLd assist the reader ln

vlsuallzlng hol,r the roadroay ldentlflcatlon and cla^sslflcatlon cotporents

'
ntrgFrt fllt lnto a total lnventory systan'

2l'l
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?-3Cr - 5

I The purpose of this sectlAn ls'to present, for lnfortration purposes'
U

the classifleatlon system mid:i be used by :
only r rore exanPles of hovl

deslgpers, malntenance personnel ard adminlstrators'

Thre'first use would be as a ba.se for an lnventory system' sectlon

7-30I.5 relates the lnventory concept and how the classlflcation system

will suPPort an lnventorY

!r - -- '^!^- ' ' '{11 }ra rrco; : ln of deslgn stardards'

,, 
' 

,", selectlon process ndgh! be stnrctr'rred to 'elate use categpry a'd senrlce

, 
,*Ieve1 cat-egories. As can be seen fYom the E)filblt, by consl<lerlng tkre use

Ca!,egory ard the elements used to develop the categoly, &d then relatlng

these to the rrdeslredrr }evel of senrlce for the r"oad or rrcad segrrent' a de-

cislon can be nade r.egardlng the approprlate r"oad category or categorles

O whlch can best prrcvJ.de the lrdicated serrrlce. For exanpre, 1f for a glven

Collecton-Rlral' Code 5' md
road 1t is determlned that the r.r,se category is colrecEor-fiur€Lr-

that the destr"ed level of senrlce ls 4, (Oasea upon a deslred safe speed

of rio miles per hour, and a pr"oJected ADI of 3oo) ' the table indlcates

thEt the noadlvay categorfles rnost approprlate for conslderatlon for thls

csnblnatlon of r.use ald serrrlce mlght be 3 and 4. lCtt"go'y 3 is a wlde

slrrgle-lane noad and 4 ls a najjto$r double-lane foad' Of course' th ultiln-

ate declslon Iregardlng deslgn standar'ds would have to be based upon the corr

slderation of nrany other factor"s

Ttre above exanples of the potentlal appueatrm of the el'ass1f1cat1on

systern are few; hovrever, thls should generate ldea^s 1n the neaderts mlnd

as to the nwry other uses for the system'

2 ? 0
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7.-?,O2 S .

The geonetric design standarrds which corrrespond to each of five r"oa&lay
. .

trsslflcation categorles ar€ related on ftlgrlnes 7-302A thror€h 7-302E. Other

pertinent deslgn lnforrnatlon and roadway classlflcatlon system reconnerdatlors

are aiso shown on these figures, l  I  w lavuv  !  4bs  vv  .

Roadway Category 6 w1IL have the. sane stardarrCs as @tegory 5' except that

8-foot paved shorlders w111 be prnovided for r"oadvlay parlOry. Standarrds for

Category 7, multlple-lane rrradway., nay be found 1n the State Deslgn Manual-

Al-1 other deslgn staldar.ds, not pecullar to arry partlcular rroaOwaV eategory nray

be found j-rrr varlous . sectlons ttrougfrout thls ,l4anual (see Rlgrrre 7-200, ,

O
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sEglIo{ I - couvrv FRS pnocnryt srmpanps

B-foo General.

Sec t lon tog(a)o fT l t le23requ l res tha tp lansandspec l f l ca t lmsrnas t

provlde for a facl-Ilty that rrill adequately neet the exlstlng and prcbable

rer conduclve to safetY' durabllttY
futur"e trafflc needs and condltlons ln a nant

and econonY of malnterunce'

the 1954 Secorrdara Road P1ry pnovldes that AA.SHo Stardards, entlt}ed

,tGeonetrlc Deslgn Standarts for lllgfrways Other Than Fbeeways,r' (contalned 1n

thlq seetloir) w111 be met or exceeded except as npdlfled' Fbr speclflc oon-

dltlcns not correred ln the.aborre stardalidsr elther ttA Pollcy on C'ecnetr{c

Deslgn of Rural Hlgfiways , !965rt'or "4 Pollcy on Arterlal HlgfNays 1n Urtan

Areas , I957rf' should be used'

8-1ol ObJectlve arxl Scope

the obJectlve of, thls sectlm 1s to pr.esent the creonptrlc Deslgn standard^s

,- r^filch A]LSHO neconnerds fOr lcm-volure rrura1 roadrvays

8-102 PgllcY.

8- l02 . lVseofFA,SStandar r ts - I t l s thepo l lcyo fHr .u rbo ld t@rnty tha t

Federal Alde secondarry (FA.S) recornended stardarrcs w1l} be u'sed On FA'S deslgned

reoads onLy when County standa.rcts (contalned 1n thls l'ianual) 'are not acceptable

to the trbderal agency contrrcll1ng the FA'S pnoJect'

2?8



Introductlon.

Geometric higfrway design deals wlth the dinensions of those higfiway

feat,ures such as aligrrnent, gr"o"", widths, sigrrt dlstance, clearances and

s-topes as dlstinguished flaom stnrctr:raL dqslgn which deals with such fea-

tures as'thlcloress, conposition of raterlals and load carrylng capacity'

Fbequently, avallable flLnances do not permit the construction of the

ideaL in higfrway design. where econonv is necessarry 1t is suggested that it

be pr:actlced on sone feature other than the prc-ncipal geonetrlc features'

The r.oajway section can be fupr.oved and wldened at r:easonable cost '

Thesu r fac lngcanbew ldenedands t reng lheneda tany f \ r t u reda te tha t f i -

r*nces w111 permit. But the georetrlc features of aligrurent, grade, and

sigfrt dlstance, wtren once nplded lnto the landscape ald tled down by

rlgfrt-of-way and sr.rfac:tng, a.ne mos't dlfficult and e:cpenslve to eorrrect' It

^appears, 
ther',efor.e, that ln dlscr.usslon and declslon on these princlpal geo-

ttn*trlc featr:res a generous factor of safety should be added, and urquestlored

adeogacyratherthanstrlcteconorrStshouldbet.hecrlterj-on

These standarrds are lntended to be applled as general deslgn controls

,=godr."s of the system of whLch the hlgfrway ls a part' Itre use of rpre

llbera1 values than the lridlcated mininn:m values her"ein is recornended

where conditlons are favorable and costs a.ne not excesslve' Fbr speclfic

condii;lons not 
'cover.ed 

her.eln, r'eference should be nede to A Pollcy on Geo-

metric Deslgn of Rrral Hlgfrways, Ig55' abbpeviated GHD in tabfe references

hereln, and A Po11cy on Arterlal Hlghways ln Lbban'Areas, L}TO'

NUFIAL HIGHWAYS

Design Hourly Vo1une. DHV

Higfrways shall- be designed for speclflc trafflc volures as determined

lou accepted pr.ocedr.ues. The deslgn hourly vorune, Dgv' will be the basls

e D q
f u L . U



for deslgn except that the cwrrent annual av€rage daily trafflc' AIIr, may be

the ba.sls for deslgn for low volurne nrads. Nornally thls w1II' be trle 30th

hl$'rest hourly voLune for the desrgn year. Usually the deslgn year is about

20 years frnm date of conpietlon of construction, btf nray be anywhere

wlthin a range of 15 t'o 25 Years

Deslgn Speed

A deslgn speed of 30, 40, 50, 50, 55,70, T5x, or 80 rph as approprlate

for condltlons, sha11 be selected.

Slght Distance**

Ir4lnlm,rm stopplng sigfrt dlstances for all hlgfrways and passlng sLgftt

dlstance for 2-lane hlgfiways shall be as shom ln Tab}e I' Crlteria for

rneasurlng slgfrt dlstance, both vertlcal and horlzontal, shall be:

For stopplng slgfit dlstance, helgfrt of eye 3.75 feet and helgfrt

of obJect 0.5 foot.

For passlng slglt dlstance, helght of eye 3.75 feet and helgfit

of obJect 4.5 feet.

It Deslgr speeds ot 75 ard 80 nph arq applloablg ody t9 hlgh{avu tlq.ryl}-^-
control of access or where such control 1s planned 1n the f\lturg' see pages

i-*a i4l or n-Forrcv or ceonetric pesrg-'ql Fura] llls'wqvq']9{5'

** These'heigfrt crlterd.a for neasuilng slgbt dlslance sup91gede those 1n
a- ioitcr.-Jn Arterfaf Hfenr,qvs fn UiUan ereas. ruSHO. t957
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TABLE 1.

MINIMJM SIGI{I DISTAI.ICES IN FEES

Grades.

Maxlrrum grades shall be as shq^m 1n Table 2'

Clinbing Ianres

A cl1nb1ng lane, or added }ane for upgrade slor-novlrg vehlcles,

should be provlded whene crltlcal length of grade Ls exceeded, the percent-

age of tmcks 1s hlgfr, and the traff,Lc volr.une ls hlglr 1n relatlcn to capaclty'

Alj€nnent

Allgnnent between control polnts should be of as hlglr stardard a^s 1s

connpnsur.ate wlth the topogfaphy, the exlstlng traffllc' and the probable

f\rture trafflLc ln order that f\rtune l.npr"ovenents rEy be nade wlth a mlnlnrun

lof investrnent loss due to obsolescence; Sr,rdden changes between cwves of
It

Ref. table IIr-1, p. 135; table IIr-4, p. t45' .
nI-14.'o. 206. and table III-15' p. 211, G{Dtable III-I4, 'p.

,

Desigr.speed. rmh 30 40 50 60 75 807055

STOPPING SIGI{I DISTAI{CE

Stopplng dlstance' ft.

K value for:. l/
Crest vertical cun/e

Sag vertical cwve

PASSING SIGFfT DISTAI{CE

Passlng dlstance, fb.,
2-lane

K value for: 3/
Crest vertlcaf errrrr€

600 675 750

255 325 l{00

145 160 185

200 275

28 55

.35 55

350 475

85 160

T5 r05

550

2L5

130

1100 1500 1BO0 21OO 2300 2500 2600 2700

355 586 985 1340 r5o5 1895 2o5o 22ro

3/ K value ls a coefflclent by whlch the algebralc dlffer''ence lt, ry*,T3..!?.,=: 
m.rfiipffea to determlne me fergth ln feet of the vertlcal cunre lflxlcn wlrr
provlde mtnlrurn sldrt dlstance.

2 3 1



TABTE 2

I{A]GMI'M GRAMS IN PEBCEX\TX Y

wldely dlfferent ra411 or be.lneen tang:nts and sharp cr'Lntes should be

avolded by the use of curves of gradually lncnea'slng or decrea'slng rad11

wlthout at the saIIE tlne lntroduclng an appearance of forced al'Jgnrent' In

nelatively 
'Ievel topograplry on mu1t1Iane htgfrways the use of long cuwes of

elatlrrely
very srnall degnge are prreferned to long tangents corrnected by n

slrary curves, except that on 2-1ane robds tangents are less a detdrent to

passlng thran ftat radlug curves enen where adequate pa'sslng Slght dlstance

ls provlded on the latter. hJhere crest vertlcal curves and hor{zontal

culnres occur at the sare locatlon, thene should be above--m1n1n:m slght

distance deslgn, and the relatlon between horlzontal and vertlcal slgbt dls-

tance should be checked to assr-re that the horlzontal cun/e 1S vlslble as

drd-vers aPPr"oach.

Dependlng on the maxlmum superelevatlon value, the cr'rrvature

for dlffer:ent deslgn speeds 1s snorn ln lable 3''

Deslgn sPeed' nPh

$pe of ToPograPhY
40 '  50' 60

6 5 4 3 3 3 3

7 6 5 1 1  4 4 4

9 8 7 6 6 5

Flat

RoII1ng

.Mountalnous

Ie-waY dorvngPades rnay1n lenglh and or
Short grades less than 500 feet
be l percent steeper. rur extr"ere "a"5", ln urban alreas arri at sotlE

unddrpasses ard ;ffi; ;i,{"ffi;i:**:-g*"i:l'Ti**5yunqelpirsrisD .rrf,. urruev *t------,-'trb, 
ril,v volure nrral hlgfways

"n."t f"tglhs nray be corrsldened
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o
TABTE 3

MA](II4UM DEGFEE OF. CUTil/E NNIO }TN.'TN'l 'RADIU! 
,

nffiiffiinp ron mqrmlG'vALIJES oF e ard f /

Ref. cabre rrr-5, p. 129r gP

degrees

2r .0
1 r .5
7 . 0
\ . 5
4 . 0
3 . 0
2 . 5
2 . 5

degrees

2 1 . 0
u . 3
6 . 9
\ . 5
3 . 9
3 . 2
2 . 6
2 . 3

feet

273
508
833

L263
1483
1815
2206
25L0

. 2 2

. 2 I

. 2 0

.19

.19

.18

.17

.n

. 06

.05

.06

.06

.05

.05
.  : . 06

.05

mph

30
40
50
50
65
7O
75
80

23.0
1.2.5
7 . 5
5 . 0
4 . 5
3 . 5
3 .0
2 . 5

22.9
12.4
7 . 6
5 .0  

'
4 . 3
3 . 5
2 .9
2 .5

250
464
758

1143
1341
153:
r97u
22\5

.2u

.23

.22

.2L

.2r
. . 20
.19
.19

.08

.08

.08  ,

.08 :

. 08  .

. 08

.08

.08

30
lto
50
60

-*f

-J

75
80

25.0
13.5
9-r
5 . 5
4 .5
4 . 0
3 .0
3 . 0

2l l .B
13 .4
8 . 3
5 . 5
4 . 7
3 . 9
3 . 2
2 . 8

23L
427
6e!

ro43
t225
1485
u86
2032

.26

.25

.2u

. 2 j

.23

.22

.2L

. 2 t

.10

.10
, 1 0
.10
.10
.10
.10
.10

30 1,
40
50
60
65
70
75
BO

25.5
14 .5
9 . 0
6 . 0
5 . 0
4 . 0
3 . 5
3 .0

2L\ | 26.7
3e5 I 1!.5
64i |  8.e
950 | 6.0

112? I 5.L
135r | 4.2
1630 I 3.5
rg55 | 3.1

30 |  . r2 I  .28
40 | 

' .r2 
| .27

5 0 I . L z | - 2 6
eo  l '  . r z  I  . 25
6 5  1 . r 2  1 . 2 2
Ta I  . rz |  .24
7 5  1 . t 2  1 . z t r
B0 I  . r2 |  .23

e = rate of rcadruay superelevatlon,
f = slde fllct1on factor for deslgn

2:13



For small central or deflectlon. angles the cr'rrrre should be long eroug[

rl angte of 5 degrees the curd/€
to avold bhe appealarlce of a k1nk. Fbr a central angle oI ) qe[

s | p u } d b e a t l e a s t ! 0 0 f e e t l o r r B a n d f o r e a c h d e c r e a s e o f , o n e d e g 4 e g i . n t h e

Y central angle the lergth should be lncr"eased at lea's! 100- feet'

Cr"own and SuPeretevatloni

Pavenent cro$rn shall be a mlnlmrxr whlch w111 provlde proper dratnage'

Cr"oss slope norrnally ,should 
be as shcryn 1n Table ll'

Fbr nrral hlgfmays super.elevatlm should be not ntcl€ than 0'10 or 0'12

foot per foot, except that whene sncfl ald 1ce condltlms pnevall the super*

erevatlon should be not more.than 0'05 or 0'08 fooi per foot' Fbr urdcan

hlgfrways srper.elevation should be rpt npre ttran 0'06 or 0'08 foot per foot'

supenelerratlon rrrnoff 1s the lenglh of hlgrilEy rEeded to acoc-rpllsh

the change 1n cross slope firon a nor,mal' crciln'sectlon to a firll; super-

el-evated sectlon. Ir{lnlrrnrm lenglhs of nnoff for 2-lane paverents or for two

lanes ln one dlnectlon of a ll'-lane dlvlded hlgt$ray are shcr"nr 1n Tbble 5'

AdJrrstments 1n deslgn ryloff length, cunres at ctrarggs 1n gfad'lents of pave-

nent edges, and warplng of paVenpnts a:re necessarlr for smooth rj'dlngt

sr,rfbce Orafnage and gpod appearance'

Nunber of Ianes

The rnrlrber of lanes sr.r,all be determlned on the ba'sls of hlgluatv capaclty

and deslgn volurc

Fbr 1cn^r vo!.urp loads, 2-1ane rrcads a.r4e approprlate rega$tesE of other

condltlons

Where the deslgn volure exceeds the cafnclti of an exlstlng

:ed deslgn for a 2-f-ane raoodr. dft"iqgfftrf.ng reasllr|es shall be

considered:

Irprove allgrurpnt and prrcf,lIe to decrease gradlent ard lncngase the

percentageoftota].lerrglhofhlg|rwaywlthsuffl lclentslghtdlstarrce

to afford opportr'rnltles for passlng'

Inpr.orre capaclty by the addi.tlon of cltnrbing lanes 'or constnrc€Sff

lL] ane seetlons.
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TABI,E'4

'
NORMAL PA\TEMENI CRqSS SIOPES

Ref, table -fV-I

Swface TlPe ln rate cross s

lnch per foot foot per foot

Hlsh

Intenrpdlate

Iow

TABTE 5

MINTVUM LEIWTH FOR SUPEREI,E\TATTON RT'ICIF!.

2-IAtlE PA\|EI{ENIs 5./

.01  .a2

.015 -  .03

. 0 2  -  . 0 4

r  , l r

L/6 - +/'1

3/L6 - 3/8

Ref. table III-IL, P. 176, GHO

I-I€ngth of rrrnoff 1n feet
deslgn sPeed, nph of:

50 60 65 70

Superelevatlon
rate

190 2oo 220
190 200 220

190 200 2?0
230 240 255

?90 300 330
3\5 360 390

foot per foot

. 0 2

. 0 4

*05
. 0 8

.10

.L2 '

Forwlderpavernntsl 'gqglhs9no,r"1ntab}eshogldbeasfo} lors:
j:-rm"rp"E*"ts; 1. 2 silrs_length f"l 2-13:^!1*Tg^ h{ilrurarr
4-tane urdlvtded'p"uE*"tilr.l [frres ]engpfl {or ?-}ane hlehwav

6.il;b [frrvraed 
-pavenGnti':z.o trres fenstn rorz-rane nrpmav

O ,'.
o,i r;
f u , ,  t , l



Inpr.ove capaclty through lnter'"sect1on: by added lanes ' ' 
:

l,lcdlfy deslgn to pnovlde a Jl-lane hlgfrway 1n1tiaI}y or €ls plarrred

Capacltles of Z-lane two-wagr hlg[ways ard ]ane capacltles for lrult11arF

hlghways sha1l be determtned on the basls of hlgfruay ctraracterlstles t coNIF '

posltlon of trafflc, and an approprC'ate spee{ of operatldl drlrlng the deslgn

year.r Deslgr shoUld be based on orre of the three ral€es of runrrlng speeds

Dsted belol.

:, AppJ-lcable for rnst rn'ln rural

2-1ane, two-way hlghways and all rural nnllt1lare hlgbrrays ln lerlel and in

r"oltlng terratn.

Atthlsrunnlngspeedthecapacl tyofa2- lanehlehwayrrar: ! .es1yqnp00

passenger carsi per hour under ldeal condltlons to 270 veblcles per hour ln

. a t l a _ _ v

r"olllng terraln wlth a deslgn seTd of 6O rph, wtth 20 percent'truckst ard

wlth B0 per.cent of the hldrway lenglh havlng slgfit dlstdnce of less than

l50Ofeet .Thecapac l tyo fas l r rg le laneofam' r l t l }a r re f leemayat th ls r r r r r .
^-* na' der 1dea1

nlrg speed rrarl.es fl.ort L00o passenger c€Ills per how per }ene un

cordltlons, to 630 veffieles per hour per lane in roll1rrg ter'taln wlth 20 per-

cent tnrcks.

: Appllcable for hLg[ways approaclr

1 . 4

2 . A

ing ufcan arya,s, flol! multilane hlghlays ln rncr:ntalnor:s terraln' and wher-

ever feaslble for 2-lalre hlgtnrays 1n rpuntalnous teratj

At thls runrrlng speed the capclty of a 2-lane h1$vtav rrarles f't|fft 1150

pas-senger care per hour rrnder ldeal eordltlons to 240 vehlcles per horlr ln

ruturtalnor.n terraln wlth a deslgn speed of 50 ryh' wlth 20 percent tnrcks

ft A pollcv on Geclnetrlc Deslen of Rrrel tflgrways' SA'SHO' L965, BqgFs f0I-109/
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and wlth 80 percent of, the hlghway length havlrg slglrt dlstance of less

lfOO feet. lltre capaclty of a s.lrgle lane of a nnrltltane fbeevray at thts rr14'l-
v

ning speed varLes flom 1200 passenger cars per hor:r per lane unden 1deal

conditions, to 500 vehlcles per hour per lare 1n mountalnor.r,s teraln wlth 20

percent trucks

3 .  A v e r :  A p p l l c a b l e  t o  2 - 1 a r e  r r r r a l  h 1 s ' -

ways'in'rnountalnous terrain wher.e deslgn for hlgfrer runnlrg speed 1s not

feasible. AIso appllcable to contrrolled access hlghways ln wban area^s where

during; the deslgn hour 1t is e:cpected that f,beedom to travel at hfuh speed

will be curtatled by DFIV trafflc.

thls runnlng speed the capaclty of a 2-1ane hlgfrway varies fbom 1500

passefrger cans per hour urder ldeal condltlors to 320 vehlcles per hour in

nxruietainous,terraln with a deslgn sped of 50 nph, wlth 20 percent trucks,

and with 80 percent of the hlghway lenglh havlng slgfit dlstance of less than

|lfoo feet.

nle 
'6apaclty of a slngle lane of a rrultllane fbearay under r.rltan coldl-

tiors at this,,nnnlng speed rraries flrom 1500 pa,ssenger cEll"s per hour per

lane ,r..iirder {deat condltlons, to 950 vehteles per hour per lane 1n rrcIllpg ten-

rain with 20 percent truckS

Width of Roadway
.

For roads wlth curr:ent ADt r'rnder 50 rrehlcles per day, the nin:lrnt..trn

wiQth of rrradway between lntersectlons of slde slopes shal1 be 26 feet. For

all ottrer noads the mlnlnnrm wldth of roadvray shall be the sunn of the m1nl-

mr.un wldth of sr.rfacing and usable shoulder wldths a.s descrlbed her"eafber.

Width of Surfacing

-of traffie voLure and deslgr speed shal1 be a^s shonm ln Table 6.

than

For rnrltllane hlgfrways lane wldths shal"l be 12 feet. 23?



fABLE 6

MINII4IJM WIUIHS OF,SIIfiF'AOI]\|G T,'OR z-I,AIIE

RURAL HIG}IWAYS

Ref. table V-1, P- 251' GHD

v Deslm voltute 1n tems of mlxed tnaffi-c- Fbr deslgn speeds of

30r-Ib, and 50 rph, sLu'faclng wldths that ane two feet narro|,ten
ma4i Ue-used on nd-rpr noads w"lth few tnrcks'

Rlght Shoulder"s.

Mlnlmum wldth of UEable d$t shoulder for r1ral hlgrnrdys shaLl be as

sho,rn 1n Tbble 7.

Itre usable wldth of shoulder ls that wtrlch can accorrnodate a vehlcl-e

par€al11y or wholl.y when 1t ls stopped. whenever feaslble lt l,s to be sr'rnflaced

or stablllzed. hlhere the traveled wgy ard shouLders are surfaced all.ke sone

dellneation between the two 1s deslrtble.

Wher.e guaradrall 1s 1rstalled the lateral dlstance to the faoe of the guarrt-

rall shall be at least equal to the mlnlrum usable shoulder wtdth and desfu-

ably two feet gr^eater.

2:lt

20
20

20
22

22
22

24
24

20
20

20
20

20
2A

2\
2\

Mlnllrim widths of surfaclng ln feet for deslgn volures ofl y

Deslgn
speed,

nph
DIV

400 & over

24
24

2\
2\

24
24

24
24

22
22

24
24

24
2\

24
24

20
22

22
22

2u
2\

2\
ztl

30
lio

50
60

65
70

75
8o



TABLE'7

MINIMUM WIuII$ OF USABIE STIOIJI,DEB,S

FoR FURAL HTGHWAYS gjl

Ref. ,table V-2, P. 261-, Gm

Bridses to Rernaln 1n 81qPg..

wh€re an exlstlng h+rnfay ls to be recorstmcted, an exlstlrg brldge

whlch flts the proposed allgrurent and pr"oflle rey remaln ln place when 1ts

structr:ral capaclty ln terns of deslgn loadlng and clear r"oadway wldth a:ne

at lea^st equal to the values shcnn for the appllcable traffic voluure as glven

ln trab1e 8.

Usanfe shoulder wldthr feet

6

B

10

10

L2

4

4

6

B

8 n /

100-200

200-400

over 400

50-?50

250-400

400-750

9/ For low volum noads' tlse of -a roadway wldth that is
z! 

ih; fu of rralr.ps 1n tables 5 and 7 ls acceptable
negartless of the actual wldth of shoulder'

LO/ ClEnged fYqn 10 feet.ln pr1evlou.s edltlons of these
- starda:ros.. Ttrls change, r'rtrlch was offlclally

ipp**d subsequent to ine adoptlon of.A Pollcy on

dixetr{.c Deslgn of Rrral }Ilgfnrays , 1965-'^also supet
;A;?= io-r*t value snovt 1n ti'e v-2 (pase 25r)
anA ot Page 21 of that PollcY'

2:l g



, TABIE 8

MINI}4IIII SIRUCIURAL CAPACITIES A}ID MINIMI}4 ROAD!'IAY
W:IUITIS FOR BRIDCES TO REMAIN IN PI,ACE

Clear wldth between curts or ralls, whlchever 1s the lesser.

For design speeds of 50 nph or less, mlnlrun clear wldths
that ar"e two feet na.rncwer nAy be uused on mlnor roads wlbtt
few tnrcks. In no ca,Se shall the mlnlrmlm clear wldth be less
than the approach tr"aveled way wldth.

ltultl]ane ingfmays

lrlher.e a 2-lane two-way hlgfrway 1s. rpt sufflclent to carrry the estl-

mated DHV, a multllane hlsrway shorld be provlded. Rrral rrultllarte hlglr

ways should be dlvlded. A hlghuny 1s rrot nornrally conslden-'d to be a d1-

vlded hlghway unless two or rpre lanes are prcvided ln each dfuectlon of

travel and the redlan 1s 4 feet or rDre 1n wldth and cqrstnrcted or nrarked

1n a manner to dlscourage 1ts r.use by novlng v€hlcles except 1n energencles.

Ivhrltllane undlvlded hlgfilvays may be permlsslble, (a) as segnents of an

othenplse 2-lane hlgfrway utrele there would be srlbstantlal lenglhs tdth

sight dlstances lnsufflclent for safe passlng, (b) where larps are added 1n

both dlr"ectlons on long stegp grades, and .(c) wher:e the r.oadslde 1s heavlly

developed and local servlce ls one of the primarry ohJectives. In each case a

240

Tl'affic Deslen loadlng
structural capacLty

Roadway
clear wldthr, feet

Curreent
AIIT DHV

Deslrable
mlnlm.un Illrdmxr

Deslrable
mlnlrnuun I{lnlrumr

50-250

250-400

400-750 100-200

200-J100

over 400

H-15

H-15

H-15

HS-I5

H-20

H-l_5

H-15

H-15

H-15

H-15

26

28

28

32

36

20

22

22

2u

30



Ot* 
nny be Prrrvlded.

@.

Ther.e ar€ Inany advantages 1n wide nre-dlans and wldths of 50 or nrre feet

should be provided vfrene feas1ble. Ttre mlnlmum vridth of npdlan to effectlvely

rt. Forseparate trafflc noving ln opposlte dlnectlorrs'1s 4 fee

protectlon of vehlcles at grade crosslrgs the wldth of nedlan should be at

least 30 to 40 feet. hlher^e lefb turn lanes are to be provlded 1n the medlan

area a wldth of 22 feet or rnoie ls preferable and at least 14 feet should be

provlded.

The medlan adJacent to the Lefb edge of each parrenent should be de-'

signed to enable vehlcfes to safely encrroach thereon in elrergencles'

where a dlvlded hlghway 1s belng consldered, the advantages of lrde-

secure a Pleaslng and eco-

fnaent 
roadr^ray deslgn should be e:plor"ed to

nornical design that flts the topogpaptry

I
lr
E:
I. - -^ l  F1 ;  r- l^ h,  r{ .  az

divided hlgfiway 1s preferable. If deslnedr'a paved fltrsh but contr"astlng rF-

i .

!i''ii
i  l '
,Jj
t ! ,
!!

.l
lll

4rq :

l.

On higfr speed, hlgtl voh.une htgfrways wlth redlans

width., a sultable medlan barrler should be lrstaLled.

30 feet or less ln wldth and a nearan.baniler ls used,

not be used.

30 feet or less ln

Whele the rBdlan ls

redlan crrtrs should

l i
l '
l l

i.

i,
I r

iL:
l '

ii
I

Rigf,rg-gf-bJby Widttt .

. Ri$rt-of=wQy wldth strould be not less than that requfu"ed for all ele-

nentg o! the cross sectlon an{ appr"oprtate border areas. Addttlonal wldth

nuy be neggssar-Xr for constructlon.

Cr-rbs.

Except whene neceSsarXl to contr"ol traffle br dralnage, the 1se of cuts

i'l

G" roadviays'should be avolded for safety tn enab1l'rg vehlcles to veer f1.qn

241,



the pavenent ln energencies, for econorry ald fon s1npl1clty, Wherre ba:rler

crrr{cs are continuous along a low speed hlghway they should be offset at

llc lane and soleast one foot and preferably at }east 2 feet fYom edge of trafl

carrled across atl structu:nes. Barr.ler cwbs lntroduced on brldges or lnter-

mlttently elsewher.e should be offset at ]east 2 feet ard pr"eferably at least

3 feet.

Norrnally nedlan curbs ar:e not rr.sed wlth nedians of about 15 feet or

rncr.e 1n wldth except wherre a nedlan turnlng lane 1s provlded. lbdlans of

lesser width nray be eurbed or tleated ln scme otbr way to prcvlde a npre

posltlve separatlon. Ivbdlan curts are not to be used otr h$fi speed hlgfnuays.

Slde Slopes

Slopes should be as flat as feaslble. Flat slde slopes lncrease safety

by prrovldlng ngneuver area 1n energencles, are npr^e stable ttran steep slopes

ard slrpllf! the esta.btlshnent and naftenance of plant gowth; Ttre lnter*

sectlon of slope planes should be well rrounded.

Where rlgfrt-of-way 1s arrallable lt fYequently 1s less cost$ bO flatten

enbanlqpnt slopes to 6:1 or flatter for appreclable depths' lnstead of con-

stnrctlng guar.d:lall. Ivlalntenance cost ls also neduced.

Vertlcal Clearance

Vertlcal clea-ranee at all rnw r.mder-'passes on State tnrnk hJ'gfnrays 1n

rurral ar€as shaltr. be at least 16 feet over the entfu'e roadway wldthr to whlch

an allor^rance should be added for resurfaclng. On State trurlk hlglrnays

throqgh urban area.s a lGfoot clearance shall be provtded r.tder rEw under-

passes except j.n hlghly developed areas. A t6-foot clearance should be pno-

vided 1n both nrral and r.rrban €neas where such clearance 1s not ulEqea.son-

ably costly and whene needed for deferrse rgqufu'enents. Vertlcal clearance

242



ab urderphsses on all other hlgtrways shall be at least 14 feet over the entlr'e

fOwaV 
wldth, to wtrlch an allovrance should be added for resurfacj-ng'*

Hor:tqontal Clearances

The n1u appr"oach roadway wldth shal l be provlded across all new

brldges. Exceptlon is made on nraJor stntctwes on whlch, due to thelr hlgh

r-yrlt cost, the selectlon of the crass sectlon dlnensions should be subject to

irdlvldual eeonomic studles.

Also exception ls nrade wher"e the deslgn speed j-s less than 50 rph and

the,curlent AUI ls ]ess than 750 and lt ls not practlcable and feaslble to

pncvlde shoulder wldths across stnrctr5es. In such case' the minlnum

hortzontal clearance both rigfit and Lefb on structur"es ftom the edgB of :

trafflLc lane to the face of parapet or ralIlrg shalI be not l-ess than 4 feet'

: At underpa,sses the lateral dlstance ft'om the edge of throueh trafflc

Jares to the face of walls, pler"s or abutnents should be at least 2 f*t
-

greater than the usable shoulder wldth.

Roadslde Des@.- - - - - _ '

{ cl-ear recovery arear pneferabry of about 30 feet, should be provlded

along higfr speed 1:ral highways. Such a recovery area should be clear of

r.rrryieldlng obJects lf practtcable. If not practlcable, protectlve devlces

shoiild be lrntalLed where indlcated to protect'the travellng publlc.

Drlveways.

Access f:orn roadsldes

eontrrrlled by r"egulallons.

It This ckrange was offlclally apprrcved srrbsequent'to the aa9otr93^"I-*JSf
;c#;;rc"oesrm or rui:a:, itt6q[q--]955. rt supersede" tl9 "4"::

aranceti on'Dages 46 and 521

to the roadways of arber{-al hlgfrways shou}d be

5f tnat po11cy with the exceptlon of the values glven for parlnuays'
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URBATI HIGTMAYS

Ttre prevlous design contrbls appltcabre to rrral hlghl^Iays 
'are aqpLlcable

-  *  a^r ' r  - . . r* -  aAd{ l - i . r r ,q ' l  nontreolS
generally to urtan hlglways. Ttre foffo^rfrrg addltimal contr"ols eover 'ltens

of difference.

Parrenpnt W1dth.

Paverrentshouldhave,whenefeaslble,suff, lclentwldthtoaccormo-

date the trafflc volure wlthout exceedlng capaclty dx|lng the deslgn hour'

Deslgn capaclty should be calculated on the basls of roadway and traff,l

conditlons, taklng lnto eonslderatlon such varlables a's fYequency of lnten-

sectlonsi voLunE of cross trafflc at lnterseetlms, parklng practlces' turnlng

npverrents, ild volurc of tnrck and bus trafflc'

Wldth. Arrar,gement and Wll1zat1on of lanes'

Itre wldth and nr.urlcer of lares on neJor streets ls ftseqr'rently gorrerned

by practlcal llrnltatlons, such a.s exlstlng bulldlng }lres and othen llnd'tatlors

on avallable wldth of r4ght-of-way. Ianres should be 12 feet wlde drere fea-

slb1e, but not less than 11 feet'

where the dfu^ectlonal- dlstrlbutlon durlrg peak ho.["s exceeds 50 percent

on rrndlvlded two-way streets r reverse flow l-anes should be eonsldered'

Advar r tager rnybetakenofas t ree tw. i thanoddnr .u rbero f la rps ,6&

5 o r 7 - l a n e s t r " e e t r t o c o n v e r t t h e c e n t e r l a n e t o a s t o r a g e l a n e f o r l e f b t r x r p

ing vehlcles by pavement nrarklng at approprlate lntersectlcns' Ihls arrange-

nent 1s especlally flttlng on streets under trafflc slgnal cqntrol wlth a sepa-

rate slgnal phase for lefb tums. O:t sectlons havlng sufflclent ]rldih' a l\rIL

medlan and nedlan lanes would be l,n order'

Ttre operatlon of streets for one-way

prractlce. Geonetrlc standards for two-way

one-way streets.

traffle 1s an accePted standar''d

streets are aPPllcab1e also to

24e



Ctxbs.

Where there are contlnuous banr.ler cr.uts but no shoulders or parldng
-

vlanes the ba:rler curbs should be off3et at least I fqot and preferably at

least 2 feet flrcm edge of trafflc lane.

Ba.rn'ier curbs along narrow rnedlans are fllttlng ol1 low speed hlgfrways 1f

midblock turns are to be prohlblted.

Curbs withln the usable shoul.der wldth should not be used almg hlst

speed higfrways

Parklng Ianes.

not be permltted. Where parallel parklrg 1s conterplated, parklng larres'

should be, whenever fedslble, at lea,st 10 feet 1n wldth, and pr"eferably 12 feet.

l :

I

l

' i :
I  t . .

I

,t l:
t:
i
l . i
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SnglTCI'l 9 - SUBDTVISION STAI\IDAfiDS

9-100 Cieneral.

:

Ff01 ObJectlve ;and ScoPerl :"

The obJectlve of thls sectlon ls to prnesent the deslgn stardarrils for county

subdlvtslon roads

:

F102 PoIlcY.

I t l s thepo l lcyo fHr .u rbo ld tco t rn ty tha t thes tar rdards ln th lsSect lonof the

Irbnral w1lI be the stardards toi wtrlch rlcards nust be bul}t or lnpnorrcd befone

they rr111 be accepted lnto fte Couxty Malntqlnetl System. (See llrxDoldt Cornty

Srrlcdlvlslon Ordlnance. )

9-fO3 Standards.

Xlre deslgn stardards for geonetrlc cross sectlons ane strqm on Elgure 9-1024

t throwh 9-I02U for the varlous categorles of noad.s as deftned by the subdlvlslm

ordlnance.

Speclal attentlon should be glven to the locatlon of utlllty ard sewer

' 
Unes ard starda$ats for crlrts, gUtter"s, dlkes ard slopes' Ifte varlq5 sUb-

dlvlslon standard.s nelate td rcads accordlng to:

- PQpulatlon denslty (h1d1, redltun, 1or), and

Topogr,€Phy (hll.lslde, lerre1) '

Defltn1t10ns of these terns are found ln tl€ subdlvLsl0n ordlnance' RoEdvay

classlflcattron terrs ard crd-terla for potentUr subdlvlslons ane rpt ldbntlcal

to ttpse of the Co.uttyrs classlflcatlon for roads already 1n ffre1r systan'

Itre foltovdng baslc "*d,"Y stanOaras apply to potentlal subdlvlslms 3
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, TABLE 9rN2'1

BA.SIC SIJBDNESION NOANIAY gIA}{DARN

CtassiflcaLlon/
Tbraln
Den^sl

ARIERIAI.S
ilGffi - Hlgtr Denslty

COLLESJORS
GF-mg! Derslty

Ievet - Med-ltfi DensltY
Ievel * Lot{ DensltY

tllll-slde-Hl$ & Itledluun Denslty- 
Parldng
No Par{<lne

Hil}slde --lcmr-Oenstty.

ffiParkrng
I 

tnarr 200 AItf-No Par{<lne

Level - wledltln DensltV
Parldne
No Parki:rg

Level - I4{ n9!81!L

Hl]lslde-lllqF & Itle&l,un DensJ-tv
Pa*lng
No Parklng

Iow DensitY
ffiloo-?m
loo - 250 AUr
Ttrrnouts
?50 - 490 AUI

l{o Parklng

ONE-WAY STBEEI

MINOR

Tnaveled
t{ay Qross

2-t2
2-L2
2-L2

2-L2
2-L2

2-L2

B
I
B-3

S-3
3

B-3

3f i *
3 f i x

3 % *

50
50
50

50
50

50

8tr
8t
.8 t r

r0t
LO1

t 2 ' .

2-10
2-L2
2-10

2-L2
2-10

z-LO

2-10
2-10

1-12
L-Lz
1-20e
2-L2

B-3
B-3

8-3

8-3
3

3
3
3
3 o

zfr
zfr
2fi

zfr
2r
zfr

3fr*
3 % x

3 % *
3 f i x
3 % *
3 % x

50
50
50

50
50

50
50

50
50
50
,,0,

tOtr
r0tr
10tr

lot
t9tr

10t

L6fr
t6fi

L6fr
$tr
L5fr
r6tr

3ili*3",
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