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Project Description
The development of agriculture, the distribution The planning, design, construction, and
of food, the provision of health services, and the maintenance of low-vc,ume roads for rural re-
access to information through educational ser- gions of developing countries can be greatly en-
vices and olher forms of communication in rural hanced with respect to economics, quality, and
regions of developing couintries all heavily de- performance by the use of low-volume road
pend on transport facilities. Although rail and technology that is available in many parts of the
water facilities may play important roles in cer- world. Much of this technology has btcr pro-
tain areas, a coruminant and universal need is for duced during the developmental phas,-s of what
road systems thal provide an assured and yet are now the more developed countries, and
relatively inexpensive means for tlhe movement some is continually produced in both (he tess
of people and goods. The bulk of tI iis need is for and the more developed countries. Some of the
low-volume roads tha! generally carry only 5 to technology has been documented in papers, ar-
10 vehicles a day and that seldom carry as many ticles, and reports that have been written by ex-
as 400 vehicles a day. perts in the field. But much of the technology is

Descripcion del proyecto
En las regiones rurales de paises en desarrollo, El planeamiento, disefio, construccibn y man-
el dosarrollo de la agricultura, la distribucibn de tenimienlo de caminos de bajo volumen para
viveres, la Fpioisimn do servicios de sanidad. y regiones rurales de paises en desarrollo pueden
el acceso a rirforuiacion por media do servicios ser mejorados, con respecto al costo, calidad, y
a(ldociciofialos y otras formas de corniilcacibrn, rendimiento, por el uso de la tecnologia de ca-
derilIon (JrgrI [)arte de los medios de trans- minos de bajo volomen que se encuentra dispo-
port AttinmLe on ciertas areas los redios de te- nible en muchas partes dei mundo. Mucha de
rr-c,irril y a (pi dosornpen-an un papel impor- esta tecnologia ha sido producida durante las
tarito, xi;tO- i -Oecesidad universal y dotli- epocas de desarrollo de 1o que ahora son los
nante do crar sistemas viales Clue provean un paises rnas desarrollados, y alguna so produce
medio ase(Jr;ido Polo relativairnetiite poco cos- continuanente on estos paises asi coma en los
1oso part el riovirmio tlo de genie y mercancias. paises menos desarrollados. Parte de la tecno-
La mayor parto do esa nocesidad se soluciooa- logia se ha documentado en disertaciones, arti-
ria con la colstrtIccmod] do camninos de bajo vo- cuLos, e informes que han sido escritos par ex-
hir in o ( Ji qe ilrflrcnute moverian Onicarmenle pertos en el campo. Poro mluchia de la lecuolo-
de ) a 10 vehiculos par Clia y gLie pocas veces gia no est6 docurne-tada y exisle principal-
rriveri il tiito coina 400 vehiculos por dia. mente en la memoria de aquellos cluo han desa-

Description du projet
[.bant lo1s regions rur"Ales des pays oii voie de assurer avec certitude et d'une faqon relative-
dovolop)( rnt, loxpl)loilation agricole, la distri- me-it hon marche, le deplacerneni dos hiabi-
I)itilon r; rhils flimioreiairs, I'accOs aux tants, e le transport des rnarchandises. La pljs
services riL icaux !'acCOs Iux rnat.riaux ot atIx grande partie de ce besoi peUt btie satisfaile
ia t raud-lr[lS! s . Iittori nlion et aux atJ res ser- pat la constructinn rIo routes 0 faIblo capacilb.

vices, d (periclhou (in graude parti Jes moyens capables d'acconmoder un trahic do 5 a 10 vb-
de lran;porl. [3ien que los trarisporls par voie hicules par jour, ou plus rarement, jusqu' 400
ferrec el par voe navigiable lOUerIt ur role impor- vehicules par jour.
tant lans cortainoes regions, Ln bosoin doniriaN L'utilisation des connaissances actuelles en
Nt uiversel existe dun rbseati routier qui puisse technologie, qui sont acc~ssibles dans beau-



undocumented and exssmil in the'innso the pang , in-osrcoaamite
those wh aedvlpdadall~~h, nance of lowr,.olume, roads, With advice ahdK.

tecnolgythrough. necessity' In either case, guidan 2e, frb i~a proect steerngcomrmittee,.~~
S existin~g knowledge about low-volume roads TR~efhs prdeard transmits information

technology is widely dispersed geographically,. products,through a networkoorrespondqps i
is quite varied in the language and th6 form~ of its developing cointries,, -Broad goaisd'or the iii ti-
existence, and is~not readily availablefor appli-2 mate impact of the project workare't64'pro te
cation to the needs of developing countries, effective use of existing inforImtion'in the-.

IF In October 1977 the Transportation Res barch economic development of ransp~rtation infra->
Board (TRB), began this 3:.year specila project structure an~d thereby to enhance,-other aspects
under the sponsorship of the 2U.,. Agency for In- of rural developmient thrboigh6iutthe. world, ,

.. Amttm[~ee~j~JU t)o enb~ra n6 Inadto o h b~
t'ransportation in dev'eloping- dountresb'yp'-vid-~ of, technical information"'per~sonainiteractions

7ing improved access to existing informnation on with users are provided through field visits,,con j2

rrollado y aplicado Ia tecnologla por necesidad. nibilidlad de Ia lnformaci6n en existencia sobre~ .
En cualquier caso, los conocimientos en exis- el planeamiento, diser~o, construcci6n, y man-
tencla sobre Ia tecnologfa de 26arinos de bajo tenimiento cle caminos de bajo voli~men. Con el
vol~imen est~n grandemente esparcidos geogr -2 consejoydire cci6n dle un comit6 dle iniciativas
ficamente, varian bastante con respecto al idio- para el proyedto, el TRB define, produce, y
ma y su forma, y no se encuentran f~.cilmente transmite productos informativos a~trav~s dle una Q
disponibles para su aplicaci6n a las necesida- red de corresponsales en parses en dlesarrollo,
des dle los pafses en dlesarrollo. Las metas generates para el impacto final del 2

En octubre dle 1977 el Transportation Re- trabajo del proyecto son Ia promoci6n del uso
2 search Board (TRB) comrenz6 este proyecto es- efectivo de la informacibn en existencia en el

V1 pedial de tres arnos de duraci6n bajo el patroci- desarrollo econ6mico dlela infraestructura de
Nio de Ia U.S. Agency for International Develop- transporte y dle esta forma mejorar otros aspec-
ment (AID) para mejorar el transporte rural en tos del dlesarrollo rural a trav~s del mundlo.
los pailses en dlesarrollo acrecentando la dispo- Adem~s de Ia recolecci6n y distrlbuci6n de la

coup de pays, peut faciliter 1'6tude des piojets appliques aux besoins des pays en voie de d6-
2 de construction, trac6 et entretien, de routes 6 veloppement. 4

2 failble capacit6 dlans les r~gions rurales des 2 En octobre 1977, le Transportation Research22
pays en voie de d6veloppement, surtout en ce 3oard (TRB)xinitia ce projet, d'une dur6 de 3 ans,

2, qui concerne 1l6conomie, Ia qualit6, et Ia perfor- scus le patronage de l'U.S. Agency for Interna-
mance de ces routes. La Majeure, partie de cette tional Development (AID), pour am~liorer le tran-
technologie a produite durant Ia phase dle sport rural dlans les pays en vole de develop-
d~veloppemnent des pays qlue l'on appelle main- pement, en rendlant plus accessible Ia docu-
tenant c16velopp~s, et elle continue A 6tre pro- mentation existante sur Ia conception, le trac6,
duite 6 Ia fUis dlans ces pays et clans les pays en Ia construction, et l'entretien des routes 6 failble
voie de d~veloppement. C,1rtains aspects dle capacit6. Avec le conseil, et sous Ia condluite 2

cette technol'gie ont~t c ocumnent6s dlans des d'un comit6 de dirkction, TRB d~finlt, prodluit, et
articles ou rapports 6crits par des experts. Mais Iransmet cette documentation I'aiae d'un r6-
une grande partie des conn~aissances n'exlste seau. de correspondants dlans les pays en voie
que dans l'esprit dle ceux qui ont eu besoin de de d6veloppement. Nous esp6rons que le r~sul-
d~velopper et appliquer cette technologie. De tat finai de ce projet sera de favoriser l'utilisation
plus, dans ces deux cas, les 6crits et connais- de cette documentation, pour aider au d6velop-
sances sur Ia teC.hnologie des routes 6 faible pement 6conomnique dle l'infrastructure des tran-
capacit6, sont di'spers~s g~ographiquement, sports, et dle cette fagon mettre en valeur d'au- 2

sont 6crits dans des langues diff~rentes , et ne tres aspects d'exploitation rurale travers le
sont pas assez ais~ment accessibles pour btre monde.2

12 A"2 2 '<22< 2 
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ferences in the UnitedSa nd abradand b'r vp teome rvde ~~ason wt

eother forms of, comnuniciion, proedcomoed aum t esa"nd..ies *uidance.
.:fr..te ns t users, In l enerXa':t eSteer-

Steering Committee in~g §omrittee gie vev~w alie-'drdireo -
The Steering Corrimitee iscopsdf 5experts i o o l~~t

h Lape onaieden ljs hrSonediibity 'fo the Thpouc ias u
dOschactes No rof the physicallenandsocial ,paration

- tadesit ad t lfinformation produts, charterstcs o developing countries 4knowl-to o ::correspondenaei networke.. e ofthe neis o developing countriesor: - y a i nt wo js toe

', ;,:€omi de:inica~iminitry o &

trarsport t.o, k ..ow.ledge of e .isf ng t'nsprta-. p ersr
' . tion technology, ad experience in its user, wrthuaeis! "'i [ 6i~ ~ e

:,M jrucinsof the Steering Committee are '~' '

-------toasslst-in-thedefinition of- users-and their-- -.--- --

V11 :needs, the deflnicn'of infrd'atlon products that Three, ypesb o , , . oation produc s are pre-match us'er needs', and the I'entification of,,in-. "pred: com~pendums-ofdocuimented'Inform-i- ,

fofmational and human resources for develop- tion on h,.,i, ..... ,y......... .. + '

ment of the information products, Through ts,, nowledgeand practice on somewhat: roader,

informaci6n t6cnica, se provee acciones recf- conocimintos y hudeanossParael desarfollo de
procas personales con los usuarios por medio, los productos informativos, Atravs.. e SUS+:: r "
dle visitas cle campo, conferencias en los Esta- miembros e I comit6r provee inc-ulos con activi-"'
dos Unidos de Norte Amricay en el extranjero, dades relacionadas con el proyeto y tambin
y otras formas de comunicacl6n, una gua Para la interaci6n con los usuarios, En

general el comit6 de iniciativas 'prop'rciona
Cornit de iniciativas consejos y direc'ci6n general, para todds ulossas-
El comit6 le iniciativas se compone de exper- Spetsdel tao eptoyectic4
tos que tienen conocimlento de las caracterfsti- E eo nalide etes resusab es I
cas fisicas y soclales dle los paises en desarro- prprcV ytasiin1elspouco n' 1
l, ncmientoion echnquedeasncsides deonren- formativos el desarronlo d6 una red de corres -
Porte due los pafses en desarrollo, conocimlento ponelaeet de ce duconiaide usuariosPad e la tecnologia le transporte en existencia, y a iai nco lsusurrbos.
experiencia en su USOa Productos inormativosLas funcones importantes del comit6 ie ci- .

ciativas son las de ayudar en la definiclnde Se preparan tres tiposde productos informati.
usuarios y sus necesidades, ce productos in- vos: los compendos de la informaci6n docu-formativos que se asemejan a las necesidades mentadla sabre temas relativamente limitadlos, la
del usuario, y la identificacibn dle recursos e sintesis del conocimiento y prctica sobre temas

En plus de la dissmination de cette docu- de documentation, et d'identifierles ressoces
mentation technique, des visites, des confren- daocumentaires et humaines n6cessaires, pour le
ces aux Etats Unis et o e'6tranger, et d'autres dveloppement de cette documentation. Par I'm-
formes de communication permettront une inte- term6diaire des ses membres, be comit6 pourvoit
raction constante avec les usagers. A a liaison entie les diff6rentes fonctions relati-

44 yves au projet, et dirige l'interaction avec les
Comite de direction usagers. En g'n:rallecomit6 de direction
,:Leso dirctionadxperconseille et dirige toutes les phases du projet. JLedaordd ader. direin es u osr lesp ce- Notre personnel est responsable de Ia pr6pa-qui ont 6 Ia fois des connaissances srl c- ration et de Ia dissemination des documents, duract~ristiques physiques et sociales des pays en dveopmnd'nrsadecrsodnt '

yoie de d~veloppement, sur leurs besoins aut-,dn acmmnu~duaes td ne "i

point de vue transports, sur Ia technobogie ac- ratnavcesuars
tuelle des transports, et ont aussi dle l'exp6-
rience quant 6 l'utilisation pratique dle cette 4 4

technobogie. 'La documentation '"4Les fonctions majeures t~e ce comit6 sont4 ''

d'abord d'alder 6 d~finir les usagers et leurs be- Trois~genres dle documents sont prepars: des
"' soins, puis ce d~fInir leurs beon nmt~e recuells dlont be sujet estlrelativenent Ii mit6, des

ILL. '



s7ubjects, and, proceedings of low-volumje road cgommunity, Project news s ublished in eachr
~conferences that are totally 6ir partially sup- issue -ot Transportationi Research New, Fed-

porfed by the: project, Compendiums :are pre, back forms are transm itted with tinformation~
pared, by project staff at the rate of about 6 per products so thtrcpet aea opportunity~ -

year; consultants are empnloye, to prepare, Isyhwh rdcsa6b
syntheses at the'rate of?2 per year, At least one~ they may beimr ldThoghs niini lvis
conference proceedings will be kublished dur-, itodeveloping cobnriesthe project staffac~
Ing the 3-year period, In summaryths >project qursfrthn sugeton'frth~poect
~aims to produce and distribute between 20 and* work andcan asslst~dlrectl in secific6 technical
30 publications that cover much of what is prbesAdtoa potnte o neato
known about low-volume road, technology, with' users arile through international 6nd i-'-A

Ineacin~Wt~Uescountry- confereces n whichithe'isprjc
~A'n-Wieh of U~hnsms--- prhitiTF-511Fly annudl colloquiums are

A, umbr o mehansmsare used toprovide in- held for students from developig countries wh o&
teractions between the project and the user are enrolled 'at U.S, -universities,

un poco m~s amplios, y los expedientes de yecto en cada edici6n de la Transportation Re-
conferencias de caminos de bajo, voli~men que search News. Se transmlten, con los productos
est~n totalmente o parcialrnte amparados por inforrnativos, forrnularios de retroacci6n para
el proyecto, El personal de proyecto prepara los que los reciplentes tengan oportunidad de decir
compendios a raz~n de unos 6 por afto se utili-' c6mo, benefician los productos y c6mo pueden
zan consultores para preparar las sintesis a ser mejorados, A trav~s de visitas semianuales a
raz6n de 2 por ai~o, Se publicar6 por lo, menos los par'ses en desarrollo, el personal del pro-,
un expediente de conferencia durante el pe- yecto adquiere directamente de fuentes'6rigina-
riodo, de tres ailos. En breve, este proyecto pre- les sugerenclas para el trabajo del proyecto, y
tende producir y distribuir entre 20 y 30 publica- puede asistir directamente en problemas t~cni-

viclones que cubren mucho de lo que se conoce cos espeofficos. Surgen oportunidlades adiclo-
de la tecnologia de caminos de bajo vol~rmen. nales para la~ interacci6n con los usuarios a tra-

v~s de conferencias internacionales ynaclona-lnteracci6n con los usuarios les en donde partldipa el proyecto. Finalmente,
Se utilizan varios mecanismos para proveer las se organizan di~logos con estudiantes de pal-
interacciones entre el proyecto y la comunidad ses en deoarrollo que est~n inscriptos en uni-
de usuarios. Se publican las noticias del pro- versidades norteamericanas.

synth~ses de connaissances et dle pratique sur projet et la communaut6 d usagers. Un bulletin
des sujets beaucoup plus g~n6raux, et finale- d'information est publi6 dans chaque num~ro de
ment des comptes-rendus de conferences sur Transportation Research News. Des formulaires
les routes A faible capacit6, qui seront organi- sont joints aux documents, afin que les usagers

- s~es compl~tement ou en partie par notre projet, aient l'opportunit6 de juger de Ia valeur de ces
Environ 6 recueils par an sont prepares par no- documents et de donner leur avis su rles
tre personnel. Deux synth~ses par an sont 6cri- moyens dle les amlorer. Au cours de visites
tes par des experts pris a 1'ext~rieur. Les semi-annuelles dlans les pays en voie de d6ve-
comptes-rendus d'au inois une conference se- loppemnent notre personnel obtlent de premi~re
ront 6crits dans une p~riode do 3 ans. En r6- main des suggestions sur le bon fonctionnement
sum6, l'objet de ce projet est de prodUire et dis- du projet et peut aider r~soudre sur place cer-
seminer entre 20 et 30 documents qui couvriront tains probl~ries techniques sp~cifiques. En ou-
l'essentiel des connaissances sur la technologie tre, des conferences tenues solt aux Etats Unis,
des routes ti faible capacit6. soit l'6tranger, sont l'occaslon d'un 6change

d'id6es entre notre personnel et lesl usagers.
Interaction avec Iles usagers Finalement, des colloques ann!tE-is sont or-

ganis~s pour les 6tudiants des&pays en voie de
Un certain nombre de m~canismes sont utilis~s d6veloppement qui 6tudlent darn's les universlt6s
pour assurer l'interaction entre le personnel du arn~ricaines,l
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Overview
Background and Scope

Erosion is the wearing away and removal of composition, and pulverization of rocks. Weath-
materials of the earth's crust by natural forces. ering occurs in place with no transportation of
Erosion is usually caused by running water, loosened or altered particles. Although this
waves, noving ice, and wind currents. Com- compendium does not deal with principles of
pendiU1n 9 focuses on erosion control, one of the weathering, it does refer to the erosion of weath-
major faictors in the design, construction, and ered material.
maintenance of ro'ids. It must be considered in Many selected texts in previous compendiums
every phase of highway engineering, considered erosion control as an integral part of

Oii the other hand, weathering is a chemical their subject matter. They could have been in-
or physical process acting at or near the earths cluded in this compendium as well because they
surface to bring about the disintegration, de- are important to the technology of erosion con-

Vista General
Antecedentes y alcance

LI erosion corr;iste en el desgaste y remocibn trata sobre los principios de desgaste por ac-
de in,-ieri ale:, (Il It corfeza terrestre por parte cion de la intemperie, si habla de la erosion de
de fiirzais t n-urales. Es riausada generalmente material intemporizado.
p)or unrl fijo be ips. ohs, hielo en movimiento, En comoendios previos muchos textos selec-
y cornetrfl' de a'fre. El Cornpendio 9 enfoca cionados consideraban el control de la erosion '1
sol re el cour ro hi l, it rosiii, quo os urno de los como parte integra del tema tratado. Podrian
fictore.r is.; Imt pert; e i ( .,I disor-o cons- haber sido incluidos en este compendio tam-
triiccor, y e r v, ory de c;irnir oS. Debera! bien, ya que son importantes para la tecnologia
cor ,;i(lrr,;( , orl ci(is fi;ire do hli in enieria vial. del control de la erosion. Algunos de estos tex-

Po ro s 1, loci .(j, is pt r p ICiC ln (e la in- tos son, por elemplo, .ractica/ Guidance for
terrToru e!.; (il l )r(oe';o (Itrnico o fiico clue Design of Lined Channel Expansions at Culvert
JCta .01 rc c or (: ( 1 t up1 rficic de Ia tIerr Outlets (Una guia prcf'Ctica para el diserio de ex-
pars lprovocir II do'mlctejriicidn, (tescormposi- tensiones de canal revestidas en hocas de sa-
cibir, y u)LlV(.r ZsIC0rl 'as rocas. Esto ocurre ida de alcantarillas) (Cornpendio 3); Handbook
ell un lih) lir filo. si) (?I lr;t[;ltdo de pttriculas of Methods and Procedure for Low-Cost Service
su;trelt is o r ir Is> A(nrlIuO CI corrpendio no Roads (Manual de metodos y procedimientos

Expose
Historique et objectif

On iprpelle erosion les processus d'usure et de de la croOte terrestre et resultent en la desinte-
(lepl:icerrrenl des i nstdr i, x de It croCite terres- gration, la decomposition et la pulv~risation des
ti; p1ir 10; forC'. (10 hi frl ilro L'rosion est cau- roches. La desap,r6pation se fait sur place, sans
,;0e p ir 'ei, ciC i lirte. s, ViipJe ,, lIt place et I deplacorneil des p rticulies ,fltfres OU desa-
vent. C(c rocti:, I , i thorl r r o ie corrtrole de gr~g es. Bien rLJo Cc rocueil ne tr;itie p[is des
'ero rior. r i le facttr- I piLle, irTI)rtants de principes de ii (lsapregatiori, il examine l'bro-

ci ,'IC I }i O dre h50 CoLi ce 00)1Orr . co st clorl el S1 lOn e los materha x d (esa s r..J
PlItretirr df,! roille e Plusieurs texles choisis des recuets prdc6-

Onl apcl(iil ( ;;sIC Jr atr lor1 r - IProcessts chi- dents ont considere to contrble de I'brosion
miques oU physipues pin op isseri Ia surface comme faisant partie intbgrale de eur objectif.



trol. Some of these texts, for example, are Prac- more emphasis is being given to the contro: of
tical Guidance for Design of Lined Channel Ex- erosion during the construction phases of civil-
pansions at Culvert Outlets (Compendium 3); engineering works. This is so not only to protect
Handbook of Methods and Procedure for Low- the immediate site from loss of material, but also
Cost Service Roads and Causeways or Sub- to prevent eroding soil from damaging the envi-
mersible Bridges (Compendium 4): and Design ronment outside of the construction area.
of Roadside Drainage Channels (Compendium
5). Rationale for This Compendium

Erosion has been studied by agricultural
specialists for many years. Highway engineers Erosion control results from a conscientious ef-
have always ieaized that erosion is one of the fort by road planners, designers, and builders.
major problems in the maintenance of all roads An understanding of the causes and magnitude
in any environment irom tropical rain forests to of erosion is necessary before any workable
maior deserts. More recently, as the realization control methods can be devised. A firm policy of
has grown that tie earth's resources are finite, erosion control for highway construction must be

piri caniinor; de servicio de bajo volhnen) y obra contra p~rdida de materiales, y tambi~n se
Causeways or Submersible Bridges (Arrecites o impide que el suelo Ilevado per la erosibn dar~e
pLIelIes sumergihies) (Compendio 4); y Design el medio ambiente fuera del 6rea de construc-
of Roadside Drainage Channels (El diserio de cion.
c,inaels de drenaie del horde del camino)
I Corioiio 5).

Lo, especialislas de agricultura har estu- Exposici6n razonada para este
(1ii(do i1 "rosidfi (h_.rirte muchos arnos. Los in- compendio
leo ioero,; conrtriictores de carreteras siempr-
1,w '-1hi(d1( que la eros0in eS uio de los pro- El control de la erosion resulta de un esfuerzo
loirns rIKis ir il)ortaiites er la conservacionr de concienzudo per parte de los planificadores,

ii c ui;lqurrr carmiinro, sea en las selvas tropicates o proyectistas y constructores viales. Antes de
los (Jraldes desiortos Con la reciente corn- poder idear m~todos de control practicables, es

i)rreoninir do quo los recurtsoS de la tierra son fini- necesario comprender las causas y la magnitud
to,. so hai omest i on el control de la ere- de la erosion. Se debe establecer una politica
I-o0r (Itihr t)l ISi% etL.ipi; de coristruccion de las firme para el control de la erosion en la cons-

ohr)1 1i (le intnrO r a civil. Esto ltene doble pro- truccion vial para tener 6xito mediante esfuerzos
f)o!5ito Pr i , ero se protege la tubicacion de la combinados.

Nous ,iuIiors pt os cieter clans co recujeil aussi serts. Plus rcemment, avec la prise de con-
car Ils sorl importants L Ia technologie du science de la limite des ressources naturelles,
conlrole de1 Iirosioii Certains de ces textes on rnet 'emphase sur le contr6lo de dI'rosion au
sent, Ipr exemple Practical Guidance for De- noment de la construction des ouvrages de
sign of Lined Channel Expansions at Culvert Ou- genie civil. Ceci non seulement pour protger le
tlets (Guide pratiue pour le dimensionnement site contre les pertes de materiaux, mais aussi
des ouvrages d'extremito, Recueil no. 4): Hand- pour empbcher que le sol 6rodb ne cause des
book of Methods and Procedure for Low Cost dommages A 'environment en dehors du lieu de
Service Roads (Manual do mdthodes el proc6- construction.
des pour routes latdrales economiques) et Cau-
seways or Submersible Bridges (Levoes ou Objectif de ce recueil
pou1ts sut)[nersibies Recueil no 4), et Design of
Roadside Drainage Channels (Dirnensionne- Le contrOle de I'0rosion est le r~sultat d'un effort
ment (es foss6.s de urainaige dos has-cOlds de conscienlieux de la part des responsables de la
Ia route, Recuoil Ino. 5) planification, du caicil et de la construction. It

Los phnoinones d'6rosioi orit, depljis faut bien comprendre les causes et I'importance
longtemnp s, 616 Otuis par los aqr)romes. Les de I'drosion avant de pouvoir concevoir des me-
ingeniour. routiers onl compris. depuis toujours, sures de contrOle fonctionnelles Dans la cons-
que I'brosion est un des problernes majeurs de truidon routiOre, il faut que la politique de
I'entrOeen des routes, que celles-ci soient dans contible de I'6rosion soit fermement 6tablie
les forbis tropicales ou traversent les grands d6- avant de pouvoir bire str que les efforts combi-



established before any combined efforts will be determines the erodibility the sof iAandth
<J> fuitfl., g .. . -geometric design engineerwh o determines the

Highway drainage is an integral part of ero- grade, configration, and stabiliza of the
sion control, but erosion control refers to more slopes. On low-volume roads these three disci 4

than just the activities of drainage engineers. plines (i.e., drainage, soils, and geometric de7
Because drainage design and erosion control sign) are not necessarily representedby three
are inseparable, previous compendiums dis- individuals. Often the low-volume road engineer
cussed the erosion of ditches, slopes, and must act in all three capacitles if erosion confol
watercourses along with the hydraulics of remov-, is to be successful. The techni'lues of erosion
ln'-water from and through the highway struc- control vary depending oe-cliimate, topograph ,'
ture, geology, soil, vegetation, water resources, and

Erosion is not limited to waterways or to the adjacent land use. Compendium 9 presents
flow of water. The design and protection of many erosion-control methods that have been
slopes from both water and wind erosion require used under varying conditions throughout the A

the combined efforts of the soils enginee', who world. The corpl pexyof water erosion may be

El desagOe del camino forma parte fntegra del ag~e, suelos, y diseio geom tric6). Para que
control de la erosi6n, pero este control se refiere el control deia erosi6n tenga xito, en muchos
a m~s que las actividades de los ingenieros de casos hac",ialta que el ingenierode caminos dce
desagoe. Ya que el diser~o de desag~e y el con- bajo voltil'!en tenga conoci-niento dle las'tres.
trol de la erosi6n son inseparables, los compen- Las t6cnics de control varlan dependiendo del
dios anteriores hablaron sobre la eosi6n de zan- clina, topograffa, geologfa, suelo, vegetaci6n,
jas, pend.entes, y vaguadas, junto con la hidr~u- recursos de agua, y uso del terreno adyacente.
lica de la eliminaci6n del acia de la superficie, y El Compendio 9 presenta muchos mtodos que
su traslado a traves de la estructura vial. se han utilizado bajo condiciones variadas a tra-

La erosi6n no se limita a las vas de agua ni al v6s del mundo. Se puede comprender el pro-
flujo de agua. El disefio y protecci6n de las blema complejo de la erosi6n de agua si se
pendientes contra la erosi6n por acci6n del considera la posible trayectorfa de una gota de xiii
agua o del viento exigen los esfuerzos combi- Iluvia. Cuando esta gota de luvia cae sobre la
nados del ingenlero de suelos, quien determina tierra posee energ[a de impacto. Esta energia
cu~nto puede desgastarse el suelo, y el inge- tiende a desprender particulas de la superficie
niero de diserho geometrico, quien determina la del suelo y la erosi6n comienza. Si la gota corre
rasante, configuraci6n y estabilizaci6n de las sobre la superficie, introduce movimiento a las
pendientes. En los caminos de bajo volirmen no part(culas desprendidas (Ilamado erosi6n en ex-
hay siempre un ingeniero de cada una de las tensi6n) ("sheet erosion") y asf se completa Ia
tres especialidades mencionadas (es decir, des- verdadera definicl6n de la erosi6n. Por l0 tanto,

nOs de tous soient fructueux. disciplines (drainage, sols et dimensi6nnement
Le drainage de la route fait partie int6grale du g6om~trique) ne sont pas n6cessairement re-

contr6le de I'6rosion mais celui-ci engage beau- pr6sentOes par trois personnes. Souvent, en fait,
coup plus que les activit~s de I'ingenieur de l'ingenieur en charge de ces routes doit remplir
drainage, Puisque le dimensionnement du drai- ces trois fonctions s'il veut reussir contrOler
nage et le contr6le de rMrosion sont ins~oa- I'Mrosion. Les m6thodes employes pour la pro-4
rables, on a discut6 dans les recueils anic- tection contre I'6rosion different selon le climat,
dents de I'6rosion des fosses, des talus et des la topographie, la g ologie, le sol, Ia vegetation,
cours d'eau, en m6me temps que I'on discutait les eaux, et l'utilisation du terrai, adjacent, Dans
de I'hydraulique pour enlever I'eau de la chaus- ce recueil nous allons presenter,,blusieurs me-
sbe ou la faire passer en dessous. thodes de lutte antierosive, utilis6es 6 travers he

L'6rosion n'est pas limit~e aux cours d'eau ou monde dans des circonstances vari~es. On
I 'coulement de I'eau. Le dimensionnement et I pourra mieux apprcier.la complexit6 de I'6ro-

ha protection des talus demandent les efforts sion dOe 6 I'action de l'eau, en consid~rant le
combines de l'ing6nieur des sols, qui d6termine chemin 6ventuel parcouru par une goutte de ,
I'6rodibilitO du sol, et de I'ing6nieur responsable pluie, Quand cette goutte de pluie tombe sur le
du dimerisionnement geometrique, qui determi- sol, elle a une force d'impact, Cette force a ten-
nera 19 pente, la forme et la stabiliI des talus, dance d~sagr6ger ou A d~tacher des particu-
Quand ii s'agit de routes 6conomiques, ces trois les de la surface du sol, et le processus 6rosif
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understood by considering the possible routing A aliniop coptinues i is
of a single raindrop. When this raindrop strikes, joined byb Y m bcollected
the ground, it has impactlenergy. This energy in a ditch or watercurs Theia erough-tends to loosen or detacharticles from the soil ness, and slope of thewtecourse combined
surface and erosior 6beg s, If the raindrop runs with the numiberof r runoff)
down the surface' i ijintrduces movement to the determine the speed of the ditch flo. At low.
detached particles (called sheet erosion) and velocities, this flow will not dislodge or move the:'the: true d-efinition of erosin is r 6 pe :i [thetru c~fiitin o eosion is rrplete. There- ,soil particles (called hydraulic erosion or scour)
fore, the f4iYterosion-control measues are to re- pitch bed As the velocity increases, vege-duce raindrop impact and to slow d6v,,nsoil- tatioqmay again prevent erosion if the ditch car-
particle movement. To accomplish this~th' ries oy intermittent flow so that the'vegetation2
simplest method is to provide a vegetati d.er can survlve, 1 igher velocities, req u ire moe
on the soil. Because vegetation does not ositive profectivelining in the ditchor.theuse
instantaneousy, some temporary method, usu- of ditch checks (small dams) to reduce the ve-ally mulch, must be used Until the vegetation is ccit ve-liings- mybC
establihd.7Potln cement o'rasphailt) th't inc'reases the

las primeras medidas de control consisten en zanja. A medida que aumenta a velocid -otrareducir el impacto de la gota de Iluvia y reducir vez rS la vegetaci6n puede impedir Ia ero'si6n
el movimiento de las partfculas de suelo. El m6- Onicaui ente si el flujo en la zanja es intermitente
todo rm~s simple para lograr esto consiste en. s- ' para que !",e]vegetaci6n pueda sobrevivir Se re-
tablecer una cubierta vegetativa sobre el suelo. quiere un revestimiento m's protectivo para ve-
Ya que la vegetaci6n no ocurre instant~nea- locidades m~s altas, con impedimentSo6sn la
mente, se debe utiiizar un metodo provisorio, zanja (pequenos diques) pLra reducir Ia veloci-
generalmente materiales cOmo estiercol y paja, dad, Los revestimlentos prof'ctivos pueden ser
hasta que se establezca la vegetaci6n, de hormig6n-cemento Portland o asf alto-

A medida que se traslada la gota de Iluvia, se que debido a la lisura de su superfidle aumenta
xl junta con otras goas y todas se recolectan en la velocidad del agua; o de piedra que debido a

una zanja o vaguada. La forma, aspereza, y su superficie 6spera disminuye la velocidad del
pendiente de la zanja, combinadas con la canti- agua. Cada tipo de r,/'vestimlento tiene desven-
dad de gotas de Iluvia (cantidad de agua de tajas. El aumento de velocidad con los revesti-
desagOe) determinan la velocidad d31 fluio en la mientos de horm;g6n provoca problemas en las
zanja. A bajas velocidades este fluio no des- desembocaduras, y el desbordamiento o el
prender6 n!&'jVer6 las partfculas de suelo (ero- descalce de estos revestimientos provocan el
si n• . jdr6ulica o socavaci6n) en el lecho de la fracaso completo. Los revestimientos de roca

commence. Si cette goutte de pluie se met (debit) aterminent I' vitesse d'6coulement du
ruisseler, elle met en mouvement ces particules foss6. A basse vitesse, cet 6coulement ne d6-
d6tach,6es (erosion en nappe), ce qui, d'ap5s placera pas les particules de sol (drosion hy-
sa d~finition, complete le ph~nom~ne d'6rosion. draulique ou affouillement) du lit du fosse.
Nous voyons doric que les premieres mesures Quand la vitesse augmente, la v6g6tation peut
de lutte antierosive auront pour objectif de r6- encore pr6venir 1'rosion s'il n'y a de l'eau dans
duire la force d'impact des gouttes d'eau, et de le fosse qu'6 certaines pdriodes, de faqon 6 ce
ralentir le deplacement des particules de sol. La que la vegetation-ait a possibiliti de survivre Si
methode la plus simple pour en arriver 6 ce but, Ia vitesse du debit est 6leve, il faut soit revetir
est de nantir le sol d'une couverture vegetale, les parois et le fond du foss6, afin de le prot6-Comme la vegetation ne pousse pas instanta- ger, soit y installer des petits barrages de sedi-
nement, on doit employer des ir,6thodes tempo- mentation pour r6duire la'vitesse du courant. Le
raires, comme une couverture de mulch jusqu'6 revetement peut 6tre soit en beton, ciment Por-
ce queles plantes soient levees. tland ou bitume asphaltique-ce qui augmen-La goutte d'eau continue son chemin, d'autres tera Ia v0 ocit de I'eau , cause de sa surface
gouttes d'eau se joignent A elle, et elles se ras- i ,se, soiten pierres-ce qui ralentira la vitesse
semblent toutes dans un fosse ou dans un cours d'6coulement 6 cause de sa rugosit Ces deux
d'eau. La forme, la rugosit6 et la pente du iosse, sortes de revetements ont d'ailleurs chacun

.... combinees avec le nombre de gouttes d'eau leurs inconvenients. La plus grande vitesse ob A



velocity of the flowing water because of its Even after the original raindrop reaches a
sr-nooth surface or stone that decreases velocity natural watercourse it causes erosion problems.
because of its rough surface. Each type of lining In floods it can erode the toe of slope of adja-
has its drawbacks. The added velocity of the cent roadways. At bridges where the waterway
concrete linings causes exit problems, and over- is constricted, flood water causes general scour
toppi(j or uinuerminiing of these linings causes (the lowering of the channel bed by erosion) and
complete failure. Rock linings require larger local scour around piers, abutments, and noses
channels (because of the lower velocities): the of guide banks and embankments. Even at
rocks can move, and the fin(,s under the rocks bridges where the waterway is not constricted
can be sucked out causin.0 settlement. (i.e., where there is no significant constriction or

When the flow in the channel reaches a con- realignment - -)tural flows imposed by the
striction, such as a pipe culvert, iurther erosion bridge approacries or training works), natural
problens arise. Eddies (whirlools) occur at the scour due to river bends and bed migration and
entrance loosening More soil. Erosion problems local scour at piers occur. While channel and
(lowustreairn from the pipe result frori the added local scour must be considered in the overall
exit velocity due to (a) constriction of the pipe, desigr of the bridge piers. abutments, and train-
(b) itcre.,sed pipe slope, or (c) reduced pipe ing works, river-bank erosion may be reduced
frictioni. Thee prohleris may be reduced by the by bank proteut'on, groins, and dikes.
us-e ,f headwalls and energy-dissipation struc- The selected texts in this compendium pro-
tires at pipe outlets. vide solutions to many of these problems and

necesitar c'viles ris grandes (a causa de las Ain despues de Ilegar a una via natural de
v(toci(Jes Irri: bTajas) las rocas pueden ie- agua, la gota ori(inal de Iluvia causa problemas
verse y los fies dOhalo de las rocas pueden (e erosion. En tiempos de inundacion puede

;oe extra,'iilos y citsar aseritarniento. desgastar el pie de talud de carririos adyacen-
Ciide el fluijo en el canal Ilecla a ur1 estre- tes. En los puerntes donde existe Una censric-

cO nefio) to. LI cOrie uIa alcalarilia de tubo, cidri de la via de agua, las aguas de inundacibn
octirenias protbleias de erosion. Ocurren causai la socavacibn general (el desgaste del xv
nemorno;s (vortices) en la entrada., que despren- lecto del canal a causa de la erosion) y la soca-
(Jti it rri Los problermas de erosion aguas vacion local alrededor de pilares, estribos, y ex-

11]o (1(l0t h;O S oil rosuIllado del amnento en trernos de inuelles de guia y terraplenes. AOn en
iooca i a sa;lida debido ai (a) constriccibn los puentes donde no existe un estrechamiento
del t jI). (h ) aurnerito emi li peridiente del tube, (es decir, donde no hay constricci n o reali-
o (c) redticcic0n de I{} fricciori en el tube. Estos neamiento del flujo natural per razon de accesos
p1o(.,i ,i it i odon reduLcirse por el use de de puentes o canalizaciones), ocurren la soca-

inwn: de ciiheoz;i y es1ructursIS para disipar la vacirni natural ca-Iusada per curvas del rio y mi-
or ih. Oil as satlda,'is de los tubes. gracibn del lecho y la socavacibn local en los pi-

ll(mie ivoc los revbteeients eui hbton cause des rbduitls en installant des totes de buse ou des
rot ilo}rit.s riux OxtIoires, en outre, les deverse- dissipteurs d'eriergie aux extremites des ou-

miret- ;t los affoUilleMorits CaJSelt leur rupture vrages
coni)pl0to Les rev6ltrients de pierre exigent des Meme si notre (joulItte d'eau arrive jLsqu'a un
fo!ssd-,' plus qr.ldlls (,' CatIso de Ia vitesse COurs d'ean f1IlalIUrol, elle va causer des problb-
(It .co liiOie qitle.i pt ilus b-sse) los pierres Ines (tderosior En pbriode de crue, elle peut af-
p(Ove01 h OIJ(Je~r, oen cius;aulI 'svpiratlion des fi- fouiller le prod dos talus des routes ,Avoisinantes.
ii(-s lul -)lo (' d-,solJ . O1 piovoluer U1n tas- Au passages (los pents, o6 i se produit un r6-
0onut. 011 101d I caJ cotIur iite rericontre uin re- trci ssemnt du (t)OLlh, los cros peuvent

tieciSS-e rnt (i lit, tel rluun isago do d ti so, etre Ia cauIso dC'afi.ifouillement gereral (rabaisse-
iii amitre (hIomre ('(-ro:sion r-e rdijit Un tour- meiit (InI rivean du (it 1 Cii cours l'eau) et d affouil-
hIllor , eui vorte. 'o fo le 'I I o roe 0 (disa- lemont Ioc(al aLtotLIr (es piles, des culbes, des

C(pe(g le ,ol oricore )lu., L'OroO fi ."50 Drotitil it soirs des dbflbcteurs e des bergos. M6me
:iii (i l vel do(a caiiljstioii. c/ins(o patr Litie pour les poits o}0i n'y a pas de rdtrdc;-,sement,

vlo s"o dto Jl)1 pltis griride. cello-c i l ar le re- (Cest h dire o6d les approches (IL pont on ies
tltit dto (,) [(e r(etrocissorirenfl de It CalIAhsation, ouvrages de giuida(Je rio rriodifien pas les

(5i) S, penit. pl- atccel it0e. 011 (c) sa parO coriditions naturelles d'ecoulement du cours
M oins rurgue.s(O Ces proMUlrns peuvent 6tre d'eau) un afhouillement naturel se produit, cause
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also expand upon the' erosion problems particu- and land use that may beencounter dndiffer-
lar to the tropics and to mountainous and desert ent parts of a country. ,

'"7terrain,~ The policy for erosion prevention Sdescribed
nthe Introductlonto this text: ''Er sion pee

Discussion of Selected Texts tion is one of the major factors in tIhe design.
,construction and maintenance ofhighways, Ero-

The first text, Guidelines for Erosion and Sedi- sion can be controlled to a cohsic rable degree
ment Control in Highway, Construction (American by gemetric design, particularly that relating to
Association of-State Highway Officials, 1973), in- the cross section. In some respects the'control
troduces a Pofic,, for erosion. It indicates that, al- is directly associated with proper provision for
though some staidardization of methods for drainage and for fitting landscape develpment.
minimizing soil erosion in highv y construction Effect on erosion sh6uld be consideredin theis possible, national guidelines for'fthe control of location and~aesign stages."
erosion must be general in nature. This is be- The text states that erosion :ndl maintenance
cause of thewide variation inclimate topog- ... areminimized-by-the-use of (a) flat -sldeslopes,
raphy, geology. soil vegetation, water resources, rounded and blended with the natuial terrain; (b) .

lares. Mientras que se debe tener presentes la suelo en la construcc6n vial,las pautas .naco

socavaci6n local y la del canal en el diseo nales para el control deber~n ser por naturaleza
general de los pilares, esiribos, y canalizaciones muy generales teniendo en cuenta ia gran va- /
de i6s-puenteQ, : erosi6n de las orillas puede riaci6-n en el clina, topograffa, geologfa, vegeta-
reducirse por medio de la'protecci6n de las ori- cfon del suelo, recursos de agua, y uso del te-
Ilas, y con espigones y diques. rreno en distintas partes del pals.

Los textos seleccionados cie este compendio La polftica para la prevenci6n de Ia erosi6n se'
ofrecen soluciones para muchos de estos pro- , describe en Ia introducci6n a este texto: "La
blemas, y tambi n examinan con detalle los prevenci6n de, a erosi6n es uno de los factores

xvi problemas de erosi6n que se encuentran en los " ,. nimportantes en el disero, construcci6n y
Xvi tropicos yen los terrenos montarosos y de de- co nIservaci6n de los caminos. Seouede contro-

sierto, lar la erosi6n con considerable "6xto Por medio
del disero geometrico, especialment6 el que se
refiere al perfil transversal. Hasta cierto punto el

Presentaci6n de los control se asocia directamente con una buena .
textos seleccionados provisi6n para el desage y para el desarrollo

apropiado del paisaje en rededor, El efecto
El primer lexto, Guidelines for Erosion and Se- 'sobre la erosi6n deber, considerarse en las
diment Control in'Highway Construction (Pautas etapas de ubicaci6n y disen-o."
para el control de erosi6n y sedimentos en la El texto dice que la erosi6n y la conservaci6n
construccion vial, American Association of State se aminoran por el uso de (a) pendieiites latera- .

* Highway Officials, 1973), introduce una polItica les planas, redo'ndeadas y amoldladds al terreno
para controlar la erosi6n. Indica que, aunque es natural; (b) disen-os de canales de desag~ie que
posible establecer uniformidad hasta cierto toman en consideraci6n los anchos, profundi-
punto en los m.todos para reducir la erosi6n del dades, pendientes, alineamientos, y tratamien-

par les meandres de la rivi6re, le deplacement desertiques et montagneux y sont traitbs particu-
du It et I'affouillement des piles. Alurs que I'on liirement.
doit prendre en consid~ration 'aff6uillement du
lit et I'affouillement local au stade d i dimension- Discussion des textes choisis
nement des piles, des culees et des ouvrages
de guidage, '6rosion des berges peut 6tre r6- Le premier texte, Guidelines for Erosion and
duite par la construction d'ouvrages de protec- Sediment Control in Highway Construction
tion tels que des 6pis et des digues. (Guide pour le contr6le de I'rosion et des sedi-

Les textes choisis que nous pr6sentons dans ments en construction routicre, American Asso-
o recueil, offrent des solutions 6 beaucoup de clativi of State Highway Officials, 1973), intro-
c.s problmes, De plus, les probl~mes d'6ro- duit ine politique pour la lutte contre I'6rosion, II
sia1 sp cifiques aux tropiques et aux terrains est indiqu que blen qu'une certaine'normalisa-



drainage channel designs that give proper con- geology, and soils in the planning and location
sideration Ij the widths, depths, slopes, align- of a road; (b) the design of a road including both
merits, and protective treatments of the ditches geometries and drainage; (c) the scheduling,
and other waterways (c) drainage-channel ioca- work-area control, and grading operations dur-
lions and spacin(s lhat are determined with ero- ing the construction of the road, including both
sion control in mind: (d) erosion-prevention temporary and permanent erosion-control mea-
measure, at culvert outlets, (e) proper facilities sures: and (d) the maintenance of the finished
for .ground-water interception: (f) dikes, berms, road.
and other protective devices, and (g) prolective The second text is excerpted from Principles
ground coveCs ald planting. of Highway Drainage and Erosion Control (Pur-

Erosion-con!rol guidelines are presented for due University, 1962). This manual describes !he
the following hicghway engineering activities: interrelation between erosion control and high-
(a) the evaluion of n:atural drainage patterns, way drainage. Uncontrolled water is a prinary

los protectivos de las zanjas y otras vfas de y operaciones de nivelacion durante la cons-
agua; (c) ubicaiciones y espaciamniento de caria- truccion del camino, incluyendo las medidas
les de desaique gute se delermiian teniendo provisorias y las permanentes para el control de
1presente e! control de la erosibnr (d) medidas de la erosion: y (d) la conservacion del camino ter-
prevencibnde la erosibn en las salidas dealcan- minado.
tar as,. (C) .(lo.- apropiados p:.ara la ntercep- El segundo texto fue extraido de Principles of
cion ( 1itj;i ca: (f) digetes., leririas, y otros Highway Drainage and Erosion Control (Princi-
cI.i:(-il,'-); IproleClVO -. y (q) vegjelacibn y plan- pios de desagde de caminos y control de la
haccr0)5 pl fotectiv,. erosior,, Purdue University, 1962). Este manual

Se pr riin p ittitas i)ii el coitrol do oa ere- describe la relacion reciproca entre el control de
sioir r eni ,v ,qjiefilto-, ictivid s iri(enieriles: la erosion y el desague de caminos. El agua no
(tI) i 1 evi1HtiIic di de (.te ll ii llriarles de des- conlrolada es una de las principales causas de
I(;tge, geolojia, y ii0leo on ei plaueanliento y defectos en los caminos y de altos costos de

I i L;(Si(' d r ti r il c-1111111i: (h) ol iise-i do nill conservacibr); par Jo tanto, el texto subraya la xvil
can IItr C a I( rIcklye 'I ijeerr idtr6ci y el des(j(.gie, necesidad de ura minima interferencia del des-
(c) el par C, irr 'rIto, contral iol areal de trda ajo, ag ie natural Una minimna interferencia con la

tion dw; r r iitho de; i',h:-i5 O , i)o jr iimillliser ls r ain, (b) un dimensionnerrient adequat des ca-
effets de FdO_"ro;ir I'll s ei C r ,rticliOll ro it ir e naUx de draiinage en prenant en consid(ration la
sort bos.ni f.le, . Ht or i 1 ,Ih rJitdo.:' r rr/s r tat lOrm~i - largeur, la proforrcieu r, le tracO et les traitements
as, Ce!!oe,-cI (JoleVfit etr, pair hat ., s rle- protectils (Jos fosses et autres bcoulements
rsties.I Cc(iCit ca i;e ion (lfterencos cnsidera- c'eaLJ tc) uLie localisatton at un espacement des

l)J( t (0r; e cill, tape) jrIv)he, yeologie. vbgot!a - carIaux ci dedrairge determines en pensant au
tliol, rot;;Oiirc(. ij ef) eiii. t tjnh)iition roIs tar- contrble de I'droson1, (c) 'utilisatton de moyens

its W ( ) [i W lJrp l tioi vor (dalls cill Itys. proventils aux dbissares des pornceaux ou des
Li 1)l1 ii .(Ji. Ihil( prevorilive conlre I'6ro- buses: (e) ure iInstallaton adciLquate pour inter-

stO e:i J 0cr ; iJo l; Inltroductiort. " La lulte cepter 'eau so, terraine: (f) la COnStruction de
prevontive cOrit' I oro',ion o ; il l des lacteurs cdigues, orme ; ei dauItres dispositifs de protec-
len plus irri ) rl;Hrt "i cort;iJr'ror lOrs de Ila tion, (C) 'utiliistion cie diponitils eit prolection
trOli(ir). V rI ccin-trtictiOri et do Jerntretieni dL sol, at d'urne couverture vegetao

(dm o i tite L(, ro )ion it (Are coitrble on Des directions, I)Our assurer le cortrble do
gr; ir (o riw;,lir e or c' ,lciiJ1r it lieu los caracteris- d'brosion ouraut las travaux routiers su iarts.
tion e b rr(, p ,iprticuliC'trernorit celles dJ sOrit prsontdes (a) 6valLiatorll des rbsauwx nIlu-
prafil ri Jrav or S ceri lilrs aspects:, lo rols de criirrtge, dea la gbologper el des sols au
cun irce (ontl ,ta,,,ce tirecl or tt tin sy!ntlrre stad e do la concepion et Ci trac6: (h) caflcul de
do( ir~i~i t( ." t( 1. t Ht iirte Jl o utilisathol la rtO te, y collplis le (itrillt-4 Ol e[iori t (e orr'-
(it It ti (pOfpil (i Ii H. Ont ilric irrpertltril do trgalo ot hydrauligna (c) prograrnme (l'exbcij-
(orth ref eiir in fhlunrce iir 'I roston n ; stne liOi, conlr le de I'rosiot ,;sur le ct- iier t es
(r it, ((iricotI ( ,I (Ill ldiciJ i o de ;1 roule torrassoments ai cOAurs de a conslrctiori, y

Liorotsioi ot Ioritreltir -a)r it rtifr inris .s plr com pris les mesures de itle tornloratre-; e
eruplo de (It) to p rte ( talus-, laible, ,aIrrorl- perrnarentes et (d) enlretiern de a rohite

(ite, t (11,i 5a.ho tx cor'.i , i Mrs lerI ls (i letr- Le deuxilrvte texte est extrail de Principles of



cause of road failures and high maintenance scribes the fundamental principles that should
costs; therefore, the text stresses the need for be followed in the design, concticuction, ad
minimum interfene to natural drainage. maintenance of each of these categories and,
Minimum interference with nature is defined as presents some specific applications ofthese
(a) stablizing earth surfaces with some kind of principles. The fundamental principles apply to
cover, (b) providing a place for water to run roads everywhere. However, some of the
freely over the surface in ditches or underground specific applications described In this text and
in culverts arid subdrains, and (c) conducting some of the other texts in this compendium are
the cclected water safely to a natural water- particular to the climatic conditiohs of the area
course . for which the text was written: This isespecially

texture divded into four major areas of true of recommendations for vegetal cover. The
drainage and erosion control: slope protection, Useand Controlof Vegetationon RoadsandAir-
roadside ditches, culverts, and subdrains. It de- fields Overseas (Selected Text 5) should be re-

-7

naturaleza se define como (a) Ia estabilizaci6n vegetativas que se recomiendan. Se deber6 re-
de superficies de tierra con algin tipo;'"e cober- ferirse a The Use and Control of Vegetation on
tura, (b) provisi6n de algOn lugair donde el agua Roads and Airfields Overseas (Texto Seleccio-
pueda correr libremente sobre la superficie en nado N.'5-EI uso y control de la 'vegetaci6n en
zanjas o subterr~neamente en alcantarillas y • los caminos y aeropistas for6neos) para una 4
drenajes, y (c) conducci6n del ag6' recolectada evaluaci6n m~s detallada de los materiales de
hasta alguna via de agua natura.1/ cobertura apropiados.

El texto se divide en cuatro secciones princi- El tercer texto es un informe titulado Control of
pales de desage y control de erosi6n: protec- Erosion on Highways (Control dela erosi6n en
ci6n de la pendiente, zanjas del borde del ca- caminos, Proceedings of the Seminar on
mino, alcantarillas, y subdrenaje. Describe los Highway Design in Developing Countries, PTRC,
principios fundamentales que deber~n 1975). Amplifica los principios de erosi6n que se
seguirse en el diser'o, construcci6n y con- describen en el texto precedente y ofrece algu-

! xvii servaci6n de cada una de estas categorfas y nas aplicaciones especfficas de los m~todos de
presenta algunas aplicaciones especfficas de control que se utilizan en varias partes del
estos principios. Los principios fundamentales mundo.
se pueden aplicar a los caminos en todos luga- El texto compara Ia intensidad pluvial en los
res. Sin embargo, algunasde las aplicaciones climas templados y tropicales. Llega a la con-
especfficas que se descril.in en este texto y en clusi6n de que aunque la Iluvia total tfpica de los
algunos de los otros textos Oe este compendio tr6picos puede ser el lobe de Ia U'l cina tem-
son particulares a las condiciones climdticas del plado, la Iluvia erosiva asuciada (es decir, m~s 7
6rea pars la cual se escribi6 el texto, Esto es de 25 mm/h) posee una energfa cin'tica de m's
especialmente cierto en cuanto a las coberturas de 16 veces la del clima templado. Por esta

Highway Drainage and Erosion Control (Princi- Le texte est divis6 en quatre sections principa-
pes de drainage et mesures de contr6le de les sur le drainage et le contr6le de I'6rosion:
I'rosion en construction routi~re, Purdue Uni- protection des talus, foss~s lat~raux, ponceaux
versity, 1962). Ce manuel d~crit la corr6lation et drains souterrains. Les lois fondamentales qui
entre le contr6le de I'6rosion et le drainage de la r~gissent la conception, construction et I'entre-
route. Un 6coulement d'eau qui nest pas tien de ces travaux sont expliqu6es, et on en

- contr616 est une des causes principales de Ia pr~sente quelques exemples sp6cifiques d'ap-
rupture de la chauss~e et d'un prix d'entretien plication. Ces lois fondamentales r~gissent a
prohibitif: par cons6quent il est soulign6 que l'on construction routire d'une fagon universelle .
doit contrarier le moins possible le drainage na-; Cependant, certains exemples, cit6s ci-dessus
turel. Contrarier le moins possible la nature veut et dans plusieurs autres textes de ce recueil,
dire, dans ce cas: (a) rev~tir d'une facon ou sont particuliers aux conditions climatiques des
d'une autre, les surfaces de terrain d~nud~es regions pour lesquelles le texte a 6t6 -crit. Ceci .'
par Ia construction; (b) permettre 6 l'eau dle est sp'6cialement virai dlans le cas des recoin
s'6couler sans obstacle 6 I'aide de fusses, de mandations sur les couvertures v6g~tales. Le
ponceaux ou de drains souterrains et (c) guider texte, The Use and Control of Vegetation on
cette eau en toute s~curit6 vers un cours d'eau Roads and Airfields Overseas (Texte no. 5-Uti,
naturel. lisation et contr6le de la v~g6tation sur les routespi,:. iaineSotr1 el v g . .' ,i!



ferred to for a more detailed evaluation of ap s i iio
propriate cover materials, ning in construction rasa .The'te'xt'iises thie

The third text is a paper entitled.,Control of equation to illustrate some' 'ofthe factors that in
Erosion on Highways (Proceedings of the Semi fluence erosion rates. rt'doesrnot recommend,
nar on Highway Design in Developing Countries, the use ofthe equation for odsin developing
PJRC'1975). It amplifies the erosion principles countries because the equation is invalid for
decribed in the preceding text and offers some slopes steeper than 5:1, and because the soil
specific applications of erosion-control mea- erodibility factor (developed for the United
sures used in various parts of the world, States) probably overestimates theerodibility of

The text compares rainfall intensity in temper-, many cohesively-bonded tropical soils.,(See Ref.
,ate and tropical climates, It concludes that, al- 16 in this compendium for a detailed analysis of
m though a typical total tropical rainfall may be I this equation.)

twice that o Ihe temperature climate, the as- The text notes some ispecific vegetal types
sociated erosive rainfall (i.e., greater than 25 used for erosion control throughout theworld

irnrmmh)-has-a-kinetic-energy of,-greater than 16 ---- and compres -erosioni-yield-from-roadbankswith
times that of the temperate climate, Particular at- no cover and with vegetation. It also notes that
tention must therefore be paid to erosion control on low-volume roads maintained by graders, the '

in hlghway design in the tropics. ditch is periodically cleaned by the grader to re-
This text also presents an evaiuation of the cover material for the road surface. Vegetation

"universal soil-loss equation," developed by the cannot be used as an erosion-control measure
u.s. Department of Agriculture. This empirical in such ditches The water must therefore be di-'
equation attempts to identify the major factors in verted from the side ditch into contour drains cut
soil erosion and to establish their functional rela- at intervals along the ditch. The spacing of the
tionships to soil loss. It has been adapted for contour drains is a function of the permissible

raz6n se debe prestar especial atenci6n al con- la erosibn. No recomienda su uso en los cami-
trol de la erosi6n en el diserno de caminos en los nos de pafses en desarrollo ya que ia ecuaci6n
tr6picos. es inv~lida para pendientes m~s graves que 5:1, XiX

Este texto tambi~n presenta una evaluacirn y porque probablemente el factor de desgaste
de la "ecuaci6n universal de prrdida de suelo," del suelo, que se desarroll6 para los Estados
desarrollada por el Departamento de Agricultura Unidos de N.A., sobreestima la tendencia a
lde los Estados Unidos de Norte At rrica. Esta erosi6n de muchos de los suelos cohesivamente

j ecuacibn empirica trata de identificar los facto- ligados de los tr6picos. (Para un an£lisis deta-
res ms importantes en la erosi6n del suelo y de Ilado de esta ecuaci6n ver Ia Ref. 16 de este
establecer su relaci6n funcional con la p~rdida compendio,)
de suelo. Se ha adaptado para predicciones de El texto presenta algunos tipos vegetativos
sedimento y planeamiento del control de la ero- especficos que se utilizan para el control de la
si6n en las ,reas de construcci6n. El texto utiliza erosi6n a trav~s del mundo y compara la canti-
Ila ecuacirn para ilustrar algunos de los factores dad de erosi6n en cunetas con y sin vegetaci6n.
que influyen en los aumentos proporcionales de Menciona que en los caminos de bajo volOmen

et terrains d'aviation d'outre-mer), devrait 6tre que, bien que le montant des precipitations an-
Lutilis6 s'il I'on a besoin d'une 6valuation plus d6- nuelles typiques des pays tropicaux peut 6tre
taill~e des couvertures v~g6lales idoines, deux fois plus grand que celui d'un pays tem-

Le troisi~me texte est une communication inti- p~r6, ces chOtes de pluie 6rosives (plus que 25
tulle Control of Erosion of Highways (Contr6le mm/h) ont une 6nergie cin~tique seize fois plus
de Il'rosion des routes, Proceedings of the Se- grande que celles des pays tempor6s. II est

i minar on Highway Design in Developing Coun- donc particuli~rement n6cessaire dans les tro- A
tries, PTRC, 1975). Cette communication dve- piques, de penser au contr6le de I'6rosion lors-
loppe en plus grand detail les principes d~crits que I'on projette de construire une route.
dans le texte precedent, et offre quelques " Dans ce texte on nous pr~senteaussi une
exemples sp~cifiques d'application des proc6- 6valuation de I' "Universal soil-loss equation" qui
d~sutilis~s dans, certaiies parties du monde a 6t6 d6velopp6e par le U.S. Department of
pour le contr6le de I'6rosion, Les regimes plu- Agriculture. Cette formule empirique tente
viom~triques des climats temp6is et des cli- d'identifier les facteurs principaux de I'6rosion
mats tropicaux sont compares. 11 est d~termln6 des sols, et d'6tablir leurs r6les relatlfs dans le

I .
'



maximum-flow velocity of the ditch. The al I' w ft' sts; (b) thei or movement of grass seed;able velocity depends on the hydraulic erodibil qhd (o) the loss of fertilizer, determined bythe
ity of the soil in which the'ditch is cut. ai-nount ofphospho'rus contained both in~the soil; ,y

The fourth text, Protecting Steep Construction andin the water of eachrun-ff sample
Slopes Against Water Erosion (Highway Re- The results show that~ jute~ nettin'g and hay are4 search Record 206, Highway Research Board, highly ranked in providing both protection from
S1%7), is a report detailing evaluation of the use raindrop impact and adherence to the soil sur-
of mulch. It describes studies made under con- faces. These mulches are locally available in
trolled conditions to evaluate the relative merits many developing countries.
of several mulches that are coverings placed The fifth text, The Use and Control, of Vegeta-
over the soil not only to temporarily protect the tion on Roads and Airfields Overseas (Road Re
soil fromn erosion but also to maintain tempera- search Laboratory, 1961), is a compllatiori of in-
ture and moisture conditions favorable to the formation gathered from public-works organiza-
germination of seeds. tions and other governmental agencies in 33
-. Each-of 13-mulches was-evaluated for three form i heri .................

different types of losses: (a) the erosion of the tation that commonly occur at roadsides in the
i seasured by the sediment lost during the various locations, The listings also include the

conservados con una niveladora, 6sta peri6di- para protegerlo en forma provisional contra l'a
camente limpia la zanja para reclamar material erosi6n y para mantenercondiciones de tmpe-
para la superficie del camino. No se puede utili- ratura y humedad favorables para Ia germina- y
zar la vegetaci6n para controlar la erosi6n en ci6n de semillas.
tales zanlas. Por esto se debe desviar el agua Se evaluaron 13 coberturas para tres distintos
de la zanja del borde del camino a drenajes per- tipos de p6rdidas: (a) Ia erosin del suelo me-
filados cortados a intervalos a su argo. El espa- dida por la p6rdida de sedimentos durante los
ciamiento de los drenajes perfilados es una fun- ensayos; (b) la p6rdida o traslado de semillias
ci6n deIa velocidad mdxima permisible de flujo de pasto; y (c) la perdida de fertilizante determi-

- de a zanja. La velocidad m~xima permisible nada por Ia cantidad de fsforo en el suelo y en
depende del desgaste hidr~ulico del suelo en el agua de cada muestra de agua de desagie.que est6 cortada Ia zanja. Los resultados indican que la red de yute y el

El cuarto texto, Protecting Steep Construction heno son altamente efectivos en Ia protecci.n
Slopes Againsi'VWater Erosion (Protecci6n contra contra el impacto de gotas de Iluvia y en adhe-
Ila erosi6n en las pendientes fuertes de obras, rencia a las superficles de suelo. Estas cobertu-
Highway Research Record 206, Highway Re- ras se encuentran localmente en muchos palses
search Board, 1967), es Un informe que detalla en desarrollo.
Ia evaluaci6n del uso de coberturas protectivas. El quinto texto, The Use and Control of Vege-
Describe estudios hechos bajo condiciones con- tation on Roads and Airfields Overseas (El uso y
t roladas para evaluar los m6ritos relativos de va- control de la vegetaci6n en los caminos y aero-
rias coberturas que se colocan sobre el suelo ' pistas for6neos, Road Research Laboratory,

mecanisme de deperdition du sol. Cette lormule lus sans protection & celle des talus proteges
a 6t6 adaptle pour 'estimation des sediments, par un tapis veg6tal, On remarque aussi que
et I'1laboration des mesures de contr6le de dans le cas des routes 6conomiques dont i'en-
'erosion sur les chantiers, On utilise I'6quation tretien est fait , la niveleuse, on fait periodique-

pour illustrer plusieurs facteurs qui influencent le ment le curage des foss6s pour recuperer des
taux d'erosion. L'auteur ne recommande pas materiaux pour la chauss6e, ce qui exclut effec-itle c o m m e in s
l'utilisation de cette 6quation pour les routes des tivement les couvertures v~g~tales comme ins-
pays neufs, car elle n'est pas valable pour les la- trument de luite contre I Mroslon. Dans ces cas,
lus dont la pente est plus de 5/1, de plus le fac- I'eau doit 6tre d~tourn6e des fosses lat~raux, et
teur d'erodibilite du sol, calcul1 pour les Etats dirig6e vers des saignies lat6rales de d~gage- '4
Unis, probablement surestime I'6rodibilit6 de ment (aretes de poissons), La distance entre
beaucoup de sols coh~rents des tropiques (voir ces saign~es est fonction de Ia vitesse d'6cou-
Ia rfrence no. 16 de ce recueil pour une ana- lement maximale admissible du foss6, qui elle
lyse d6taillle de cette 6quation). m6me d~pend de I'6rodibilit6 hydraulique du sol

Desypes sp~cifiques de v~g6tation utilises du foss6,
dans le monde entier pour lutter contre I'6rosion Le quatribme texte, Protecting Steep Cons-
sont presentes, et on compare I'6rosion des ta- truction Slopes Against Water Erosion (La pro-.



vegetation type (i.e., grasses, herbs and shrubs, The text also discusses methods of vegetation
and woody species) and the main factors that control and costs including (a) mechanical
appear to affect the distribution of the vegetation methods, such as handcutting, hoeing, mechan-
at roadsides (i.e.. rainfall and geographical loca- ical cutting, and burning; (b) biological methods,
lion), such as grazing and use of parasites: and (c)

The text evalutes the problems that vegela- chemical methods, such as nonselective and
lior presenits i the nore humid regions of the selective herbicides. Appendix 2 of this work
tropics su ch ,s blockage of drainage channels, lists the local names (in English) of the vegeta-
disnipliorr of road pavements, and obstruclion of tion species discussed throughout the text.
(iriviii(J vis-oi It ao considers the advantages The sixth text is an article entitled Erosion-
of vegeation suc I as control of wind and rain Proofing Drainage Channels (Journal of Soil and
erosion. Tre purpose of the paper is to discover Water Conservation, Vol. 28, No. 2, March-April
which biolog(ical species are useful and which 1973). It addresses the serious problem of
present difficulties lined-channel erosion. Three types of lined

1961), e, ura conipilacibon de inforrnacion que El texto tambien habla sobre los metodos de
;e rocu ;io de I,.is organrzaciones de obras p6- control de la vegetaci6n y los costos, incluyendo
blic . y olras adgoncias gubernamentales en 33 (a) los metodos mec4nicos, tales como corte a
ltrilorio, t)osolerloirente hritnicos. Detalla las mano, sachadura, corte mecanico, y quema;
ci ices (10 ve()etaciori Cuie comnunrente ocurren (b) los metodos biologicos, tales como el pasto-
ir Ios .)or(olo ' do caminmo en diversas localida- reo y el use de parasitos: y (c) los metodos qui-
d(e0, firn6rn ircluye el tipo de vegetacion (es micos, tales come los herbicidas selectivos y no
locinr. I),1105. hierhxns y airbistos, y especies le- selectivos. El Apendice 2 de este texto detalla
rro:r 1 y Io fiicer es r c re . importantes gue apa- los nombres locales (en ingles) ce las especies
r(rtr 1t(!r it fo(Ctrl IIa (list ri bucion de La vegeta- de vegetacion mencionadas en el texto
con (r io!, horde!-' ce car nine (os decir, Iluvia y El sexto texto es un articulo titulado Erosion-

ti(hicc(on (jeogr,"itfc ) Proofing Drainaqe Channels (Preservando los
FLI t(.Ito ovvItllj o'; pre)tuie)r(a's csate W(Ios per la canales de desagde de la erosion, Journal of xxi

\/(I' (no11 oln Ia re( [o009. r i.:; hirnredas de los Soil and Water Conservation, Vol. 28, No. 2,
tr(C) ilos,, ca r ro I:i o tr-riccb de los cana- March-April, 1973). Habla sobre el grave pro-
(-' t( o ,., r JO los lruI'cib (10 los pavimerrtos, blema do la erosion de los canales revestidos.

y oht , lor (J( Ii vi s--;li)(did err el r 'n jo. Hace referencia a tres tipos de canal revestido.
I rrit s() corisideri" n sirs ventlals, tales come El control de la erosion de canales vegetativos

or ontrol do Il oro10rii p perr te del viento y de se Iimita a aquellos canales con flujo de relati-
I; Irivi:i Fe ihjctivo edl inforrne es la determi- vamenle baja velocidad. Si la vegetacidn es

r),'or (o;r; especr; holegi cas que son LJtiles sornetida a un fluo continue, en casi todos los
y ' li, (1 r1) r os.r tfi pre)rl-r I Sis cases la hurnedad la destruirO. Revestimiento de

to ( 0'r I )f, l'r1te ( -l t1ILl (10 forte declivitO chaque echantillon soumis Li une chute de pluie
:)rrtr(, i 0(o,,ior do I eal clns los projels de sirnulee.

cor v ri troctor, Highway Research Record 206, Le cinquibme texte, The Use and Control of
1-hit hw Rotrcr Board. 1967), est un rapport Vegetation on Roads and Airfields Overseas
(1(1,111 1 -iJr Ititr fhsAtir diJ mulch On docril des (Ulilisation et contr6le de la vegetation sur les
eltjdos; (Iiii or r ,16 fa te; sous conditions conlro- routes et les terrains daviation d'outre-rner,
!eoW, )eir ovalnr le, guaithbs relatives de pIl- Road Research Laboratory, 1961) est une
ionr, sf'r o milch Ce mulch sert nonn seu- compilation de documents publies par les tra-

Ionnrlm it ,i conr lv sel (eI prlet or temporal- VaLX puIblics et autres organismes gouverne-
orritrl corit r ,' Or sior rt, rmiiS 'ILa SSI a" rrnaInlorli r rrentaux de 33 lerritoires anciennernent britan-
o0'01 COIitori (te ci raleiir et (flrcimict Id propices niques, Cui lisle les sorles dc vOgetation trou-
;' i grrt ( rjeffln )ro Ce (losgtirnes vees genOralement le long des routes de ces

lr e o ,orto -, (Jl rimritch sOn Ovalides p0oir territoires. Celle lisle i1cl l lant les genres de
Cto)i> I I( 0 d d )erdlion (i) I'rosron c(l sol vegetation (planles herbacOes el especes Ii-

fl )Os. olo ir ios, se0dirriOnis perduw dilrt los gneuses), que les facteurs principaux qui sem-
ess;Wii. (l) i teto on I n rmoiverrrent des so- blent aflecbr la ropartition de la vegetation le
roeie>,. ot (c) le pwfe _ dfer(jrais determneoes long des routes, c'est n dire les precipitaions et
pair Ili teneur en phospiiore du sol el de I'eau de la situation geographique.



channels are discussed. Vegetative channel- The main subject of the text is the prevention
erosion control is limited to channels with flows of the failure of rock-lined channels. The obvious
of relatively low velocity. Vegetation must not be solution to rock movement is to use bigger
subjected to constarit flow or the moisture will kill rocks; however, large stones may not be avail-
the lining in rmost cases. Asphalt or concrete lin- able. Containers full of smaller rocks (i.e., rock
ing used for channel erosion control introduces sausages, gabions) are recommended in such a
high-velocity flow for relatively low quantities of case or when the channel slope is over 10 per-
water due to the smoothness of the lining mate- cent. The leaching of the finer material from un-
rial. High velocities may introduce scour at the derneath the rocks can be prevented by use of a
downstream limit of the channel lining: this, in filter layer or layers between the rock and the
turn, may undermine the lining and may start parent soil. This reverse-flow filter was originally
progressive failure. If these linings are over- designed by Terzaghi to prevent soil movement
lopped or undernmined, they are apt to be con- from clams by seepage. The crileria for and use
pletely destroyed. Rock lining used for channel of this type of filter are described in the text.
erosioni control reduces the velocity of the chan- The seventh text, Suggestions for Temporary
nl flow hut Is subject to Iwo types of failure, i.e., Erosion and Siltation Control Measures (Federal
lhe rocks may not rema]in in place and the finer Highway Administration, 1973), is a handbook of
malerill nder the rocks may be gradually temporary erosion-control features that may be
walshled ol required during the construction of a road. (This

tsfallo u 1 ormitrIbi, Iara el control de la erosion, El lema principal del texto es la prevencion
iiitiod u('o I i flujo de lia velocr.lad para canli- (Jel fracaso ep los canales revestidos con ro-
(Ifi(e o rol itv n1r( e ito )tjaas (e ag a, dehido ) I aa c ,. Para ovitar el rnovirmiento de las roc.;:- la so-
h(-SI, i del [11clrit i de rove.-tll leolt O . , LS altas ve- luIcibn ohvial es la iitilizacibn de rocas Infs
locidell lo) ptie(dor1 0rt1o1ucir s;ocavacion en el (Irindes, sin eimhargo, puede que no haya dis-

nie i klos Ljo (el revestimieto del canal pofiiblos tales rocas. En tal caso, o donde la
(?to (i[ i l jino. Im i irete ca .- ;,r el (tescalce :lel pendienite del canal excede 10 por ciento, se

xxii 1r(yost ill1 ito y e(1 c rniiiZ- (101 (1C0,1nor-orla- reconieclan recipientes Ilenados con rocas
1,erlo .- ( so orriiiw;uo !,e dloscalzan estos re- r 00s peCueoias (es decir, cestonles o salchicho-

v('lftlrw lo ; to . )ro l qti) c (o 0 destlruirin ties de rocas). Para evitar 01 I avado del malerial
cofrnpyletamlo toe ' - tihzat rev:'t 1110olo de fino dehajo de las rocas se puedon colocar una
rocII, II velo d id del 1tujo se reducoJ poro hay capa o capas de rnaterial de filtro enre la roca y
dos posilr)i( (l-t J l e t frw o Ili riso [)(io puede el suelo nativo. Originalmente Terzaghi diseiob
11o poerrrlIInIcer 00l 't) IR.;ir y 0l fritri al rIoas fino esle tupo de filtro de flUjo inverso para evitar el
(ttIOJO o Is d, ,; l)tW(1e ,,r , s ]rFg dualmonle movimienlo de suelo debido a la filtracion en las
Iovat(o t)or ol lqi I presas. So clescriben en el texto los criterios

Urie cV lthitioto I ); plot o0hr16 io gu ( ia vogeta- I'eniploi d'herhicides selectifs oU non-seleclifs.
11(IoI110s.! ito (1.111; I: r -t1 (I0( 0Io ; f)ltis hunlides L annexe 2 de ce ouvrage donne les noms lo-
de,-; lroliw e;d pis , er0,(1ee Co s prohlernes caux (en anglais) des especes de vegetation
corplori lefii, ef r(1 'ilites, I snl) rticllon ces ca- dent on dliscute clans le lexte.
n11hsI tIiho , (1e drir sw i . Ii riipflure dJe I chlaus- Le lexle no. 6 est un article intitule Erosion
50e. Ii Cr(Stior trI'ClrNtvI I II III Vl )l[it (Jii Proofing Drainage Channels (La protection des
co(tdultir (_oi coisi(10re a lssi los avarliages canaux de drainage contre I'erosion, Journal of
do cello vo(lotihori lois (Itio le corrtrole de I'dro- Soil and Water Conservation, Vol. 28, No. 2,

liori (tio ,i I d lii 0 sot vorit, Le h.ut de ce texle March-April 1973). Le serieux probldme do
, 10 (ro.l0:O VIr '( 1(?( e0; hioo!(JiCIes cmi I 'rosion JU revtieient (Jlos canaux de drainage
sonl h ( los 1 ctlle; (it (illl rore (los dfiflcullts est considere . Trois sorles de carlaux revelus

DIM's (er t,"to On) iii sctfl , ir;si (Jn coritrOle de sort cliscuiles. Le controle de I'erosion par une
!I VO( (otitlion to (hli coi'it o :e coritrole (a)nOie- couvorlture vogq lale est limid6 atix carlaux dent
1 r)(le s l(00 hr( l (tIea . corn if1( l ta f;ichlrage i la I'coulernent se fail d uLne vitesse relalivernent
rr i rcI ;e !r l ( foOICh( iocliio rI ecacl(unlL , et faible. La vegetation ne cort pas avoir a sIbir un
1iriceiidi-. (It) fIIlot0lo(rlos 1 )rlO0JIcIues, lelles cmi 1e ecoulerrent constant car I hIMidIlt la tuera la
iu re t rouiler .e e r ), les troUpeduHx, ou la (1- rplupart clu temps. Les revelement de bitunle ou
trl.lire e 1 cirl ir.,'irlI (ils Iii, asilos (insectes, de 1e00h utilises pour la lotte contre I'erosion sont
cheilles). et (c) niolhodes nlecaiicmues, cornme la cause d'ecoulemerli rapicle pour des qUanli-



manual is also available in Spanish; see Ref. 20.) tection for pipe outlets, and (h) linings for
These controls are not intended to replace the diversion channels.
permanent erosion-control features mentioned in The eighth text is a paper entitled Impacts of
the previous texts, such as vegetation on the High-Intensity Rainstorms on Low-Volume
slopes, construction of proper drainage chan- Roads and Adjacent Land (Low-Volume Roads;
nels al correct locations, and erosion prevention Special Report 160, Transportation Research
measures at culverts. Board, 1975). It evaluates damage done to a

The text includes the following types of tern- network of low-volume logging roads in moun-
porary erosion-control foatrires: (a) sedimenta- tainous terrain by 2 cays of intensive rain.
tiori pools used to trap eroded material before it The text groups the failures into general clas-
reaches a natural waterway, (b) berms and sifications. It describes some common road
slope draius used (uring the construction of fill construction lechniques that could have been
slopes, (c) toe-of-slope protection to intercept used to prevent or minimize those failures. The
silationi tefore it enters the (itch or waterway, problems experienced included (a) the overtop-
(d) check dams to protect new ditches from sil- ping of roadways and subsequent washout due
tation, (e) check (datms wilh spillways for streams to debris-plugged culverts in drainageways, (b)
where flow iiust be maininec, (f) run-off bar- the inability of debris-plugged ditch relief cul-
roers ta protecl rrairi(ie inlets, (g) erosion pro- verts to handle the ditch flow that caused ex-

prai ets- tpo ( f1 ltro y sO use. El lexto incluyo los siguientes tipos de control
El ,o(l'iflioJ toeo. Suggestions for Temporary pro,,isono de la erosion: (a) lagunas de sedi-

Erosion and Siltation Control Measures (Suge- uetiltacidn que se utilizan para recobrar el mate-
r (ricii , 1),iI tiLe id( J it provitsorrii do control die rial "lesgastado antes de que Ilegue a una via
a, o(ro; or i y Fodllol 1!ciOll. Federal Hihway latural de agnJa. (b) las hernias y drenajes de
Ad.r rir,!t'ri, l 1 9' ). [if) Imir liti do rlledlaJIs peniente uo SO utlilizan durante la construc-
1)roviri(,t , 'I i C; ltlrI (Ii ' ) i OfrOs,0, (oII( p0o ciri de los penientes de rolleno, (c) proteccibn
(Irliii 0.(l11 1 ,1 on , (:I rlr',Ir0o(:In (1(? 1r, ca del pie de talud para interceptar la sedirnenta-
Ii[lli() {fh:t1 rl Ikll i ! 11 jiofir 0o jerw or l dis cibn antes de que Ilegue a una zanja o vaguada, xxii
p (riiu(2 eri 1,u), :wi i ,IH(, 20 ) F,,to', coitroles (d) ICLiques de contencibn para proteger las nue-
rLW) fe( l(lI.',1 Ii 0 (01 ef n)0 , I r rimtor(; rli- vas zanjas contla la sedimentacion, (e) diques
CiO ,1 o'; (;I l(..(i' (r(yio), r(' CUrfO id ve(je- de contencibri con aliviaderos para los arroyos
tacion on is r ( , . I, curistrmciotr r de ca- donde se debe rnantener el flujo, (f) harreras
sale- a(d c jito) (;, t(l( o on .i cur r ect as para proteger las entradas de drenaje contra el
ubicaciolr':, y rdor ,1(1 ((: (,1 o 1 O di e lia escurrinento, (g) proteccion contra la erosion
erosibil e1 i ti o H , para las salidas do los tubOS, y (h) revestimien-

to' rot ivorroril p.11(I r(,1. O u calrO s parois cages en grillage remplhes de rnoellons de di-
. or i I ;:;o::, U1r ro ,il (;,;I (.OLJI( onit rapide n iensions inferieure (gabions) sent recommen-
1)i)1 c ,rlo l , iffn jillefiel: , Ir eldrdlt avall dees quand la perite du canal est de plus de
(hJ row-"It er!t. ce (jiii elsluit. pou t s;ape co re- 10%. Le lessivage des particules fines pout 6tre
votrlor- .it of .v ti (wller( nt or ctaiser Ia ruipture prevenu par remploi d'une ou de plusieurs cou-
I)r0(Jf1o';IV(. SI 0 (v(.t(o Ti(N1 sOrt 50(11tS 1 ches filtrantes entre les pierres el le sol d'ori-

111e icIo10 (1 ;>,qwinelt., ou (,I I'eau dehorde par gine. Ce filtre inverse a ete invent6 par Terzaghi
l;ssu'> ou;trs, irew . Is ont dies chances d'btre pour emp6cher le deplacementl dU sol par ecou-

corr l)1001110111 re lot ,i, Les revOterrents de lemrent d'infillration SOuS les barrages. Les crid-
pi)iorr ( L2Ib ;0'.; PelOL a Ih1e coire I'6rosion rdduii- res pour I'ernploi de ces filtres e lour utilisation
;(2r it li vitesso (ff coJlerrrentri al s potverit dtre sont inclus.
sIourI's ai (m.":,, re.d-, o ie rtupture les pierres Le septieme texte, Suggestions for Temporary
pruven so deplhicer les particules firres qUi Erosion and Siltation Control (Suggeslions pour
sent sons lo; pierros! risg(l t (idtre enraines des mesures temporaires de contr6le de I'ero-
qraIreller 1101)1 par lean sion et de 'envasement, Federal Highway Admi-

Le thOie prlcipl-l dlo ce texte est la proven- nistration, 1973), est un manuel sur les mesures
lon ro lI rupture (Jes perrbs. La soluion mani- lemporaires de Iutte centre Id'rosion gui peuvent
fesle du( p)rotlorne du d6placement des pierres, etre requises durant la construction d'une route.
est de se servir de pierros plus grosses, mais (Ce manuel est traduit en Espagnol, voir ref. 20.)
Cuelquefors elles no sent pas disponibles. Des Ces mesures ne sont pas destinees A remplacer



treme ditch erosion leading to washouts, (c) the The ninth text is an article entitled Road
bank erosion and eventual washout of roads that Geotechnics in Hot Deserts (The Journal of the
closely paralleled the grade and alignment of Institution of Highway Engineers, October 1976).
strears (i,e., river grade roads), (d) the failure of Hot deseris provide a variety of design and con-
some enbankmrents due to saturation, and (e) structiin problems for engineers that stem from
the failure of cut slopes either frorn saturation of lh0 nature of the dry climatic regime and the
the soii, excessively steep cut banks, or under- desert landforms. These problems include ero-
mining of the slope by ditch erosion. Still other sion by water and wind. Engineering solutions to
failures were due to land-management practices these problems, based on good practice in
in areas aijacenl to the roads hut beyond the other regions, may not necessarily be success-
control of the design engineer. ful. An engineer must have a working knowledge

The lypes of erosion failures described in this of desert geomorphological forms and proces-
text can happen to roads in any terrain. These ses in order to properly diagnose the design and
filures aire pirlici larly common in nounlainous construction problems particular to desert areas.
terrain where the interrelationship between the This text discusses desert highway engineer-
rid and tho suirowriding environment is ex- ing problems in the context of a simple model
trornlely criil, based on mountain and plain desert terrain and

los paros s car ile- dh desvio no pudieron contener el flujo de las zanjas y que
El octavo texo es in inforne tlitulado Impacts causaron excesiva erosion y consecuente hun-

of High-Intensity Rainstorms on Low-Volume dimiento, (c) la erosion de los terraplenes y el
Roads and Adjacent Land (El mniicto de tor- eventual hundimienfo de caminos que igualaban
imientis he llti ilte r;li sol re los caminos de la pendiente y alinearniento de arroyos (es decir,
bajo volt(n(en y los t(rrenos adyacentes, Low- caminos con pendiente de rio), (d) terraplenes
Volume Roads, ')pof)ecil Reporl 160, Transporfta- que fracasaron debido a su saturacibn, y (e) el
toi Rbe e, c, B(nird, 1975). Evaiira el (I.anio sn- fracaso de taludes cortados debido a la satura-
fflio -)0f (iil 10(10 Ict il [io.ins (to d dJo vol'Ifnen cibn del suelo, terraplenes con pendientes ex-

xxiv Hitih.', do' pXri e! lr ',iion le de'to iror cos cortados cesivamente fuertes, o socavamiento de la talud
cir i(:r m i it / noso [liri: tdu [e i l am tornrenta ii- por erosion de la zanja. Otros fracasos ocurrie-
(t ,ivIi (to Ih via c ,2 di>; ilts o duraicib . ron dlebido a las prcticas de empleo del fe-

E tcl( to1rt i Ip ) 1wns lr acasos.; en clasificaciones rreno adyacente a los caminos y fuera del con-
tciiori1 i:; Dc[ cin o l g s (. CIIIC t S comunes trol dot ingeniero de disetio.

deo co0'trticirC r (10 ("iill iO!, gi 1 podriai haer Los tipos de fracasos debido a la erosion
pitovo iido () o ,i inor;nJI Ingellos hiacisos. Al(Ju- descritos en este texto pueden suceder en ca-
no' (JcO; 0" 1r( ii i, fh(i rorl (a) Ia, InnudaHc,:cidn miros en cualquier ripo de terreno. Son particu-
de Io!, car rilr1in y Nil rtrt 0', hifr 1 lllm 1tos ltarmrente comnines en el terreno montarioso
detiao ;i (lItr;. C)ll, tr ,(; Por (1e0C01os clond e es extremadamenle crilica la relacibn re-
eil 1his vhts (Jo 1 el(qiuO, (h) alcdntanlla, de alivio ciproca entre el camino y el neodio ambiente cir-
pi i 1lai - njas air r(;llorhlid , dIo do,echos gue cUIldanto.

lo; rlnostorc; dr cor ( oleroo p)Orri illili de I erosion, atteigne le,; hossbs oU los cours d'eau (d) les pe-
(JO I HOW) vot r, i 1),(11 10 !(.e l(:Ios pr) c be - fits barrages pour protgoer los fossbs neufs de
defit,;, 1le, (1 en I nhiere)01o ii de!, entes de I envasernent (c) les barrages avec dbversoirs
t(alts, Ihi (:oiitrnctiol e Ic carplit : (te (ra ilge pour les cours dfeau dont on doit assurer I'Ocou-
aldOcil it ,it (rd ii c licliit'; corect -, el los lemenl: (f) los barrages 1)oUr prote(or los ava-
lre iiOc, (1 ( revol io co1tre 1'fro'oJl tix Ox- loirs; (g) Ia pioleclion dos exuloiros, et (h) los
trorilt dc-. rica i(5.ii I( revbtloiints dos satlJiioo Istrales on Caiatux

[an:,; cc l ,Ic.. (lii rlocrit I(?, c( ri )it teiiil)o- (livergenit.
f'llies do (i tle cofrlt( Ih'losinil !siiv, 1its Le hiiidr10 texth e,:,l tLlle coMIiiln ICationI nlt-
(;a) 1o 1i::,di, clto ldimuitifl il (- folir re- tube Impact of High Density Rainstorms on
terlir 1w, 1 rlitla , wmr)(! ; aiVdtli (pil ih; ile .;oiOll Low-Volume Roads and Adjacent Land (IIrNacts
eriioflet, l :, i co() (u'-l J m (I,) 1(.!a torriO,- (I verses do Iorloe iut1onSitd .str lo.s ro0 tes eco-
01 I(', can. u ite"i r: deIr (Ii l1il, i l(j )Otrlo 1 1ollt0 iiOrni Jo S et O'- terrilns.. adll ml,, Low-Volume
to!, ro ihii, 01 0:, (101 h1; eI (or'; de, tornasse- Roads, Special Report 160, irinispOrthtiOli Re-
IIll-, (C)i Ie!'i lc (m nle dc; 111otocilon dOs pld"; search Board, 1975) On y bviflm e los ( (jiits
(oS 1,1Wtl; 1)o1r utorCOltor I vW iso avait grlc olle causes pitr deUx lOUrs de phil e itll e l,-;Str in



natural desert processes. The model consists of This text refers to the "Casagrande symbrnl" in
four zones, each wiih different desert character- the identification of scils. These symbols, wi 'ch
istics and different enyineering behavior. Be- are now a part cf the Unified Soil Classification
cause deserts are formed by erosion, every System are explained in A Review of Engineer-
facel of (esert highway engineering has its ing Soil Classification Systems (see Cumpen-
fOLIKJtlOll iI the understaiding of the continu- dium 6).
ing eros-,ion process. The tenth text is a report entitled Observations

The woer erosion characteristics for each on the Causes of Bridge Damage in Pennsyl-
zope are tabulated in Ttble 2 Outline Sum- vania and New York Due to Hurricane Agnes
wary of Runoff and Soil Characteristics of Desert (Highway Research Record 479, Highway Re-
Zones -and wind-erosion problems are tabu- search Board, 1973). In 1972 Hurricane Agnes
lated in Ta)le 5 Objectives and Methods of caused floods that have been called the
Dune and Drift Sand Control. greatest natural disaster in the history of the

El noveno texto e.s" ur articulo titulado Road un simple modelo basado en terrenos des~rti-
Geotechnics in Hot Deserts (La geotecnia de cos Ilanos y montarnosos y procesos naturales
caimurios en desiertos c'hril(o,, Journal of the Ins- de desiertos. El modelo consiste en cuatro zo-
titution of Highway Engineers, October 1976). nas, cada una con distintas caracterfsticas de-
Los cdesierlos-: c;bidos presentan a los ingenieros serticas y distinto proceder en to que respecta a
una vwrlaid de prolerias de disefro y cons- to ingenieii. Ya que los desiertos son formados
tHiiCi11 do(hido a1l WiJiMel cli 'ntco .-CO y for- por la erosion, cada aspecto de la ingenieria de
in&is de terirnn (tos-rlcm T"les problenias in- desierto tiene su origen en la cornprensi6n del
clItyerl Ili oro',Iorl ior i(piii y vielnto No serif,, proceso contnuo de la erosion.
I e(:os irt eulo. satli.~t(.c-tori 4is soluciones inI- Las caracteristicas de la erosion por acciOn
(terlOruoe hi d~lo e I,- buerias prcicas cho del agua de cada zona se tabulan en la Tabla 2
otrt Ire iji]o~i LI n(rtioro deera poseer un -- Resumen Esquemtico de las Caracteristicas
((:ioc e 'or ii:(oti. o ro I. forroas y procesos del Suelo y del Escurrimiento en Zonas Deserti-
(j(on(.irlolOc()i. den0rtOticos auites de poder cas, y los problemas de la erosion eolica se ta- XXV
(j,fnriOlAtc.r Ii i prohlelta (do (diser)o y cols- bulan en la Tabla 5--Objetivos y Metodos de
rLCC1011 li trii;.l tJrire; IL iares de desierto. Control de las Arenas Movedizas y de Dunas.

Estlo ,i, i i .ohJ e los; problemas ingenic- Este texto se refiere at "sfmbolo Casagrande'
!t :; ie ru imio (h? rlts;ieito en el contexto de en la identificacibn de suelos. Estos simbolos,

rosea do roules fore.t;rere en terrain nonta- cela n'est pas du ressort de l'ingenieur routier.
gJIieux Les types debpCit.; Sout class(s d'une Ces sorte de d(gats dOs l'brosion, peuvent
faQon ',, Des techiiques de construction se produire dans tous les types de terrain, mais
rOtitiero, ltJO Io1 a(irail po en)loyelr our prO- ils sont beaucoup plus frequents dans les ter-
voriir 0Lii riuuiini;er los chqats, sont decrites. Les rains montagneux, oi le rapport entre la route et
prohtle -l Os i on 16i Ire tafffortOs sent les sui- les alentors est particuli~rement crucial.
vauiltS l chat isude siit rnei (jOe et effondree a Le neuvibme texte est un aritcle intitule Road
ci.;o (o 'otstruclioll do porIceaiLIx )aIr (JOS Geotechnics in Hot Deserts (Gdotechnique rou-
debri; (h) I nicati);cite (JO!. (divorqoi.-, obstrubs tiere des deserts chiuds, The Journal of the Ins-
IaIr los dbi, e docouq(estionricl les losses, tiution of Highway Engineers, October 1976).

Clill!sa1ri fl i (H) ,i'oL1ilI(_rW e1tl 114issif rienntul Les deserts chauds sent pour l'ingdnieur la
iisr(ii; lffor in em ic l t foss :. (c) 'rosion des source d'une varietb de probldrnes, tant pour le
rivwi; et. ver iiii ellur erit. I (fori( rornontl do la calcul que pour la construction. Ces problmes
ctI ',i; iii(sede r o utes; cor ist rites" parlIolernorl proviennent du rcdgime clirnatique sec, el de la
taipro~. 0r wrl) lii lit duI (ifcours deanu ) forme c terrain ddsertique. Parmi ces probl0-
I ci oiIem ri (I. rcOrtiiri rermlt Lii; Jl'j i tinue .tn- hies, on trouv I'erosion eolienne et I'erosion de
air 10 0 ., ! .,2 of (() I' (JOl eIoTi t do (t ) I 'eau, Des solutions qui seraient basees sur des

Cau"sC'e (ll I)dt ar Li ,dtjr'imnr di 01. :;ot [lit rile mdrhodes prouvdes dans d'autres regions, peu-
peifle tro[i forte. loit p';r iffonllerinOl de doa vent ne pas btre couronnees de succbs clans ce
Fpeiite i ciruc de I6ro-iorr diu toss'e D'utres cas. L'ingbnieur rOLtier doit avoir une connais-
sortes d(o hi"jat-)l se CIs, COLX-Ci cause- par sance pralique de la geomorphologie clirnatique
Iauioniarjonieie t err ins adjacen1s, rnais e structurale du desert, pour pouvoir diagnosti-



United States. This paper evaluates the perfor- mote, most hydraulic bridge design is based on
mance of bridges subjected to that flooding. The flume tests of models. This approach introduces
two major causes of bridge (damage were scour the possibility that the model test results are riot
at abutmnen~ts andW piers and rmpacting debrs. directly transferable to actual on-site conditions.
The U.S. Army Corp of Engineers has labeled Experience has quickly exposed that part of the
Hurrica e Agnes a 500-year storm. technology which is too speculative because the

Bridge design is based on the OCCL' ,ence of bridge fails. However, too conservative a
a1n event Ihat has smrll chance of hat .iening in lech ol)gy may continue in use for years.
any given year. In developed countri. -, the stan- This text is included because it can be
daird crileria vary from a 1 to 2 perc 'chance evaluated as a full-scale laboratory experiment
per year that the desiin flow will be .. eeded in which !)ridges, ernbankments, arid training
(i e ai 100-year or a 50-yeair storma) 3ridges for works were tested to failure. It describes one of
low-volume roais do iot need to I., so conser- the few opportunities engineers have had to
vlively (lesigned but the basic c-, lations are evaluate those design procedures on a large
the s me. Becaujse bridges desic d to pass a scale. The text that follows discusses design
50-year slorin mre so costly and I chance of procedures developed to prevent scour and
findcling or recognzing ai 50-year s .,rm is so re- bank erosion.

que thora form'' . rie del Sistenia de Clasifi- Corps of Engineers considera el huracan Agnes
cacion cle Sueios "Unified', se explican en A comO uia tormenta que ocurre cada 500 arros.
Review of Engineering Soil Classification Sys- El diserio de puentes se basa en el aconteci-
tems (Repalso de lo,, sisternias ingenieriles de mieriro de un evento qLe tiene poca posibilidad
clasificaicin dho sulos, ve el Comperdio 6). de ocurrir en cualuier aFio dado. En los paises

El ( lcirtno tcxlo es tir inforrne Ni lulaolo Obser- desairrollalos el criterio normal es quie hay una
vations on the Causes of Bridge Damage in posibii.;dad (de 1 a 2 en cien por ario de que el
Pennsylvania and New York Duc to Hurricane flujo previslo serOi e.cedido (es decir, una tor-
Agnes Corn erinLrios sore las c-uJsa se IC(dao r irit3a gue ocUrre cadca 100 o 50 arios). No es
.-,iljri o r iore (i(t lo l htfii cii Agies en riecesario que los puenles par caminos de

XXVi Pet it iy!v, if i y Nu(wv,i York, Highway Research b jo vol0men sean diseJados en forma tan
Record 479, Hlliw, ty Roeo; rc r oar(J, 1973) catd-, pero los cilctulos bh,'sicos son los mis-
Fri 197 el liii',m i i s iiiddons; ll,;( 1 lOIe- inO Por rtzbn de que los puclttes c(JiseCiados
(10J. 5} C~ii(" Idn l (01 _ ( In ; v)isLJrlll , pav]i rnesislir Lul lorrmlen il de cadalJ 50 ar~os son
lp,i e el i I h-tori (Je los E!;tado Uid(os rlluy COslOSOS. y Cs refrnot, la posibilidad de en-
[1 Lo t1o0td lO : ev, h l Iori(ilii(?il O (1(2 lOS )Wilo'- cortrar y reconocer tal lormenla, casi todro di-
to,; aIfectalos por aiqella: iutir ,'iOni Las, dlof, sero hidrlirilico (J puerile so basai en ensayos
rd/1or 2.C. Iridis le ( , ( 1-o (Ie p1Jmute ftie.roll (o c C cfi i io lelos. Sc inlroduce Iai posibili-
el (lesg; isle por iccin c. J(e ii l " e;I r lo d 1(1 (Ic i mc lot; row'; II;(urOS de los o is yosa con
y pilar y el irnip fO (uln (J :hos i Eil U S Army miio(leloS rio saie (irecdamrneirtc raisferitiles a

(11er (i)orrC:IoHeit l- 1roh) licr t (je (1 (iclls rlo - Id ;si oOhcriin .c ont )rosenles ( le5r I tbli)lealj
rilrlorfl 0 (j colltri ( ti ri Firopi), d r(c') I,- rio 5 O jlecilof' et rilthodes (IC 'oilurole des
40.hrW)5 (Jmr ,% 0 01 ;( , etrioiicellomn ents ro ;;ile

D1Jfwr!; C(c ltexle on ( (:11 1 ils f u i A I fric (rle iw, i o to e.t , or, mieifioine Ic(; "syrrnioles de
CWrIIlritiI0 ii OitllWr(r Orl ;A)Orl irllt r.od01e ;ir- C(isfm rrur(Jfm (ri r;l;)rt ;Iv!2c I i(Jertificl;liOrl des
ple, b)% sir r ; crri-s dc" er(Jtwi mim e rl i l- %o: Co ;yrhmo1o-, (q11i rdl iterlilhI fortl pirtie
Itpi( e 01 (Ie plaiie e1 sur I, -j- orrioipluologie dim (e hd C .rfi I ori Urifie o- Soi y, rIont expli-
(1.erl. L.e iliOd i(l, sC collpOO;e do (teie./oii-, gumwe!; fais rl/)tf0 r; tim il [I(, G, te'. io 1, / Re-
guli ot de c(i;tcristigucs d.sertimc- rJiffe- view of 'ri',rori.m Soil C' ti on Syst.fms
rotes et Ll C Ocnportoml'e t ro iC0r (liffere ite- (jo;.,(iri to..( t-, c imi r a);)p0 rl itilit0 Obser-
Colnine les rheserts sol forrics .m i(i Ic rone';- votions on the Causes of Bridge Damage in
;(ls croslf, lolJles Ic -:l; l) 1 5i , 1, (J .I(t c irili ctinil Pennsylvania and New York Due to Hurricane

rOMtii O on i r lSor, doo - i m otrnit fo() lh .; ';Wi, Agnes (Ol)sorv,iliois ,ur lo.s ormpiii wi. d(s omri-
uine conusSdlico .501(10 (k, c( C on(.g' m An. > po)ts d; m0talS (Ic Pcnrisyl-

Loes cariclrilstL-gnes (1(. !0ros orl (1d0 I; (,:iL ais Var iia eto New York pir I'our agan Agr0S,
chaquc zone soul class eesl (ir; Ic It;ibleam rio High, iy Research Record 479, Highway Re-
2: Scherma S';o0rlmai re (L( e101)l ot des caractlris- search Board, 1973). En 1972, un ouragan,
tiquies (los sols (icsertiques, les problemes de niomni Agnes par les services mdlorolo-



The eleventh text is excerpted from Guide to presented for estimating general scour in con-
Bridge Hydraulics (Roads and Transportation trolled waterways. At least two of them should be
Association of Canada, 1973). It presents pro- tried and the results compared. Because no
cedures used to design waterway openings and method has yet been devised that is completely
cha-nnel training works to pravent the types of reliable, discrepancy between methods can be
failures described in the previous text. expected. However, great caution should be

The first excerpt, Chapter 4: Design of water- exercised if large differences occur that cannot
way opening for scour and backwater, defines be justified using the various criteria given in the
the principal categories of bridge scour (the text.
lowering of the channel bed by erosion) and Local scour around piers and abutments oc-
presents methods of estimai-g (a) general curs in addition to general scour. Therefore, cal-
scour in controlled waterway openings due to culated local-scour depths should be added to
consriction of flood flows through the opening, the general-scour depths. Local-scour calcula-
(h) local scour around piers and abutments due tions use simplified relationships derived from
to vortex systems caused by obstructions to the model tests that give an indication of the worst
flow, and (c) natural scouir in alluvial and tidal scour that might occur. Debris accumulations
channels due to varialions in flow conditions and around piers may substantially increase the ac-
related chlnnel processes. Four methods are tual local scour so that refined estimates of local

1as condiciones de Ia verdadera ubicacion. La los procedimientos de diseflo desarrollados
experiencia y los fallos en los puentes han des- para evitar la socavacibn y la erosibn de las ori-
cubierto aquella parte (Ie ki tecnologia que es Ilas.
dernsida.-i teoric, Sin orniargo, una tecnologia El onzavo texto fue extraido de Guide to
dermi sK ido ca-luta puede sequir utlilizAtndose du- Bridge Hydraulics (GJfa para la hidriulica de
rainte -os pientes, Roads and Transportation Association

SO iricliiye osltteextO porKLie puede evaluarse of Canada, 1973). Presenta los procedimientos
corio ri exfpeirirento ce kihoratorio en escala Clue se deben utilizar en el diseio de entradas
natjral on donde los puentes, lerraplenes y de vias de agua y obras cie canalizacion para xxvii
ot)r is do c. i,i 1lizicior ;c enstyaror hasta el evitar los tipos de fracaso que se describen en
il ito dei Ir icaso Describe unaCidelas pocas el texto previo.

oportirii'd!,S oin (liie los ingenieros han podido El primer exiracto, Chapter 4: Design of wa-
evilua-ir aquellos proce(iiientos de diserto en terway opening !or scour and backwater (Capi-
escala gram e. El texlo quo siguCe habla sobre tulo 4: El disehio de entradas de vias de agua

giIe,', causa des inondations qui furent jugees les ponts dimensionnes pour pouvoir ecouler le
le plus (ri ind cataclysrne niturel de I'histoire debit d'une crfie ayant Line probabilite de surve-
des Eta Unis Dans ce r pport, on 6value le nance d'une lois tous les 50 ans sont si coOteux,
corpor _eent (JOS pelts ii ont 06 soumis -I et que C'autre part, la probabilitO de trouver, ou
ces inorin ,itions Les ph is grands d (ats furent de reconnaitre, une telle crOe est si distante, le
caLis6s par I,.ffotuilement cs cnlees ef des piles dimensionnernent hydraulique des ponts est en
et Imrpaict des (obris flotants. Le U.S. Arny fait calculb, la plupart du temps sur des modeles
Corps of Engineers (Genie iniltaire des Etats d'essais sur canal. Seulenent ce genre d'ap-
Unis) ai estirnb cel ouragar cone ,yant Line proche introduil Ia possibilite qu'on no piuisse
prohlIa ilito de SUIVenlalnce d'une lois oUs los transfgrer directemenit les rbsultats des essais
500 wis. en lahoratoire aux conditions telles qu'elles sont

Le calcIl de!, pouts est t isO sur (ri evene sur le chantier. L'expri nce c) dbrmontrd rapl-
ment gilI iil H )rohabilit Cie survem ince Ml- Clement cette partie de la technologie qL etait
rnelle rem r6cfiiite [);ins I,,- '--ys developpbs. trop sp~culative, en catsant I'ffondremerni des
los ciitbres (e bir icr sio-; in lierert C'tln p)Oll W - )eril. Cepen ard tll tine lechrlotogie Irop cor iserva-
riet d'iiinc ii (Jeux chnlrces stir cent quc le C(0b1 tnce peut contin er fI etre Litilise pendant des
pour lequel il t conqu soil srirpasso (c'est w arinoes
dire Line prohahibil de sirvcnance c'ne oiS Ce text( est iluhs car iI pent etro conlsicibrb
loris les 100 ans el uine lois lous los:! 50 ans). comme un essai de laboratoire en vraie grand-
Les ponts des routes bcononiiclues [fonl pas eur dans ICluel, les penis, les digues, et les
besoin d'bre calcules de faQon aussi rodrbe, ouvrages de guidage, ont erO testes jusqu'Y la

iars le calcul die base resle Ie rirne. Pusciue rUptUre. Ce texte decrit un des rares moments



scour are often not warranted in debris-laden channel bend because bends on alluvial
waterways. streams are usually subject to significant scour

Natural scour at uncontrolled bridge crossings during flood periods.
is estimated where the proposed waterway is so The second excerpt, Chapter 5: Scour protec-
wide that it does not constrict the flood flow. In tion and channel training works, presents the
such caSes, it is still necessary to allow for general principles of design that will ensure a
natural scour of the channel and for local scour structure's withstanding scouring at the depths
caused by the piers. This is especially imporlant determined by using the methods presented in
where an uncontrolled crossing is located on a Chapter 4. Several solutions are offered. The

pird evitr el desqste per accibn del agua y justifican utilizando los criterios dados en el
corntr,-icorr rites), define las principales catege- texto, se deberi emplear cuidado.
ria i d socavacibri on Os puenItes (el desgaste Ademas de la socavacion general, ocurre la
del echo del cdnal per erosibon) y presenta me- socavacion local alrededor de los pilares y es-
lodo; paw cilcailatr (a) la socavacibn general en tribos. Por eso, profundidades calculadas de la
Il,- our(J-r; corilrot KJds de vias de agua de- socavacibn local deber, n agregarse a las pro-
hido l i corstriccOin del catda:ll de avenidas fundidades de la socavacion general. Los c~lcu-
por a tberhrlit I )Ia :)ocwicvaionf local alrede- ios para la socavacion local utilizan relaciones
dot de Io pilare- y etrih s debido a sislernas simplificadas derivada-; de ensayos de modelos
de rernoli ro, c(aititdos per obstrucciones en el que dan una indicacion de la socavacion peor
fhio, y (c) !a socavaciori ilatural en los canales posible que pueda ocurrir. La socavacibn local
.uiltvi;snos y los (e iniiroi debido a varraciones verdadera puede ser considerablemente au-
err fas condiciones de flujo y otros procesos de mentada per acumulaciones de desechos y de
canal cono o, Se prosontar cuatro inlodos esta formna no se justifican los cIlculos delalla-
pa-raj ostirlit l oc ivaciori general er las vias dos de socavacion local en las vias de agua re-
de ,iga cotl t itrolidis So dether )n probar per lo pletas de desechos.

viii r iros do," y coinparar los res illados. So puede La socavacibn natural en cruces de puente no
po.rar clfereicias ya qote it n, ie se ha ideado controlados se calcula donde la via de agua es
i 1to0(o cOtii)rI ,rimotit ifa lit.lc. Sin em- tan ancha que no obstruye el caudal de aveni-

t;i(to, ,vi o(iJrrt ririt ( 1r 0 de,,iorercicia:s que no se das En tal case es aOn necesario tener pre-

oti lo, in(jetnur, orl (j hIi posibililb fevaluer des piles e des culees dO aux remous causes
on r idi(t r raltuiroile lels ri Othodes de calcul, par des obstructions, (c) I'affouillement naturel
Le.- tol (Iiii t (i -,si(ito dos iethodes de cacuil des cours d'eau alluvionnaires et mardes, dO
ritto " rt-o , ,t o, r r I iffoillmeor it et 1I'ersiort aux variations du ddbit et autres processus natU-
(dto, hwir, JO, rels. Qualre methodes pour estimer I'affouille-

I trr (;nthi.t t , t ,t e.'tr;tit dhi livre Guide to merit gbndralisb des passages d'eau controles,
Bridge Hydraulics (( de de I hydrauhiliqe dos sont presentees. On devrait au mons essayer
l)ot t. ko, (1,, at ir a ir,- l,,or1jttoti Ass,-ociation of deux de cos methodes et comparer les resul-
(I> ti I Iii, 197:L) Do-'; m tltode,. Ith Ii olir tats. On p[)P l s'attondre ,a trouver une cdifference

(I'. ti-s, gs el It' oiivragos do entre les ti ,'.1tats car il nexiste pas encore une
roeectiori 1 0 o corol( powr [prevorilr los gon- methode at.bsolurnorl sore pour faire le calcul.

to', fdo -,i O, cite , ths (it 10 le precedent, Cepe dant. On devra:t fIire exlr6Irionent atten-
orit p ,:tor', lienstn si on so trouve on fice de grosses differen-

Lo prortlior e,,rtit e1 I clatqwrue 4 Design of cos lu'on ne pot oxpliquer on jtilisant les diffe-
waterway opening for scour and backwater (Lo rents crildres tihisds dan, le 1exe
Calcul de ) , (?I li erl rviltrIlt I'aiffoilt(- En plus de affouillemet (gen ra iso, i1 so pro-
ttrilt (0 le, r(tri)lO1,) Co c ,pitte rho1-no ijti (dO- dult 01n aiffo1illlOrlotr local autor de!; piles el

finiliori dho' cit ,l logi,', priicipi Io> i affoillotili -nt dos cuko s D onc, 'l Ia prolondeur d'affouille-
loes pout., ir i ji; ii '. ttrrit dui It pi; it O ri) et nenl qbnera Iisb. o 1 dOl aJOl tler la profondeur

prdsente dos, rl0tlhod(s i)otj r Ost rt o (ii) Iaf- 'affollllolen nt local Lo calCul de 'affou;llernent
fouillot rol gerier lh,,0 ie, ( as (em oau local se fail er-i utilisal des rapporls simplifies
corilrbles. ctius6 ),ir ,a rrhichor de lIargeur du drives de rnodeles d'essais qui inchiquent I'af-
lit aiu droil do I ouvr ie. (h) I'alfouillernenl local foullement maximum possible. L'accumulation



choice among various alternatives depends on a (i.e., their use should cost less than the cost of
great many factors, including load-bearing re- routing the road to a more favorable bridge site).
quirements, subsoil conditions actually encoun- The types of bank protection discussed include
tered, economics, feasible construction methods (a) bank and slope revetments, (b) guide banks
and schedules, and inspection procedures. or spur dikes, (c) spurs or groins, (d) dikes, and

It also discusses bank protection and training (e) channel diversions.
works used to protect a bridge and its ap- The third excerpt includes Appendix Ill
proaches from flood-water damage. These ero- Example of partial design of waterway opening.
sion prevention measures should be considered It illustrates some of the procedures for selecting
when the location of the bridge is being de- the width of waterway openings and estimating
cidcd. Often their use will make naturally un- general scour as discussed in Chapter 4 (calcu-
favorable siles usable. However, their costs lations included do not cover a complete hy-
should not exceed the benefits to be derived draulic design); Appendix IV: Sampling and

sente la socavacion natural del canal y la soca- Tambien habla sobre la proteccidn de las ori-
vacibn loc l causada por los pilares. Esto es Ilas y las obras de canalizacion que se utilizan
especialmenle importante donde los cruces no para proteger el puente y los accesos contra el
controlados se ubican en una curva en el canal, darno causado por inundaciones. Se deberan
porque las curvas en los arroyos aluviales nor- considerar estas medidas de prevenci6n al es-
rmalmente sufreri Mucha socavacion durante los coger la ubicacibn del puente. Es com~n que su
periodo.; do nuridacion. uso haga posible la utilizacibn de una ubicaci6n

El securndo extracto, Chapter 5: Scour pro- poco favorable. Sin embargo, el costo no de-
tection and channel training works (Capitulo 5: ber6 exceder los beneficios acumulados (es
Proleccion coitra la socavacibn y obras de ca- decir, su uso debera costar menos que dirigir el
nahizacibn), presenita los principios generales de carnino hacia un cruce ms favorable). Los tipos
di ;on1o Clue aisegnirarln que una estrucura resis- de proteccion de orilla mencionados en el texto
tirh Il sU;ocvacrdn 1 las profundidades determi- incluyen (a) muros de contencion de orilla y ter-
nlad.; 1lhlizando los nibtodos presentados en el rapl(rn, (b) muelles de guia o contradiques, (c) xxix
Capitulo 4. Se otrecen varias solucrones. La que puntales o espigones, (d) diques, y (e) desvios
so elh(s entre Iis vrias alternativas depende de de canal.
rMLINY lIu, lctores, tales coruo los requisitos de El tercer extracto incluye Appendix Il: Exam-
cripi)cidad do carg a, las condiciones del sLJb- pie of partial design of waterway opening
snJelo (ue realnente so encuortran, la economia (Apendice IlI: Un ejemplo del diserro parcial de
polilicai, motodos y pro(gramas de construccirn una entrada de via de agua) Ilustra algunos de
factibies., y procedifiientos le inspeccion los procedimientos utilizados para seleccionar el

(IC c~ rlot r is L101.i (le piles peL i accroitre de Ifa- contre l'affouillemeii el ouvrages de contrble),
Qorr stIfst;-, iollr Ie li0fonilleMent local Potir celle otfre les principes generaux de calcul qui assu-
r,ais,,;on on naij pus beon de calculer de tres rerons Ia rssItanice d'un ouvrage ) I'affouille-
p~ros I'affonillenet local des passages cI'ela qui ment, amx protondeurs d(terminbes en utilisant
soul souvert eiricormbrbs (IC debris. les rnibtlodes presentbes au chapitre 4 PLu-

lalfourllenioit gbneralis6 des passa es d-'eanm .etr ; choix sorit offerls Le seleclion de la me-
nrion-coritrolos, c'est i dire o(i il n'y a pas de cons- lhode depend dun evenitail de facleurs, entre
trictIorH di (ILI . oLi de eplicenent du lit car I aulres, les criteres de capacit portante, les
cor-; J'o est I rds large st estirm. Dar is ces conditions dLi SouS-sol, les facteurs bcoriomiques,
cais on d i nl q j inr ieme calculer I'affouilIemrei los m6thodes el los c-Olaiis (ie construction pos-
g en(bI IIs0 e1 IffoLrI1lHiI1rnrt locil cause p ir les sibles, et enfir les proced s d'inspecion.
ples. Coci est trds iiupor talit, spr~claIlemnit danrs On disciite aILussi Li protection des berges, etle cas oli I( passae d'eau noin-conlrol6 est les ouvraoes de protection et de conlrle nLilis(s
pAce (aiMs cLM coude de la riviere, car clans les pour preserver les points et leurs acces ces d6-riveres alluviontaires, ces coudes sent l'objet gats (JIS aux iriondations. Ces m(thodes prb-
d'un affonillement assez considdrable durant les ventives centre I',rosion devraient 6tre prises en
periodes de crues. consideration aci moment oi on fait le choix de

Le second extrait, le chapitre 5: Scour protec- 1'emplacement du pont. Souvent, leur ulilisation
tion and channel training works (Protection permeltra de se servir d'un site qui, I'tat natu-



analysis of channel bed materials; and Appen- books that could be listed, it is not the purpose
dix V: Theoretical basis for competent velocity of this bibliography to contain all possible refer-
data, F.gure 4.12 and Table 4.1, which are also ences related to the subject of this compendium.
referred to in Chapter 4. The bibliography contains only those publica-

tions from which a text has been selected or
Bibliography basic publications that would have been

selected had there been no page lim:t for this
The selected texts are followed by a brief bib- compendium.
liography containing reference data and
abstracts for 24 publications. The first 11 de-
scrie the selected texts. The other 13 describe
publications related to the selected texts. Al-
though there are many articles, reports, and

ancho de entradCcas de vias de agua y para cal- primeros 11 describen los textos seleccionados.
cular Iai sociivaicibn general segin explicado en Los otros 13 describen las publicaciones que se
0I Cap[)itulo 4 (los cc'Iculos que se incluyen no relacionan con los textos seleccionados. Aun-
con ponen un cliseo hidr:Lulico complete); Ap- que bay muchos articulos, informes, y libros que
pendix IV: Sampling and analysis of channel podrian ser nombrados, no es el propbsito de
bed materials (Aprndice IV. Muestreo y analisis esta bibliografia contener todas las posibles re-
de materiales del lecho del canal); y Appendix ferencies que se relacionen con el tema de este
V: Theoretical basis for competent velocity data, compendio. La bibliografia contiene nicamente
Figure 4.12 and Taole 4.1 (Aperidice V: Base aquellas publicaciones de las cuales se ha se-
teorici pairat datos adecuados de velocidad, leccionado texto y las ptublicaciones b~sicas
Fi(gra 4 12 y rtbld 4.1), a los cuales tarnbibn se que hubieran sido seleccionadas si no hubiera
tefiere on el C;ipitulo 4. un limite al numero de pa'ginas en este com-

pendio.
×xx Bibliografia

So drIic a1 los Ioexos seleccionados con una
S(OVC t l)tJC)(JraliaJ que contiene los datos y abs-

tr,iclo; de rolorencia para 24 publicaciones. Los

rel, nest pas trot; ftivorablo Cependant, le prix velocity data, Figure 4.12 and Table 4.1 (Annexe
de revieort de c' , oiivrages ne dolt pas exceder V: Base theorique pour donnees de vitesse ac-
les Ibrriofic-" de~rive; (Ce leur construction (c'est ceptables).
i (li1o. iI (lovr ( T! ( orO icl(dre Clue le coCit de

C1 ii sjor o IittC0 di e i, route pour arriver cr un
.,ito ft,.,_r io) Los genres de protection des Bibliographie
her(j os gil WO11t di sciItbs sOnt (a) le rev~tement
(U'c; UO O (It e(10S p)sites: (h) les ouvrages de Les textes choisis sont suivis d'une brbve biblio-
leflecti~on. eL! 1 juos en bpis: (c) les bpis: (d) !cc graphie contenant des donnees de ref.erence:2

(Juiyo.,, (-!t (o ) i(. (Jetournemnert CILl lit du cours et des analyses de 24 publications. Les pre-
(I miers onze decrivent les textes choisis. Les au-

L. tri ',ierro e.,r,it rnclul Appendix Ill: Exam- tres treize dbcrivent des publications apparen-
ple of partial design of watrrway opening (An- lees au theme des textes choisis. Bien qu'il y ait
n-c III E.'erple (e calcul partiel des passages beaucoup d'autres articles, rapports et livres qui
(I eli) I! lh tre( cortins des procedes utilises pourraient btre inclus, l'objectif de cette biblio-
p)otit cih l ;,r i, 1, r(ple di passage et estimer graphic n'est pas dnumerer toutes les rbfb-
I itfur ;il!ori icrd it nC, rjbrbi a . g out ble cdiscuts ou rences possibles ayant rapport an sujet de ce
cl i-ap it- r (Io4 catlculs ne comprennent pas recueil. Donc. cette bibliographie, telle qu'elle,
ceIi CLI (eriolisioniremenit hydraulique coniplet): se rapporte seulernent aux publications dont
Appendix IV. Sampling and analysis of channel nous avons choisi des extraits, ou aux textes de
bed materials (Annexe IV: Echantillonnage et base que nous aurions choisis aussi, s'il n'y
analyses des materiaux du lit du cours dean): et avait pas de limites quant au nombre de pages
Appendix V. Theoretical basis for competent de ce recueil.



Selected Texts
This section of the compendium contains compendium are outside the frames and appear
selected pages from each text that is listed in in the middle left or middle right outside margins
the table of contents. Rectangular frames are of the pages. Page numbers that are given in the
:sd to enclose pages that have been table of contents and in the inde < refer to the

reproduced from the original publication. Some compendium page numbers.
of lhe original pages have been reduced in size Each text begins with one or more pages of
to fit inside the frames. No other changes have introductory material that was contained in the
been made in the original material except for th.- original publication. This material generally
insertion of occasional explanatory notes. Thus, includes a title page, or a table of contents, or
anfiy errors that existed in the selected text have both. Asterisks that have been added to original
been repiroduced iii the compendium itself, tables of contents have the following meanings:

Page numbers of the original text appear *Some pages (or parts of pages) in this part
inside the frames. Page numbers for the of the original document appear in the

Textos seleccionados
Esta seccibn del compendio contiene paginas recen dentro de los recuadros. Los nOmeros de
Uc'oleccioenadas de los textos c-'alogaries en la pagina para el compendio estn fuera de los re-
tibla de rtaterias. So utilizan recuadros rectan- cuadros y aparecen en el centro del margen iz-
jJnlarU I amra encerrar las paginas clne han sido c[Uierdo o derecho de cada pagina. Los nime-

)r i todii(-i (,; e a ii ilicacibn original. Algnnas ros de pigina que se dan en el indice del com-
d( : It ci t (n nalf,- u li a sido reducirlas pendio se refieren a los del compendio.

r i tt it it Io r cti adrtes No se i, in hecho Cada texto comienza con UJna 0 iTlOS p[Jginas
gutifl(); cts()c e; carif II; en el ateil riil orijinal de material de inltroduccibr-, que contenia la pu-
,.(.chtiiitiJli) .l (;' not ,; aclaraIoras C (e do blicacibn oriinal. Este material generalmente

r,, I sar I. Inl Id tri - ei1o ( trt(j -iits De estai irnCILIye na )gina tiLUlO, urLi indice, o ambos.
ltrt!i c c tid(tri r (errer pie litihier; exitdo en el Los asteriscos clue han sido agregados al (ndice
tfl,,' ;olhcc cri'idrl) hi sit( rtuI)ro) tC(Jd) ei el Orlil/ll siglitfican 10 SigUirnte:

cAlgunas )ginas (o parles de pigina) en
Lo!. i t1tro. (1c i i),ij rm, h1(l le lo Orl(Jlill tlapa- esta parle del CIocUrM ento original aparecen

Textes choisis
Celle )Irt tie (II rc: 'ioil (ri (ir ; itl ections ex- I'extbrieur de I'onrcidremenl..soil '- (roite, soit 1
tr,utfi, (ds ) pij :ibc itri ; ti(!(tw(e) a- Ii ltable des gauche de la rnarge extrlrie ro des piges, et esl
r tiati e i [.' I(i( ; (Ii Iiii ct( rrpult;l (fill se)I l celle (1li 0s cl de dans Iai tale) (10F majtiores 0i
r(; in ala( s <, a-;( r i ; ht rt. ; ii / ( i tt / ri c iiI lfl~ t citS I'r inrex (lij rectioil.
f('(1 Iri;il;irq (1t1rlric fl'(;gr ; ()fit (Ii Oru r(;(tii- ChlKgne l(xte COntinenfCe LI CI OHi am pln eu rs
1w , )Oir 11(1 ,i c ! r f itr, l iwcc s rs (Ii Itr i fre- ;)i cis d'inlro nti i (liil claictr IItCii (s r Iis tf
titril t..i ' tcth, trifi, 6 fit ','i f"tlri;, tni(J tetD Ociijiit,:l C(.x. I);- s s (; sot it r l ettitr l(
;l iIf p) w i (Iil. . I lr(:, ihri (11ii il l dO itre, Oe Ia lable des mafiter'S, Oti l;S rioux Des

ItI.O(,'titr ; )rIc. 'II l ,t. iri iril ceilfefil d(c - ast ridlnes ofIt Ol ijotit s a Ia tab)e des fraleO-
erret'f irs. iJlle. cent r.p[)rer[iltes ait;.]s Ie recijei res d'origiile, pour les ra.tiSOnS SLJiVal1tes :

La mcjifittitloi Orgriitale a;prail a Iinlerieur do "Certaines pages, ou [portiois des pages,
l'encadrement. Lai paginaion du recueil ost a dans cel extrait CU document original sont



selected text, but other pages (or parts of preceded by asterisks in the tables of contents
pages) in this part of the original publication of the respective publications.
have been omitted. Broken lines across any page of selected text

"*All pages in this part of the original indicate those places where original text has
document appear in the selected text. been ornitted. In a number of places, the

selected text contains explanatory notes that
have been inserted by the project staff. Such

The selected texts therefore include only those notes are set off within dashed-line boxes and
parts of the original documents that are begin with the wore, NOTE.

en el texto seleccionado, pero otras piginas cos en el fndice de las publicaciones respecti-
(o partes de pigina) en esta parte de la pu- vas.
blicacin original han sido omilidas. Lineas de guiones cruzando cualquier p~gina

"Todas 1,-s paginas en esta parte del docu- del texto seleccionado significan que en ese
mente oriinal tinfion aparecen en el lexto lugar so ha omitido lexto original. En varios luga-
selec(c"O fll(do res el lexlu seleccionado contiene notas aclara-

doras clue han sido iH troducidas per el personal
Per lo tanfto, los Ilextos seleccionacos unica- del proyecto. Tales notas est;,n insertadas en
mente inclhyen aguellas partes de los documen- recuadros de guiones y comienzan con la pala-
loy; oirjginaes qote estain precedidas per asteris- bra NOTE.

incluses clans les textes choisis, mais d'au- pr(c6d&; d'un astericue dans les tables des
tres pages (on portion de pages) de I'edi- matiere des publicalions respectives.
tion origifriale ont Me6 omises. Les ,ignes bris(es sur les pages des textes

"TOLes le J pages danms cet extrait du docu- cl oisis indiquent les endroits oCi le texte original
mnt oriqirlral s;cmt inrin(sos dans los textes a e1e omis. A certains endroits, les textes choisis
cho isl" contiennent des explications qui ont 616

inserbes par notre personnel. Ces explications
Los lextes choisis, ctonc, incluent seulement sont entoures d'un encadrenient en pointille, et

ces exlraits des documents originaux qui sont commencent toujours par le mot NOTE.
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EROSION AND SEDIMENT CONTROL
IN HIGHWAY CONTRUCTION

1.0 Introduction

The impact of highway location on tile environment is a major concern of tile
highway engineer and the public. Highways not properly located, designed,
constructed, or maintained are at times subject to erosion and may contribute
sediment to streams. Serious erosion not only results in unsightly conditions and
increased maintenance costs, but can be a safety hazard.

The control of soil and water is basic to the protection of the road structure
and the conservation and environmental effort; therefore, highway design,
construction and maintenance procedures must be continually evaluated to
minimize erosion and sedimentation problems The success of erosion control
measures is evidenced by the many miles of highways now serving the traveling
public without serious erosion.

The policy for erosion prevention is well stated in the American Association
of State Highway Officials publication, "A Policy on Geometric Design of Rural
Highways," (I)! as follows:

"Erosion prevention is one of the major factors in the design, construction
and maintenance of highways. Erosion can be controlled to a considerable
degree by geometric design, particularly that relating to the cross section. In
some respects the control is directly associated with proper provision for

6 drainage and fitting landscape development. Effect on erosion should be
considered in the location and design stages."

"Erosion and maintenance are minimized largely by the use of: flat side
slopes, rounded and blended with natural terrain; drainage channels designed
with due regaid to width, depth, slopes, alignment, and protective treatment;
located and spaced with erosion control in mind; prevention of erosion at
culvert outlets; proper facilities for ground water interception; dikes, berms,
and other protective devices; and protective ground covers and planting."

Although some standardization of methods for minimizing soil erosion in
highway construction is possible, national guidelines for the control of erosion are
of a general nature because of the wide variation in climate, topography, geology,
soils, vegetation, water resources, and land use encountered in different parts of the
country. Also, since the erosion process is a natural phenomenon accelerated by
man's activities, technical competency in evaluating the severity of erosion
problems and in planning and designing preventive and corrective measures is
essential in obtaining economical and environmentally satisfactory methods for
erosion control.

Erosion control guidelines should encompass all phases of highway
engineering. To realize economical and effective control of erosion, therefore, the
major headings used here are: Planning and Location, Design, Construction,
Maintenance, Research and Development, and Legal Requirements and Responsi-
bilities.

-Underlined numbers in parenthesis refer to publications listed in references.



Compendium 9 Text 1

2.0 Sources of Information

Publications containing infomlation on erosion and sediment control are
listed in Section II , References.

Most state highway organizations have specifications for establishing ground
cover and planting trees, shrubs, vines and various erosion control measures.
Qualified personnel within the highway organization should be consulted in the
preparation of plans and in supervising erosion control construction.

Local Soil Conservation Service field offices of the U.S. Department of
Agriculture arid various state agencies caii provide valuable assistance to the
highway agency in solving local erosion problems by suggesting vegetation suitable
for the locality. Aerial photographs can be used to identify soil types (2) and study
land forms and erosion potential.

3.0 The Erosion Process

An understanding of the process of erosion is necessary as a basis for
adequate control measures.

Soil erosion is caused by rainfall which displaces soil particles on inadequately
protected areas and by water running over soil which carries some soil particles
away. The rate of r2moval of the soil particles is proportional to the intensity and
duration of the rainfall arid to the volume and characteristics of the water flow and
soil properties. In sonic areas, erosion is caused by wind or runoff from snow melt.
Deposition of water-borne sediment occurs when the velocity is reduced and the
transport capacity of the flowing water becomes insufficient to carry all of its
sediment load.

Soil erosion can be classified as either natural or accelerated. Natural erosion
is a geological process over which man has little or no control and may be very slow
or rapid depending upon various factors. Where man has disturbed land by
construction, there may be a sudden large increase in erosion, producing accelerated
erosion. Accelerated erosion is the type of erosion that should be controlled during
highway construction and after the highway is completed. In areas of considerable
natural erosion, the quantity of sediment that reaches a stream before highway
construction begins should be documented, at least in a qualitative way. Seldom
carl control measures taken by highway agencies reduce the natural base sediment
production of the area. Locations with a high erosion potential should be avoided,
if possible.

The causes of erosion suggest sonic basic principles for erosion and sediment
control. Some of these principles are:

a. Select a route where soil erosion will not be a serious problem.
b. Design slopes consistent with soil limitations.
c. Reduce the area of unprotected soil exposure.
d. Reduce the duration of unprotected soil exposure.
e. Protect soil with vegetative cover, mulch, or erosion resistant material.
f. Control concentration of runoff.
g. Retard runoff with planned engineering works.
Ii. Trap sediment by temporary or permanent barriers, basins or other

measures.

2
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Steep banks save right-of-way costs, but are difficult to maintain. Steep bank in
photo at left eroded and sluffed to that shown at right. Such slopes are difficult to
maintain and can be a safety hazard.

i. Maintain erosion control work.
j. Obtain easements for legal control, where necessary.

4.0 Planning and Location

Effective erosion control begins in the planning and location o' a highway
route. All possible highway routes have a base erosion potential and this potential
varies from route to route. Unless damage to the environment is considered in
selecting the route, the cost of solving problems that might have been avoided
sometimes becomes great. The initial cost of the erosion control measures and the
maintenance costs of such control over the anticipated life on each of the routes
under study should be considered as a part of the economic analysis in route
selection.

4.1 Natural Drainage Patterns

The natural drainage pattern, including subsurface flow, should be examined
for the alternate routes considered. The drainage pattern beyond the vicinity of the
proposed highway location must also be studied to minimize and avoid damage to
adjacent property or streams or to anticipate expensive preventive or corrective
measures.

4.1.1 Stream Crossings

Whenever practical, stream crossings should be made at stable reaches of a
stream, avoiding meanders that are subject to shifting. A highway constructed on
the neck of a horseshoe bend that is subject to overflow is a poor location because
the correct location of relief bridges somletimes varies with the flood stage. The
direction and amount of flood flow at various stages must always be considered in
the location of bridge openings to avoid undue scour and erosion which might
result in a complete change in the river channel.

3
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Crossings should be made as nearly as practical at a right angle to the
direction of flow with consideration for the direction of the floodflow where it is
different from that of tie low water. Every effort should be made to minimize thd
number of st ream crossings and the disturbance of stream beds.

Af .
ojit . ,. .-.

9
Problems involved with stream encroachment must be recognized in the planning
phase or costs of construction and maintenance become excessive and the stream
environment could te jeopardized.

Slides in natural landslide areas are
often triggered by highway construc-----
lion. Such features should be recog- V:l
nized in the planning phase.

4
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4.1.2 Encroachments

If a highway alignment is being studied that will encroach upon a stream,
every consideration should be given to moving the highway away from the stream
to avoid erosion and sedimentation problems. Channel changes to avoid
encroachments, or for other reasons, should be made with caution.

4.2 Public and Industrial Water Supplies and Catchment Areas

The crossing of a catchment area of a water supply should be avoided, if
possible. Such crossings could entail building costly temporary facilities for the
water supply. Problems with industrial water supplies may be as great as those with
a public water supply. Some industries require a higher quality process water than is
required for drinking water.

When the crossing of a water supply catchment area cannot be avoided, any
corrective meaisures and their cost should be de:,rmined before the choice of the
route is made.

4.3 Geology and Soils

The ground conditions encountered in the field are the direct result of
geologic processes operating on and within tile earth. A knowledge of tile geology

10 of the area allows the highway engineer to detect potential problem areas and
anticipate subsidence, landslides, and erosion problems. Such areas and problems
can sonelimes be avoided in route selection.

Terrain features are the result of past geologic and climatic processes.
Erosion and deposition by running water are major geologic processes in shaping
the terrain. A study of the terrain and the nature of natural erosion can aid in
judging the complexity of the erosion and what erosion control measures are
required.

4.3.1 Soil Classification

The classification of soils for engineering purposes is described in the
American Association of State Highway Officials publication, "Manual on
Foundation Investigations" (3). The state highway planning agencies' maps,
"Engineering Classification of Geologic Material," are valuable aids in soil
classification.

For erosion control, the U.S. Department of Agriculture's classification of
soils is helpful. The Soil ('onservation Service's soil survey maps, preparcd by the
state agriculture experiment station in cooperation with the Soil Conservation
Service, show this classification as well as the engineering classification of soils.
Research on a particular soil type can often be applied to soils of tile same type in
other locations. Some soil types are known to be more erosive than others and their
identification is a valuable aid iti route selection and erosion control. Local offices
of tie Soil Conservation Service can give much assistance in both soil identification
and erosion control measures applicable to tile local area.

5
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4.3.2 Problem Areas

Areas with unstable or troublesome soils, such as landslide areas, !oess soils,
alluvial fans and some glacial deposits, are potential problem areas, particularly if
disturbed by highway construction. Soil reports and investigations by knowledge-
able engineers should be made during the route location stage so that potentially
serious erosion and sediment problems can be identified.

A publication, "Landslide Investigation," (5) describes methods of recogniz-
ing and dealing with slide areas.

4.4 Coordinating with Other Agencies

Local offices of the Corps of Engineer, Soil Conservation Service, and
particularly natural or water resource agencies should be contacted at an early stage
in planning. Their plans or projects might affect or be affected by the location of a
proposed highway. They should also be contacted to learn of their projects for
controlling bank erosion, plan, for protective works, and particularly stream grade
control structures or channel modifications. Early recognition of potential conflicts
ini program plans and runtual cooperation can be of considerable public benefit.

5.0 Design

Many erosion problems that occur during and after construction can be
avoided by proper design and adequate specifications. Erosion control measures,
both temporary and perninent, should be specified on the plans and special
provisions, ard not left for subsequent contracts or for maintenance forces to
provide after construction has been completed. Contour grading plans, coordinating
grading and drainage should be prepared for special areas including interchanges and
rest areas.

5.1 Geometries

Geonetrics can be used to advantage in minimizing soil erosion. Independent
roadway grade lines which fit the terrain with a minimum of cuts and fills reduces
exposed areas subject to erosion. Depressed roadways and underpasses require
careful consideration to drainage design to avoid deposition of sediment and debris
on the highway and in drainage facilities.

5.1.1 Alignment and Grade

Careful selection of alignment and grade of a highway is as important to
successful erosion control as the general location. Alignment and grade, consistent
with highway safety criteria, should be blended or fitted to the natural landscape to
minimize cut and fill sections and reduce erosion and costly maintenance. These
geometric features should be selected so that both ground and surface water can

6
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Independent roadways fitted to the landscape minimize erosion and sediment
problems.

12
pass through the highway right-of-way or can be intercepted with minimum
disturbance to streams or without causing serious erosion problems.

5.1.2 Cross Section

Slope, of the roadway Cross Section should be as flat as possible and
consistent with sol stability , climatic exposure, geology, proposed landscape
treatment and maintenance procedures. The cross section should be varied, if
necessary, to minimize erosion and to facilitate safety and drainage. Generally,
good landscaping atid drainage design are compatible with both erosion control and
safety to vehicles.

Severe eiosion of earti slopes is usually caused by a concettration of storm
water flowing from the area at the top of cut or fill slopes. The concentration of
stormn water at the top of cuts should be avoided. A dike, preferably of borrow
material to avoid disturbance of the natural ground, in coPjunction with a grassed
channel or paved ditch, should be constructed at the top of the cut to prevent
water from running down m ihe slope. Water can be spread over the natural slope or
carried to lower elevations in chutes, preferably closed pipes. Outlets for such high
velocity chutes must be protected from scour. Occasionally, streams in cut sections
cannot be avoided and requiie special attention.

7
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Location, as well as cross section, should be considered for general esthetics and to
reduce maintenance costs from soil erosion.

*,* . . .7.

Iate. ceptinn at top of cut slope camres water to down drain and reduces slope
erosin.

81
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Serrated slopes aid in establishing vegetation.

In sonic parts of the country, serrated cut elopes aid in the establishment of
vegetative cover on decomposed rock or shale slopes. Serrations may be constructed
in any material that is rippable or that will hold a vertical face for a few weeks until
vegetation becomes established.

Where vegetation cannot be established or flow down the fill slope is
objectionable, provision snould be made for collecting the runoff at the shoulder
edge and directing it to an adequate inlet and chute.

14

5.2 Drainage

Facilities for handling surface water in highway construction are numerous
and vary greatly as to type and applicability. The design of such facilities is
important in that unsatisfactory operation or failure can result in serious erosion
and sedimentation problems.

The erosion potential should be estimated and measures to control or prevent
erosion selected on the basis of both the effectiveness of the control measures and
the consequences of the erosion. In most instances, the designer has a wide range of
choice in type of erosion control measures. Climatic conditions at the time of
construction, type of soil and cost must all be considered ir, the design selected.
Design for erosion control can be complex and should be done or reviewed by
trained specialists.

Channel and chute design and protective treatments are discussed in (5).
Hydraulic design of culverts is discussed in (6), and (7), drainage of highway
pavements in (8), and flow through bridges in .9).

5.2.1 Channels and Chutes

Surface channels, natural or man-made, are usually the nost economical
means of collecting and disposing of runoff in highway construction if
concentration of flows cannot be avoided.

9
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An eroded gut(er is a costly main- Well designed channels have flat side
tenance problem and a safety hazard, slopes for safety and should be installed

as soon as grading operation permits.

A well-designed channel carries storm water without erosion or hazard to
traffic, and with tile lowest overall cost, including maintenance. To minimize
erosion and avoid a safety hazard, channels should have flat side slopes and wide
rounded bottoms. Such channels can be protected from erosion by lining with
grass, rock, concrete or other material.

Chuies generally have steel) slopes and carry water at high velocities. Pipe
chutes are preferable to open chutes because the water cannot jump out of the 15
chute and erode the slope. Provision for dissipating the energy along the chute or at
the ouitlet is usually necessary. In highly erosible soil, it may be necessary to
provide water tight joints to prevent failure of the facility. Caution must be
exercised to avoid splash which causes erosion.

5.2.1.1 Alignment and Grade

Variations in channel alignment should be gradual, particularly if the channel
carries flow at high velocity. Whenever practical, changes in alignment should be
made on the flatter gradients to prevent erosion by overtopping the channel walls.
Although usually more expensive, rectangular channel sections are preferred on
curves of paved channels to give a more positive control of the flow.

5.2.1.2 Channel Linings

Channels should be lined if the bank and bed material will erode at the
prevailing velocities. Protective linings for channels and streams can be very
expensive and a considerable percentage of the highway dollar is spent on this item
of work. A special effort should be made to develop the lowest-cost erosion
protection, including maintenance, for the particular location. Channel design and
protective treatments, including filter requirements, are discussed in References 5,
10, 11, 14 and various state highway manuals. Field manuals and publications of
the Soil Conservation Service, Corps of Engineer, and Bureau of Reclamation also
contain valuable channel design information.

10
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5.2.2 Cross Drainage - Culverts and Bridges

Culverts and bridges generally constrict the floodflow and increase velocities,
giving a higher erosion potential. In many instances erosion and scour at these
locations are damaging to the highway embankment, the structure itself or the
downstream channel, if not designed and protected properly. Special care must be
exercised to avoid creating safety hazards and to prevent expensive maintenance.

The energy of' the high velocity flow at the outlet of culverts and chutes
should be dissipated where necessary or the area subject to scour should be
protected by nprp ,m1 other types of protection.

The potential of' scour at bridge piers and abutments must be recognized at
the design stage to provide adequate foundation and embankment protection, i.e.,
selling pile penetration and determining the r;eed for spur dikes and riprap.

16
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Scour at a culvert outlet can cause both culvert and embank-
ment failure. liead-cutting from downstream can cause a sim-
ilar failure.

11
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5.2.2,1 Culvert Alignment and Outlet Protection

Culverts should be located so that the least possible channel change will be
required. Consideration should be given to constructing culverts on curved
alignment to minimize channel relocation and reduce the volume of structural
excavation.

Care should be taken to protect culvert outlet channels from severe erosion.
Usually rock riprap offers sufficient protection, but in locations where rock is not
available or is inadequate, various types of energy dissipators can be constructed.

5.2.3 Underdrains

Subsurface water is a frequent cause of landslides, unstable shoulders, and
other disturbed areas that add to the erosion problem when surface water flows
over these areas. Special underdrain systems can alleviate such an unstable
condition and minimize potential erosion.

5.2.4 Detention and Sedimentation Basins

Small dams can be placed in a waterway to form reservoirs or basins for
detaining water and trapping sediment caused by erosion. Such dams can be of the

17

Impact type energy di.sipator at culvert outlet. Some kind of protection should be
provided at most culvert outlets to prevent failure.
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Saving fish and fingerlings is important. A dike separates "blue-water" river (at left)
from borrow pit during gravel removal operation. Borrow pits in a stream should be
avoided.

18

temporary or permanent type, depending on the need. A highway embankment can
serve as a dam for this purpose at some locations, but special designs are usually
necessary for a satisfactory and safe dam. The Soil Conservation Service and several
highway departments have developed special culvert designs that control degrading
of stream channels and detain sediment and flood water.

Dams for trapping sediment must be properly located and designed because
failure during a major flood could have consequences far greater than most
sediment problems created by highway construction. Health and safety hazards,
methods of disposing of the trapped sediment and the future flood potential must
also be evaluated. The Soil Conservation Service and some highway agenw.es have
prepared specifications and design data for sediment basins, (12).

5.2.5 Grade-Control Structures

Grade-control structures prevent excessive velocities in channels by reducing
the channel slope. Such structures vary in type and many are not applicable to
highway construction because they present a safety hazard to traffic. Also, some of
the most effective structures are costly; therefore, they should be recommended for
use only after it has been determined that vegetation, rock, or other types of

13
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Grade control structures are expensive and create a safety hazard if placed too close
to the travelled way. Floods larger than the design flood may damage or destroy the
structure and the channel.

treatment will not control the anticipated erosion. Where possible, large
accumulations of flowing water should be avoided by disposing of water at frequent 19
intervals onto vegetated areas, such as woods or pasture. Also a type of erosion
protection that keeps velocities to less than the erosive velocity will minimize
erosion and avoid the need for costly erosion-control structures. Where such
structures are required, designs should receive careful attention since these
structures are vulnerable to failure, particularly when flows exceed the design
discharge or when they are not designed to accommodate a range of flows.

Most highway departments have standard designs for various types of
grade-control structures. Considerable use is made of Soil Conservation Service (12)
and Bureau of Reclamation puolications containing designs for this purpose. If
unusual and expensive designs are contemplated, model testing is often desirable to
study performance. Models frequently show needed modifications or refinements in
design that improve performance and effect considerable saving in construction
costs.

5.3 Construction Practices

The plans, specifications, and special provisions of a highway contract should
be explicit in showing the location, scope, and manner of performing erosion-
control measures. Sufficient erosion-control measures should be included as a part of
the initial grading contract. Disposal areas for spoil should be considered in the
planning stage so that soil will not get into streams. Where some spill is unavoidable,
temporary dikes or othler means should be specified to avoid contaminating
streamis.

14
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Proper planning and scheduling of construction operations are major factors
in controlling erosion. The schedule should consider the probable weather
conditions and the occurrence of storms, particularly if work in or adjacent to a
stream is involved. A construction schedule that meets the highway agency's
requirements for erosion control should be made a part of the construction project
proposal or a schedule should be submitted by the contractor for approval by the
engineer at the preconstruction conference. To avoid misunderstandings, a prebid
conference might be desirable.

On subsequent paving or other contracts, the proJ.:ct engineer should not
allow construction opera tions which contribute to or initiate soil erosion. The
contractor should be made responsible for repairing damage to erosion control
measures in place.

Specifications should include adequate control for the prevention of grass and
brush fires since burned-over areas are usually highly vulnerable to erosion. In areas
where a severe fire hazard exists, fire equipment should be available for read' use.
The contract should provide for suspending fire-hazardous operations at the
discretion of the engineer or local fire control agency and compliance with local fire
regulations should be required.

5.3.1 Temporary Erosion Control Measures

Insofar as practicable, temporary erosion control measures should be stated in
the construction contract and should include bid items for the work to be done.

20
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Accelerated erosion in a new cut section can cause serious downstream sediment

deposits and extra costs to contractors.
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Downstream ponds receive sediment deposits detrimental to fish and recreation.

During tile construction ot the roadway, the oadbed should be maintained in such
condillmt t,1t it will be well drained at all tiies without serious eosion. Side
di tclhe, or gutters ciiiptying from cuts to embankments should be constructed in 21
such a Inainner that eruhankments will not be damaged by erosion. Liberal use
should he made ol tast growvng glasses to provide protection until tile pernanent
cover can he estahlshed. Mulch. matting, plastic or other temporary protection can
be used to retard erosion until permanent measures become effective. Barriers of
baled hay or straw, or bhundles of brush placed at the foot of erosible slopes will trap
silt. Terporary ,e dimenit traps or basins (Sec. 5.2.4) can be used during grading
operationts.

5.3.2 Permanent Erosion Control Measures

Permanie ni soil protection and drainage facilities should be completed as early
as practicable, particularly intercepting channels and similar controls that will divert
runoff from work areas and unprotected soil. Sections of bare earth and the time of
their expo.%ure to erosion should be controlled by proper scheduling. Work areas
should be limited in extent with consideration given to the capability of tire
contractor, clinatic conditions, and the erosion potential on the specific project
iilp%01Ved.

Permanent erosion control measures and wherever possible, temporary
measures, should be shown on tile construction or drainage plans and provision
made for direct payment for the ow-ork to be done. Such measures include preparing
soils for planting as well as structuial controls, such as channel linings.

The use of grasses or other plants for landscaping and erosion control which
are not adapted to a particular area usually results in poor erosion control and
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Filter cloth is becoming a recolinized substitute for a gravel blanket. Photo shows
filter cloth being laid under precust revetment blocks for beach protection. (See
Ref. 15)

22

increased maintenance. Every effort should be made to use hardy, indigenous types
of vegetation that will thrive in a particular area with minimum maintenance.
Proven soil conservation practices, including the use of mulches and temporary
protective measures, are all important in developing permanent vegetative covers.
Irrigation is often required to establish ground cover or maintain a satisfactory
stand in semi-arid areas. Dust palliatives may be effective in erosion control,
particularly in arid areas where wind erosion is a problem. Extremely flat slopes, on
the order of 10:1 to 20:1 , are effective in reducing wind erosion in arid and
semi-arid areas. Disc anchored mulches, rough tilled soil surfaces, and wind breaks
can also be effective in reducing wind erosion. Agronomists have a technical
knowledge of soils and plants and can be very helpful in suggesting methods and
kinds of treatments.

6.A Construction

At the preconstruction conference, the contractor should be required to
submit for acceptance his schedules for accomplishing the specified temporary and
permanent erosion control work on the project. In addition, the contractor should
submit for approval his proposed method of erosion control on haul roads and
borrow pits and his plan for disposal of waste materials.

17
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6.1 Scheduling Operations

Construction operations should be scheduled with erosion control in mind
giving consideration to tIle rainfall occurrence during tile construction period.
Construction of drainage facilities as "ell as performance of other contract work
which will contribute to the control of siltation should begin with the clearing and
grubbing and he carried oot in conjunction with earthwork operations.

6.2 Control of Work Areas

Adequate inspection during construction is essential for erosion control. The
engineer should require strict adherence to the work schedule particularly in regard
to the order in which the operations should he performed. If deficiencies in the
design or perfirmance of erosion control measures are discovered during
consIruciti li, he engineer should take immediate steps for correction, including
notitication of design engineers to avoid a recurrence of the problem. Formal field
reviews and inspections, involvin, design, construction and maintenance engineers,
are desirable to correct deficincis and improve erosion control procedures.
Measures left to the drs[Cetion of the engineer should be as few as practicable and
the method of iieCm trleillicit arid payment for such work should be stated in the
cotI arc t.

The co1trdAtOr should riot he allowed to deface, injure, or destroy vegetation
outside coiltrcti )n hlimit'.

Prior to suLpIension of cOnstruLiin operations for any appreciable length of 23
time, the cointractor should be requited to shape the top of earthwork in such a
manner as to allow runoff of rainwater without undue erosion. Earth dikes may be

~ •~ . , .
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A temporary on-grade sediment basin with collapsible outfall pipe.
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required along the top edges of embankments to intercept runoff water. Temporary
slope drains should be provided to carry runoff from cuts and from embankments
which are located in the immediate vicinity of rivers, streams and impoundments.
Should such preventive measures fail and an appreciable amount of sediment is
likely to enter a river, stream or impoundment, corrective action should he taken
immediately to bring the problem under control.

Temporary erosion Lontrol measures should be continued m til tile
permanent drainage facilities have been constructed arJ the vegetative cover on
slopes is sufficiently established to be an effective erosion 'Jeterrent.

6.2.1 Minimize the Extent of Bare Soil

('learing operations should be so scheduled and performed that grading arid
permanent erosion control measures can follow immediately thereafter, if project
conditions permit:t)[herwise,temporary erosion control should be required between
successive construction stages. The 'maximum surface area of erosible soil exposed
at any onre time should be specified. This specified surface area should be subject to
niodificatiori depending upon the contractor's capability and prog-,s and the
ersion potential of the area. Lither temporary or permanent erosiA control
measures shomld follow, as closely as practicable, operations that disturb the :soil.

6.2.2 Temporary Protection
24

Permaent soil pritectior arid draivige facilities should bc compl(ted as early
as practicable, particularly intercepting channels and similar conlrols thalt will divert
runoff fromi work areas arid unprotected soil. Temporary protecfion such ,i!; fiber
mats, plastic, chemicals, compounds, straw, dust palliatives, and last-grow, ing grasses
may be required to prevent erosion rom water or wind on exposed areas. Partially
completed drainage facilities should be inspected carefully during the construction
period to detect and correct darllage that mighlt occur.

6.2.3 Streams in the Work Area

Fording of streams with equipment should be kept to a minimum. In
location, where frequent crossings of streams are contemplated, temporary bridges,
culverts or stone fords should be constructed if the sediment created by fording is
detrimental to fish and wildlife, water supplies, and irrigation systems or the
integrity of tie streambank is jeopardized. Specifications or special provisions
should include controls for the contractor's operation in performing work in
streams, particularly requiring conformance with regulations of water resource arid
fish arid wildlife agencies. The contractur should not be permitted to disturb
strearibanks and beds or destroy vegetatio existing on them. Some types of
construction and stream conditions may necessitate the construction of diversion
dikes or other protective measures to avoid sediment problems. These dikes should
be designed and constructed in such a way that their failure would not significantly
increase the sediment problem. Embankment slopes that encroach on stream
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chano' ,, ould he adequately protected against erosion. Where practical, a
protective area of vegetative cover should be left or established between tile
highway embarknent and adjacent stream channels. At some locations, temporary
or permanent trainim, works placed in the channel cart reduce bed or bank scour.

Constluctil operations in rivers, streams and impoundments should be
restricted to dise arejas where channel changes are shown on the plans and to those
areas which must be entered for the construction of temporary or permanent
structures. Rivers, streams and impoundments should be promptly cleared of all
falsework, piling, de hi,,, or other obstru,.tions placed therein or caused by the
construction operatil1ns.

Excavation from the roadway, channel changes, cofferdams, or oth-er material
should not be deposited in or so near to rivers, streams or impoundntents where it
might be washed away by high water or runoff to the detr ient of the general
environroent.

6.2.4 Borrow Pits, Waste Areas and Haul Roads

Areas for borrow pits and waste disposal should be selected with full
consideration of ersi on and sediment control during waste or b,,, ow operations,
and tie final treatment or restoration of the area. When it becomes necessary to
locate such areas near streaims, special precautions should be tak,!n to minirize
erosion and accorripanying sediment problems. Regardless of' tire responsibility for
the selection of borroiw areas, whether it be the contractor or the contracting
agency, plans of operati ,n and of restoration, or cleanup and shaping should be 25
approved by the engineer.

a,,~
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Sedimentation basin built with cooperation of landowner to catch sediment from
highway project. Note riser type outlet pipe in pond.
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Waste material dumped over an embankment can cause serious stream pollution and
kill %egetation and frees. Spoil areas should be selected with care.

26 Before borrow or disposal operations are begun, plans for the control of
drainage Water should include measures to keep sediment from entering streams.
Diversion channels, dikes, and sediment traps may be used for this purpose. Good
topsoil from the borrow pit area should be saved for use in restoring the excavated
area, Final restoration of borrow or waste disposal areas should include grading,
establishment of vegetative cover, and other necessary treatment that will blenid the
area into tie surrounding landscape and prevent unnecessary erosion. Tle restored
area should be well drained unless approval is given to convert the pit area into
lakes for fish and wildlife, recreation, stock water, or irrigation.

Waste should be placed only in designated areas. Earth should be distributed
in a manner that can be stabilized and landscaped to blend into the surrounding
area without serious erosion scars.

Haul or construction roads should be located and constructed as shown on
the contractor's approved work plan. Special precautions should be taken in the use
of construction equipment to prevent operations which promote erosion. Wheel
tracks from heavy equipment are especially vulnerable to erosion from the
concentration of water.

6.2.5 Channel Work

Construction operations in or adjacent to a stream channel should be done
with cautin to avoid adding sediment to a stream. Operations should be done in
the dry, if possible, arid bank protection placed before water is let into the new
channel. When working in or adjacent to a stream, the work area should be diked
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Small basins or holes on project can
iretain storm water and catch consid.

_____,__ _.- erable amount of sediment. Frequent
cleaning and judicious disposal of

'" U .deposited materials are required.

off. Waste material of any nature should not be dumped into or allowed to fall into
a stream. Sediment traps or dams can be used to remove sediment from water in
work areas before releasing water into a stream.

6.3 Grading Operations

Grading operations should be conducted in such a way that the area of
unprotected soil is kept to a minimum. The work area should be kept well drained
and concentration of water avoided. Temporary chutes should be provided to
conduct any concentration of water to a lower level. Small dikes, brush, or bales of 27
hay placed at the foot of cuts or fills can be used to trap sediment as the wo'k-
progresses. When the final grading is completed during a season not favorable to I.Ie
immediate establishment of permanent vegetative cover, the area should be

Care must be taken to control erosion
and sediment during construction or
large volumes of earth will be washed
downstream.
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protected by mulch, fast growing annuals, or, in some extreme cases, sheets of
plastic. Permanent erosion control measures should be installed as rapidly as the
climate and progress of the work permits.

Cleanup and dressing should be conducted according to specifications
insuring that erosion control measures are not disturbed. Causes of any erosion or
sediment should be corrected rather than merely filling the eroded snots. Every
effort should be taken to prevent erosion ditches from developing sO,cc they are
very diflicult to correct and often reappear as a maintenance problem.

7.0 Maintenance

Preventive maintenance built into the highway in the location, design, anI
construction phases will save many dollars in maintenance costs. Experts in soil
conservation, agronomy, and drainage can be helpful in assisting on maintenance
inspections and in recommending appropriate erosion-control measures.

28 '

Masonry riprap culvert outlet channel.

- . ... 4

Z- w- N#

Same channel as above photo showing failure one year
after construction. Foundation was not stable, under-
mining riprat).
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7.1 Inspections

Inspections should be made according to recommendations in the AASHO
publication "An Informational Guide for Physical Maintenance" (13).

Periodic inspections of drainage and erosion-control measures should be made
shortly after completion of construction so that deficiencies can be located and
corrected before they develop into major problems. Deficiencies in design or in
construction procedures should be discussed with the engineering staff so that
similar deficiencies can be prevented on future projects. Coordination of
responsibilities for erosion -control measures among design, construction, and
maintenance departments needs to be emphasized.

7.2 Maintenance Records

Maintenance records should include sufficient detail to permit analysis of
maintenance problems, particularly those related to erosion control. Electronic
computers and better coding and tabulating of maintenance costs for the various
elements of the highway allows for better analysis of data for use in making
improvements in design and construction practices that will reduce erosion
problems and lower maintenance costs.

7.3 Training of Personnel
29

After road construction is completed, highway maintenance personnel must
find and correct any deficiencies in the erosion control measures as well as maintain

• , .

Nf/ -.
p . ..

In maintaining roadsides, care must be taken to avoid stripping well-established

grass and promoting ditch erosion.
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the efficiency of the measures. Periodic inspections, especially after heavy runoff,
are of prime importance in a good maintenance operation. Frequent training
schools should be conduted in maintenance techniques, including methods of
making inspeitions, care or management of vegetative plants, and in measures for
preventing and correcting erosion.

Supervisors and instructors of the training schools should attend courses given
by other agencies or highway departments in order to keep abreast of new
developments in erosion control practices.

7.4 Embankments and Cut Slopes

Embankments and cut slopes are particularly vulnerable to erosion. Operators
of maintenance equipment should be made aware that damage to ground cover at
such locations can create serious erosion problems that are difficult to correct.
Surveillance of theSe areas needs to be stressed since they are not easily seen from
the roadway.

7.5 Channels

Channels, whether active streams or open roadside drainageways, are
vulnerable to erosion, especially for a period of time after construction. It is
important, therefore, that maintenance personnel inspect these facilities periodi-

30 cally for any erosion that will lead to expensive or major remedial work. Such
inspections are particularly important after unusual storms.

A

Rigid channels are vulnerable to undermining from splash and overflow, particularly

on curves and channel confluences.
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31

Connecting culverts in median minimizes erosion and improves safety. Median
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7.5.1 Roadway, Median and Intercepting Channels

(hannels should be kept clean and free of brush, trees, tall weeds, and other
material thai would lower the capacity of the channel. When channel deterioration
reduces channel capacity. overflow may occur, often with erosion or deposition in
the area adjacent to the channel.

7.5.2 Paved Channels

IHigh velocity flow in chutes or ditches often overtops the sides and erodes
the adjacent area. ('are should he taken to inspect for holes and eroded areas under
paved channels to prevent collapse of rigid sections. Projections and joint offsets
that cause splash and potsible erosion should be removed or repaired. The channel
entrance should nol permit water to flow either along the side or underneath the
channel.

7.5.3 Channel Changes

Periodic inspection of channel changes is necessary to avoid costly repairs.
Failuies should be analyzed carefully by the design staff before performing
remedial work because changes in the original construction may be indicated. It is
of utnmost iniport ;itnce that maintenance supervisors understand the degree and kind

32 oti maintenance required on channel changes as intended by the designer.

High velocity flow at the outlet of smooth
rigid channels must be dissipated or the chan-
nel lining will fail. Progressive failure by
head cutting will occur if ditch lining is
terminated too high. Overtopping of sides
and flow through cracks in the lining cause
similar failure.
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7.6 Disposal of Waste Material

Waste material from maintenance operations often consists of soils or
sediment. Such material should not be dumped in areas where erosion will cause an
unsightly scar or sediment can reach a stream. Wherever possible waste areas should
be formed to permit revegetation and prevent unnecessary erosion.

7.7 Maintenance of Vegetation

The fertility of the soil must be maintained if vegetation is to thrive and
erosion is not to become a problem. At times, vegetation may require watering. The
need for special attention should be determined by qualified agronomists in
consultation with the maintenance staff. Grass cover should not be bladed off by
maintenance operations. ('are must be taken in selecting and dispensing pesticides
and weed killers to avoid polluting streams and reservoirs.

.; .-; 1

33

.4

During unusual floods, channel banks erode and channel
beds scour. Piling become exposed and some piers fail
because of scour and inadequate foundations.
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7.8 Repair of Storm Damage

Storm damage should be repaired as quickly as possible to prevent additional
damage. Such dantage may indicate that additional protection is needed. A
damaged area only restored to its preflood condition will usually be damaged again
when a flood of like magnitude recurs. When maintenance personnel discover
excessive scour or erosion near a bridge or other major drainage structure, the
bridge engineer or others responsible should be advised so that proper measures can
be taken to protect the structure.

7.9 Sedimentation and Detention Basins

Sedimentation and detention basins usually require cleaning from time to
time, particularly during the period when vegetation is becoming established.
Access for such operations must be planned and provision made to move equipment
to and from tie basins without damaging the vegetation or causing erosion.

7.10 Remedial Work

Maintenance personnel may find a need for additional erosion control
measures due to design omissions, changed conditions or limited design
information. Consultation should be made with the design and construction staff
for assistance in selecting the proper corrective measures and for keeping the

34 responsible administrators informed so that similar conditions can be avoided on
future projects.

8.0 Research and Development

Although State highway departments are developing economical and
practicable measures to control erosion, additional research is needed to improve
present methods and provide more economical and effective means for preventing
erosion both during and subsequent to construction.

Methods and sequence of construction require further study in many areas of
the country. Weather conditions, soil characteristics, and types of effective
erosion-control measures vary, thus requiring different approaches to the erosion
problem. Investigations are needed to develop protective covers and treatment of
soils to avoid expensive practices and reduce cost. Further development in the use
of dust palliatives could prove beneficial in areas subject to wind erosion.

Data on the amount of sediment transported to streams due to erosion during
the construction of a highway are very limited and further research is needed. The
increase of sediment and turbidity in a stream due to highway construction and its
estimated damage over that produced under natural conditions are not well defined.
Such information is necessary to evaluate the extent of controls needed for the
control of sediment during the construction of a highway.

A continuous effort in developing vegetation and in improving soil
conservation methods, should be actively promoted to provide assurance that the
best methods for preventing erosion are being used.

29
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9.0 Legal Requirements and Responsibilities

Legal requirements and governmental responsibilities in matters related to
water vary throughout the States. The responsibility for damage to upstream and
downstream property must he considered in highway design, particularly with
respect to flooding, erosion, and sediment. Statutes in some States establish rigid
controls in matters related to fish and wildlife, pollution of streams and water
supplies, irrigation, and diversions of natural stream courses.
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HIGHWAY DRAINAGE AND
EROSION CONTROL

PURPOSE AND IMPORTANCE
Excess water is I Highway Etnemy No. 1. Uncontrolled water is

the primary cause of hroken or soft siurfaces, mudholes, rutting,
washed out shoulders, and even loss of complete sections of road-
way or structures. P'revention of such failures makes roads safer
for motorists and pedestrians, reduces maintenance costs, and adds
immneasuahl v to ie. pleasure and .satisfaction in u.,e of the roads
for husilless ain( recreatifi i.

I'le Cost of controlling water is a significant part of total high-
WaV e'.,tl-t , Mhich ihtlicat., the irjortance2 of the subject to
higlhwav lwr il,'l. .\pproxitatlv a quarter ol' the cost of new
constructrit i , for dr-tiagl e or rosion control. 'Ilit proportiot of
laita vtelan ct, ct ,liticctlv relAted to control of "aje';i'r Is prohbably
ultuch greater. l'ru,,ion i- a liarriclarlY rXl rt'siv, I actor Ibecause

it coit, rrlfitt'V in two wavs---- 1ii)l h,t must )w relIlac(,I and soil
drepolitl in dlall;wt structures. 11tust J. civalet d ,tt It is ir )lirtant,
thierefti ., to, IlalL anl devvlop, carefully, ade luiate facilili, fi' 39
drairm.g, aid neaurc, for omtrolling erosion.

Control (if rtetrlv 8i ii.r cent of the road mileage ill Indiana is
ill the hard- (of local hihglw.v persomucl Th C'xttent to which they
ap plv sotmil ,rincille of highway drainage and erosion control
determines in part the cnidition and cost of Indiana roads. 'What
are ther"v lrrhtil .-

ca Iilitl ruh wm Id he t(i interfere with nature's drainage
as little as possible. Idallv, thi, mnight be done hy putting all
roads along ridges or drainage divides. For most roads, however.
locatiir i, alreadh ie'termiri and rrtinirttmtn interference with
nature %ill ir t ,,an III talilli:e varth lttrfaces with some' kind of cover,
to provide a placc for water to run freely* over the surface iml
ditchesc, or undlergrotnd itt culverts and strliilrairrs, to conduct tile
collected water safelY ti a rtatural watercourse, arrl to encoulrag(
landowners to ttsr the sil ir accidarrce with good agricultural and
conservation IPractice

This mianiual is art attempt to descrihe the inportant prrinciples
invo!ved irt til(e mnieasrres, and to descrihe some specific applications
of tlirise irinciiles.
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SLOPE PROTECTION
Sound slopel protection is blased on six fundamental lrinciples:

1. Keep slopes flat and edges well rounded to reduce erosion
potential to a minimum.

2. Establish a healthy, continuous vegetal cover as quickly
as possible.

3. Intercept water from higher ground before it reaches
slopes susceptible to erosion.

4. Provide safe outlets for water collected in intercepting
ditches and gutters.

5. Protect slopes from freely flowing underground water.
6. Take special precautions around structures which protrude

above slope surfaces.

Steepness of Slope

Ilighway slopes should b~e stable so as to remain uniform with a
milliuni of uiaintcmnacc. The first stcj) ill accoliplishing this is
to construct cuts anld fills as flat as is ecoon(,licallh feasible. In flat
or gently rolling country imany sllw s can I1e 3:1 or 4 :1. (A slope of
3:1 nwa's 3 ft of horizontal distiluce per foot of vertical dis-

40 tance.) In hilly countrv and around structures, high costs and

Fig. I A ftl.ter cut dope %yul, imprmvc sight distance and estahlishtfint
of vegetal o'wt-r.

2
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liniitcd ,iglI-o i-\way will rutirt l, slot.s as stccp as 2.:1. Though
Illot soil" will stald at >Ilc (i f :1, slich steep slopcs., arc difficult
to nitintail :,iu :t. ' 1n 'r!illy utll 'c.iraldc for tartlh cuts anl fills.
J'Wcl, cuut ,,u oInm 'a ";lih niluc stvct~-tj Ito /'-:I or IA ini

F' l a t l~ lp '- h ; 1 \ , : ' \ ; l tl .~ ( ; I , ( . W l" c ot ru l c t i o nl a n d~ s e e d i n g ,

fewvcr \\I.IhltIt ultint carlh >stagtt, " Cr growth ftl and ;trllittiltg

ts(, oi Ittilliinrvf Il nt tiirtteiwo.. l'r;t, r operated equilpmlet
t l ,l , t o d i g II ,  t ilr f a t ol l q , , .t, l, .r t h a t i 3 :1 a n d g c n'l r a lly

canttit hci oiir;it' at ;IlI on j ,, st tler thanI 2:1. \\atti tflows
gt'ttly, ini .. t, ,\r Iltt 4 )pc> , tllt rapilv, ill cro-iv str t.;mls, otl
,tejli '. fpc,. ll<, ".\tr 'i; ,, i, f it 'lativ(<ly lat .lo p rc -

."tilt litth' it I (l ll i hn r i th\li 'rd. rtunlcc, > iiw drifting
aul lld ie tiCIIm . Ilc tji& ;ictlin if tinc \61id un tOw riailwa v,
helpitig to kr.ji citN of snowl . renmoval iow ,. ]it aldition, flat

41

Fog 2. :\ ,,rmi. t t r i istl diI I siahliz, c this Slopc. Stopping
cr, n i it, it Iit,,,c (rI .i agtc ;tit I ti im Iu tc t Iic c I I I i ( ,i It.1 .

slopes; (4 :1 or l c, ) arc sat .r i lt 'evclthich n (-;ti love onto
file,,(. sliijiis Ill alit CulIrgc1Ik.Y 5 itll little iligii (if 'iolts accidlent.

at cut slope, ,ii curv ., ;al,, Ir,'it. gr'atetr ig ht d ilt 'V.,

F-cii thigh flat .lii,'. teilreir largir soiulnii of cut :nud till
than Mtc I,  s,]opc,. ticir Ibcncht ill im-rc'al.cd ,,afct • v ,and rcticeol

tainteliu li i ti just lfy tliir I.., F,,r tht'se rt'li( N ,lls cut aud fill slopes

3
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of 4:1 or flatter are preferred whenever practical. In rugged, hilly
country, as is tvpical ini the southern counties of Indiana, slopes as

steep as 3:1, and 2:1, will he necessary in most cases. Even in

relatively flat areas, when fills higher than 5 to 10 ft are necessary,

right-of-way limitations will require the steeper slopes. In any case,

2:1 should be considered a maximum acceptable slope except in

extremelY difficult conditions of steel) land and insufficient right-

of-way.

CUT SECTION FILL SECTION

""",.. "-EDGES WELL ROUNDiED

" 1 4,1 SLOPE FOR

TRAPErZOIDAL DITCH---'-' " LOW FILLS

2A SLOPE FOR RICINAL
HIGH FILLS

42 Firg. 3. Cro.ss section lrotcrtit khich aru c.pccially important in ma'intaining
stable roa %alays include Ilat slre," % ith well riunled edges and adequate ditches.

Slopes preferaMly sh,,uhl bte -:1 cr flatter. Vegetal protection is essential.

Edge - (i f lc- where cut or fill surfaces meet the natural

grountId >ur face shc(uld be well rounded. Sharp edges encourage

water and winil trn im, ml are difficuit places to get vegetation

started. \t sh;c lr intt c cti o n of mirfaces water forms gullies which

get progrc.>ively w(lr-.. Al.o, wind eddies are created at sharp edges,

ipicking til swil anl b~lcving it away. This is greatly reduced by

blending surfaces in freelY rounded intersections.

For .Iiivinimit . and,!u' mu! .Sal'f'ly Strive for Slopes of .4:1 or

:latter anl Round th,' Int,'r,.',tios o1 S'lopes uith Natural Ground.

Vegetal Cover

Flat slopes are desirable for stability, but no exposed slope will

remain uniform unless lrotected from rain and wind by a healthy

stand of some vegetation, usually grass, legumes, or shrubs.

4
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Choice of Species

I f Y,11ti anditcc allii n iii i ion ai ~ rc iiialc ri :I. , iicg u al * vi

tt'it1uulci taiilii Vi a cmt t -t~urf i iIX li uc Iiuait :1 -11lv1ii.x il-C o

tallfetlw Cciiitiicii~i;cr Thit..IfccIct Afcc ir .K ;-i~i i c 31 )ov

is Ii , ; uu l lill 1 "1i 111 \I ll c i. )% ldc ctri i ili' cci i -iui 1uu i - rLX , frc ill,

tciat (cc will ath wl c~cc a>rcu. iac ctu. 'lc \ti

ti low tiid XIiljI dr tniitt - lt icic~ licit ahic Ic, pa ilci ic fc cte
:iiilili,~ ~ t i a in ~iIvpcitnl anw Peltittag

tltccijiilc"Ia i ti to "Ii cri trihat ar XciX l tti . T he~itc advta gei it

itig ill- ttiti I. ic X I\ttci i h ;itti1c1ti~- ;c i tcliaiiiI lcit tin-d

reli t o a Ici i ii 11 u anittij.Il % td niiiici., :l]f1; C S

1 ig 4. 1-1 11., 11 1 tc ( I dwcii t i l \i (I .\ 1ti t 1cii \t ' lwd a; i tcice t) cc

1ti i I- sI -t coiitc cticci torc i ( ciii \\. ii I i fcprotect-

-MC
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\\' 'i ihe l ad I 111w. thi'oll.hIl w(Ji(lC arcas xt, llS'v e slopes of
II11cdt( glal.' Illat\ hpiid, lintl lif lacet.. Ill sucth casesl ai baic~t gral.,.
111ixtut' Illal\ bct foII il.r quItl ilT(it'1(-ti*Wl tl" ;1:1 c'xpo( cdt'€] Ilyit ,  biut

IIatu"ral gr(J\vtll ciiciir I; 'l t(1 t;ilu c . ( )lce tht g'rass i, there
t hold ol ill ia 1t o, \1 that arca ni ce'.,ar 'rv for sight d itauclc and
for ' .lr, Ill (itlclit 1 I l lim, c(,. iii ill retm inder of the "hipes
IatuIrL1 \1IJll\ \rui.vtli 11\ it Iv IVtwc4l Ill (pilule ill too provile a
gl.r-INnll ()v0'.r which 1lt' lilto th' MIlrrullldilgs lelt" ulitly and
at thw sal ir tlm.h cilhlmui'c a great deal of nowing and fertilizing.

44

I ig. 5. A \%ll pi,.ctlc hlpv hirrc natiku wody growuth has wecn alltwed
lit , takc r,

.\lillhclr its(, for \w\d . ];tui it lip keep costs down in an area
\vhlr .iirlie ;llt rtiihilv tshrill) art I(ll ( 1 . Such ground
huligging .l ailltiis a> j mil,.r, lc , l ii.li huh.lierr\ aid sweet fcri will
serve very .sti>facti,rilv w\hle't. (r(ei\, ciitioilm> are wot too severe,
and if tli '\ r (;ill ht acjmrl free' aijactnt to the work they
nmay plro\el ;itl t( tmoi ;il sf iti ii lip th, irohilein of stahilizinmg a
shiqw face.

Soil Preparation

Iroplr soil preparatiti, is essential to) iils'ire rapid estaliishment
o)f cover. Th1e soil surface should be le (;svicd 1)' vhenari fYing, liar-
riwing, ir raking, I lowm- iuch fertilizer and lieli should he ticl

6
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(Ole hllhtdi l i,,luI. ,trtIT ('thll f lilritI'gil. 1tslihortts, mLltl
pota.'-ittlll i .a giiiil .-taIl~ivil lilicationt for Se(dhbeds. lhis can
ie providl hv 20 1h per lix))) s"ij ft (,r 87)0 1) per ac,t of 12-12-12
or ejiial. It i- ,till letter ti gt a uiil t. t aiid follow the recom-
in tldliti mt ,i, the. tt.tillg a-tl(,.\ A ,Jil test shouu l always lbe

OIttJlitL-l l .f,,irlC ;i l) i- lion tc , t l ill(- e,t 'ul -d , ;1,, V lit liana soils
w ill l1t 't- lt't .HI. a lil.t%1 (. \\iIi i s, t1r1t1 11 n1ll ,t Inliana soils
will ,tlltt a satie-fatirv turf. It cai> (,f c.xc<l-ptiinall\" clean and
wc' lt ,dt-aitllu . ;i r~ \(.I. 'I i. It.+: llc t,) .,lr'ca, 3 to -1 ill. 1)f top,.soil ais at

et (llicl. For h,t -ct:h, felrtiliz/er. ;nuil 1 i clt nh eeedlcd, should be
well nixed int the si ii hetfor. sc.liig.

Seeding and Planting

Smtiall arca, airt tt,.;,l Iu c c 1h:,i1 .\1ftcr the soil i, loosented
atnl ftrtilizl.-, st.d i.. ,pri-ad'l eith.r v l Iri;thcatiig handfuls in a
broad. S,.i' cl ttiiit or \\itll]t H t~ll it'(cchatitcal spreadhr of the
lawn .t-rlitg ,aiilt .\ tawtolrdi tui.ture if 8) l.r cent f(-;clhe
andti 2() ipr " cent a it:i- ,i W Ht tli rate if I) to SO I11 per acre
or I to 2 ill i.r I) ,l (I it i gvni;ll\ . t;l ti t v. I:,,r (row nt
V etcth, 5 t,) ill I1, I- a r.. w, !.' Ill ,er IXX) X (I ft i rtccitltilti lh((l.

A htire >;itil- t'ti\ IittlilI Iif .t:t ing (triwh. \etch is to plant
crowl, i alioit .;-ft iottri\, iM t ig.i+,rl ri- alott 3 ft apart
hcgilui iitng  :it th. tll) if th. 4l,,,. 'lii, i< mor, t.xl.it-,ive- than
stced+ill" bi t it w ilt l\i lw t e \ t't1ch ;i l11tt.'h c.:rlitcr fo',tho ld (II the >~~,

\W htll Ahrulh. , l - ., l ( 'v +lJ,,tihl Ii,. dhlivit-red itl such at ma rit"

a:, ti) a il l;; , l, o.6ig it. If plaitllt, llut li I v l' more
thall. a fi.%\v hur- fri. lllituiiig the.y '1t t mil lii plaicil ill a shady
are':, tlin riit wi th .lurth if wit ,illil ld hitirlalled, atnd
k-epit lvht.t. ,l I lI - ]1(-, tll 1, Mii tu twice as large : ;i tht traits-
p~lm ovt',I 1,,;,l -\'-t<'tll :tnd+ fll(- r spt. >-lrctd, m it :laturll. 1 , w ith not)

lithitig ,I- tiiw.iling Fill i< lltcel carfitillv tii ;ivid liriilitig roots
w ltcil it i-, fliul ill Ii i'Lacc. ('are Iittll lieh ttklti tl avoid iplacing
fe tilizer liret-t Il it i l , t"uiidr laiitt-.. It is lie( t t(i m ix fertilizer

with the l ; icktli Ii.fi, i l:,iiig. (t t- , llI\ it tii thn surface, with
nittlch, alfti.r Ililtiuig.

Protection During Establishment

Seedinlg atl 'o)r I- plitig Shioulil be followed imliteldiately by a
ftolu h whiCh S(TVi' tO 1pt'Iit(''t I11 Slop. until seellings are estah-
lished atld Iell,, to iriivie cotlitiisl'! of te .iperattir,, and moisture
favotralie to germittati, i. The ustul nittlch is ,traw or haY spread

7
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evelV ly hand, or blomn over tile surfma.c with I mtechanical
spreader. ..\l,,lt 1 tons per acre or 70 Ili per 10) .sq ft, giving
1 to 2 in. of cover over the soil. i. nio(,t efftctiVC.

Oi)n very steep) slopes -orwiii h expisure, the ntnlch needs to
be tied dwn. This may be acColmlished with binder twine criss-
crossed and lieggA, hb" running o(ier the surface with I a disc harrow
set straight, hy placing soil or ;iphalt strips over the nunich, or
by spraying with "jtmid-shtrry".or a light asphalt spray.

- l~o,' ... -, . '

46

F ig. ). Mutlcht is being aipptied tno thils stope immretiatety after seeding to give
tumpnorair trotcct.11 11116l (over i, c'~uihtistni aund ti) assist in estabtishiment of

ga .IfIi: 1pc %%etc tttr, Mluuitig somhld bc ca~icr aunt clicapr.

Other materials that have bneen ti~el for intnlching are sawdust.
coninierciallY jirnicuedi wo d Wiire, a'iphalt enmulsions, chemical
sprays, and paper or Juile etting. Tli particular advantage of the
coninercia l produced uldc (wood fibre. ;tpllt , anud chemicals)
lies in their ,,.. .,ith lu\lraunlic seedinig lwill...

Hy draulhic N.cdiiig Is an alternate inctliou oif seeding roadlsides
liclu is, especial!Y il for large aneas. In this process, fertilizer

anhi seed are- Mixed togthei(r in a water slnirrY anal s prayed over
the purepiared soil suiface in a single operationi. S4onwn of tine coin1-
nircialv pducl ed nise ice can be added to the fertilizer and seed
t'lnrr:, ano tt'tis intilcl'ng IN accom lished ini the saine operation.
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.. _ ,"

Fig. T A.. l atom oi th ii principles of .llw pr-tcction is well illustrated on
thli. o,,un v i,.a, Notc I lat 4qc, with N ell romndtud

tdg -. o, O I f It t , r , scr tht cmjtire dIupe.

The e uitilt, l r 'u ictu I rtelativc~v l, l eXJ iV(, .o this> lethod is4

usually enylvii .l .v whli large alnintit of se(ding are to ie

cOle, or for !itall ;l'tt>., M IH (lo11' OH a Con1tract ;ha iS.

\liatevcr the >l,'civ'> or m+eth,,i, the ihportant pritci.le is-
J:rtii.:,' an td ' f/" a 7"W rf (*o7T) In, I,,i'ditI,'lY .4./1r (;radiny,
(111 .1101/1 to ]Provi I, Pmc i+c rotectiont.

Intercepting Ditches and Gutters

Cut faces are frequently subjec" to large amounts of water
running doIwn from higher ground. To prevent this water doing
serious laniage it should be collected in an intercepting ditch in

the form of a small berti or trench a few feet above the slope.
face, A lber may lie iormed by placing a ridge of eatti about
6 to 12 in. high and I ti, 2 ft wi(le along the.O rface and then seeding
for vegetal cover just as in the slope fact. If possiluv the berm
should lie pla .,l dher. the up-Slope side of the ditch will lie (jlUit

flat and where there i> establilshed natural vegetation to slow the
water as it enters the ditch section.

9
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S INTERCEPTING 
DITCHH 

.

- -ORIGINAL GROUND
RO' DSIOE

O,.,.. CUT SLOPE

Fig. 8. Cut Il sj il:l te pr,tvctd frill surface water from above by
ct',nructting inte'rceplting ditcs a', shown, 'l here. The ditch most

runl full tcllgth If tht' slopte and have a cafe ontlet.

)n a lomg gradel tile roadwaY itself iliay collect (rOsiv'e qualtities

of water. "lhis (all lbe collected iii ; glitter fie lrnti ir aspihalt
dy ke -1 t ,, 8 ill. IlfIgl. aw l r tc ;t <.d at Intervals+ Into p replared( w aterw a y s.

48 lit this situation It is dlhiralle tO have t ill glitter its far away frolli
traffic as p,,I.iI, tl nillillilli dt . itllh l ie j i probl eml s ill the r hadw ay

anld to (etimlrlta, traffic to ilst the full width (f tile rolad. This nllay

be dIo llC Il\' srfac" trtatitlg till(- houlcr and forming the glitter

at tht outler el ge If the sJulier.

Water colilectel ill glitters allI iltert.ltiig ditct.is sIldt~Il Ie re-

l ,I cls IIIIW\, s<IIWIJ ;it CoItolil l l(tiets---th end1 (If cut slo .es

anl l tl lI(w lillt (If tile rI I\\a';t iprlh , aid at iiterimiediate lpoints
i f t h e d itc h o r g tu t tc r is x Ov l >lg . l h + , Is a ll e ..: t wl ic l II r t n tt
c n s id e ra tio n ill tt i g ilitc rt't' tin g ,itc hlc, ]b 'c 'ttu s t m lu s s p ro lp e r l\

outlctted, conlceltrated flow ini stth ditc'lt- can dl illre (alage

tlha i the .at]( w attr fl,)wilng Iv(r till(' slI ,c i'lc .

(hit i iiy niles (If tinipa ld c tilt v r Iloals a l)1.r1 has eell iitad-

vertentiy formed aloing the edge If titt traveleld surface bhy contiiltial

gradinlg andtt scrapinig (If tile road and ilieg eCt of the shtoulders. iII

.,,ome places these betms iiiav be' liseftll ill servilg as a glitter. I low-

ever, water cIlel:tileee. h th1 '1 rils a"vli j il I at lw ploiits ill

the road are a traffic hazarl, and tenld tiiI saturate the IresC (If the

road, lealinig to sril~ls rtuttinig. \Vhtere these bermiI do not serve
ailetessatrv irttcti (iI for shtldehrs ir fill Slpes, tley should be

remoilvel tol iiilit water tol driiii drttI to the side ditches. \Vhei

10
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Down Drains

( i t h t , f r , ,I l h t ' c '~ t l d t h . : i~ l -m t1 'r , 1 1 1: v Ib e l i l h w ,

deprv.,ted secti, it tl 'i.I,, ' f; i-t j; . I v I troughs o '

pip~e sectiol'. "lc lim; (hldtictfl with th(Is' chia t.l. is etthl
Prlotec tition c.~,t li-hI,Il bc;m -, ti, ll- i t ;itctd wv;itr III each rain-

loVe,.r c~ ill), pllrillI,' . .\ d,'l , , ll I,, I i .',armic, Ill Illc s.hlp a ld
tlh,. =,oil a,,- I= , mld oil, 'l . ': 1 -til ", arc' Ilh 'l Ill;acc., '-,Il *v

ill the Irro( lld ;~ , lh' l r t;i lll,,1. "Ilh . 'od .-,Il ld Ill- %vatcrc'

fre(It ,c i!? ,- wca. lit d r m I ;m , duin Ii I, -l , t fc.v. \vc, '... after

of tll( Sod.
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J:ig. 10. ills curb c mtains %atcr frorn the long grade, so it will not destroy

thc sidc shlw. )ut (,s hth at th- eInd ofI( the curb and nidway up

the hill carry water safeil to the foot of the slope.

50 .\nother approach which has pr .cud mccessful is to seed the

chan tel depression a, usual thcn cover it with an open mesh hturlap,
or jute matting. Tl'i,, i.t, with oentings ahout I in. square, whetn
tied (hwn with wire stah., .,4 to 12 itt. long at about 6-ft intervals,
will hold the soil and setl il place until the turf is established.
The that tteed ilot be Tetillovd since it ultimately rots away and
serves astiit~

Where water itt Ihc carrid,1 down steel slopes, or quantities

are especial!y large, turf linitngs. vei ] if they canl le established,
may nit give adequate protection agaitlst severe sco 1,r. In this situ-
ation it is nec'srarv to prot-ci the sluice with :, paved lining or a

half section of ihl.

The turf oit the adjacenit slop shAdol he \v 11 ctalilishcd right
tip to the edges if whte'er lioting is lise.. If necevssary, sod strips
nla.. li placel al(hg the (Age of the liutitu

Wlhatever kinid of chtanmil i, formtiedl, it is essential to flare the
ends to avoid scour at entrLnuc andi exit. The water should enter
in a broad sheet from the ditch or gutter and converge in the sluice.
At the bottom the chauiuo' should level out and wihdelt again, to

spread the \vatcr oilt ntoi a relatively slo+\w. moving sheet at the bottom

12
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If the slIpv. hI'e(- arv'a at the botlom of a sluice niav be protected
by a layer tf c ctr, gravel or crushed stone, or may even be paved
if the di-chargv tvtil. to unde'cut. tile cut slope or erode the road-
way f11.

I'roZmdc .Sa, ()ic ts tor lIN Water C olhcled in C'hannels.

Subdrains

\eill, ('f frcC ruilg water ivtr.vctinvg a cut fact will wash
away the slope rega rdless of .,1lrfacc treatment. This tvype of erosion
call e pretv.nte, I) 'v ilterc'lititvg the water before it reaches the
surface. .\ sAl,,rain itlm t l in a trench lack of the shipe will serv,.
thil fu il ! ;, %%ill it e rr;tel Jil'iriv (n o drilled horizontallv
inlto the ctut face'. Tie trc h i io, t,) a dplth 3 t, 6 in. below the
water b':ritig t:atti;tl, and drain till placcd in the lrottom. IBackt'il;

Itttst in a 'rvlr. mteriatl tatnpr, flrittlY itt place. 'h' top foot of
till sh,,Ill, Irc a relativelY itor *ervi,,u- >ilt (,t' lave material to
ieep t it face \,,ater ,1u1t , tih" 'r;till. 'I hi uilraiil n1utt be Cx-
tended tih full width of the cut and outletted safeuly, as ditch 5c and

El

Fi .I I N,. m w r i 4 ipia- %%ill ti,,l thi, ',1I' vhich i. .,ftvi.l hy sutsirface

% ,,i 
i  Suhtr limii. nmiit ltr, ept 'h a ii r ii bta-l ( f

thn 4 ,1r i,, ki'.l thtn i,,il try.

1, 3
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gutters are, (ither to the roadside ditch or to natural drainage. In
ca , s wlic rt the pervious material is very del), it mav he more
econotical to drive or drill a pipe horizotdl v trom the slolpe face
into the pervious laye r, or to place, riprap I\'tr the l,, pet iacc
to tle height of the "veliage layer.

torntiftt Wirzilld'rjrttttd I',zhr lep,'mts of lntcrccptill!
ahcd I)j'b rl/lft ! . I'A,. ct , .Stri'atg or o'fo7'itt; t .S0ff O)uth't (i t
the .Slope lace.

52

Fig 12. uhdrain in Ow -lI~c n th," right k(-('p thf "61i dryv and stablv,.
N' ticc the ial.r ini tin il t h fit ta tltw ,.uiraiz i t ttduring dry %cather.

Special Problems

Slecial atttltiti i-,h'n. ,tIa ,., v river ,iirfacc %;tter tend.-, to
collect and run al,,'' : str, "t:t- .VA it co l'ct. ih' I - a: ttitv (f
water is built ii l ,l -ai , 't! 't,'rt.-e . ,(Cet'tu' the croiv e pOWetr
of wat..r is printril) '1:1i1 i If dclth atid velocity of flow, the
c(tditiomt, at iuh 1: it- 01 . - lratinm :i:. c','ciatlly critical.

Ii

To aw wi thi. l ,~, -w: .,, al dll ! d, i - t o the
d i t c h , , r w t ' ; 1 -! I r , ' 1 ,, I " , , i t i c'; w w ll h i~ l , o rl t l .~ : ( -f]-l
ve.rt hca'; l :~l Vi atit' ,, !,. i, ,,I ;t tiiwttr,- -hwddl~ Iw. (Irol,po.d
through SOIII -III:-' O (, W c,, I fig"~ I v tc:rh) w, Kit f-h' ction" util it
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...

Fig 13. \ater h wzslcd mit oth thc original hradwall here and the timber
Iepl;c nil('t+ I li o t rructili (i til prlhhAcm ki diverting thl %kater

I thc "it,1 h,.',,ic It r.a h., the structure.

can Ibe rclrd w.11 ;twtv frmti critical Jumilts artitfttt( tlw structure.

Somte v,'watcr, h,,ve ', i, lttl to reach rotruditng o)bjects. When
.ros nt startk,, si t ,hohl lie >, hl.c, or" st(lt ;nI pritected
with jte n.,ttitig, toJ ilnstrc+ rapfid c++tallishhclit of a +'sttrolif. turf.

Di'ert .Y fc" ' te ua'r ]'a'for it Iia'(h,'s 'rotruding .Strzialitres.

-4. . - . , 4

Vig. 14. Asphalt curbs cmtain water in this ruadway, c:arrying it zway front

tlht- strututre and steel) ) lws.
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Maintenance
.Maintenance of slopes is primarily good management, just as it

is for ally cultivated area. It is importat, however, that where
drainage or erosion problems occur a mininium of work be done
oil the symptoms and the major efforts be directed at eliminating
the call.es o f tile difficulty.

Grasses must be niowed regularly and fertilized occasionally
if they are to remain healthy aird continue to protect the slopes.
Every 'grassed area should be niowed at least once a year and pref-
erabl!' three to four tiies. L..2.iilinent should not be operated on
turfed areas when the groumd is very wet, however. Nitrogen fertili-
zatioti is most important for grasses because this elemetlt is readilyv
leached awaY and is nio ist depleted 1) y plant usage. Therefore, main-
tenance fertilizer sh lll he high iii nitrogei, such as 18-6-6. An
established (ellse .over may not need annual fertilization. Ilowever,
it is desirabhi to provide for grassed slopes to be fertilized on a
rotational basi-. ,, that some areas are covered each year-at least
those area., where cover i,, thin. An aniotnt of fertilizer providing
40 I1 of nitr ge ptr acre, or 1 11) per 1(XK) s(q ft, is satisfactory for
nMe apldicatim. [or ,et results fertilizer should be spread in tile
spring and ill tlh fall. Folr sl e s with 'rovwn Vetch or other

54 legulli., nitrg,1en .uld lot he included as these plants contribute
iable nitrgei to the. sil. If co\er i, thin, an application of 50to 100
1i each of lhospllo hl, and potassium per acre, or I to 2 lh each per
IWO soq ft will hal.tell growth,. lut this need not le a regular practice.
This coverage wmld be provided lv 2(g) to 4(X) lh per acre of 0-25-25,
oi- eq'livale.

WIcrc shruhs or natural woiodv growth is used, occasional
thinning will hell, to keel the cover vigorous. A i adequate herbicide
program to, keej ,ioxiou, weeds and rank growth from taking over
the lot., ioe i, rt of good maintenance. Stands of Crown Vetch

ishould- not le sprayed, howVever, since this plat is susceptible to
weed killing sprays. Weeds and( brush will uot be a problem becau se
the ('row it Vetch choles out all other growth.

V'la; rilver dam/tgi. t turf occurs it shoulh be repaired promptly
because any bteak in thIe vegetal cover is a point where erosion will

proceed ral,ily. It is far less exlensive maintenance to repair
damagedl spots at once tha it is to repair extensive scarred slopes
and cl: mit ditches arid culverts where the eroded material was
delpoited .

Excej.pt whir, eitire slopes are being reworked it is best riot to
ise roald gr;i.l hi otlier heavy equipmenit oi laintenailce opera-

10
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tion lecause they tend to tear up esta.l)ished vegetation, creating
new points for erosiot to occur.
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ROADSIDE DITCHES
s".,tallil.,hlig comter on tartl slcpc. tt.,t le accintipatned I pro-

%'iding stalile wate. aV for the ciollectin of -urface water if erosiolt
control is to le aI,(t- ;Ith. "]w water c tcetttrated 1)y roadway sur-
faces and cut slio,., call ,itlic reach ero.ive jlaittities and eloci-
ties. and unless the rii,,lileh i I~io,,ctted from ti, iiw serious
datitage to sloli, a, l ia\\ ,,ill okct. A secotlnar' ftllctioIl
oif rad, he ditcht, i.. ti, 41a1 n ti l(. iii lh radwv.', to ,irevent
.sattlratiti~ anill 1ii,., o +, t .ql,,,crt tic! ltra 'fic.

In order to cry,. tlic>i Jitttli..e. r,,al.idh ditches shilid he
built l ttn tttaitntaineil in acsor,!;iac' with ti'-,v jirinleiIc :

1. Provide enough area to accommodate storm flow and depth
enough to drain the base course.

2. Protect the surface of ditches from erosion with turf cover
or other suitable lining.

3. Keep velocities low enough to prevent erosion but great
enough to prevent deposition or silting.

4. Maintain a continuous and unobstructed waterway.
S. Provide stable outlets to natural channels or drainige

ditches.
56

Cross Section

Roadside ditchcs atr cinitructc, witi p,;;alilic, trapezoidal and
triangtlar, or -V" .lalw.d, crc,, .ctin. Ill iarabolic section is
hydrauliiallY the ],c-.t and the it iiit 'ro,-ion ritintatt. hlc trapezoidal
sectito in s (aivr to ' -Itt ,Ctl~lt !ll;,]i.h alt 1(uh'i1, ts. atil, 'ta le ditch
for tuo t l,,catiin., It i" ilecl fai" il,,rv to iivtrtiI ll tlii ti ' liarabolic
sectiot. The "V. ditch i i'l-l1 ichi.I with 'lliri. ;wl is highly
sI.'(c ItiIli tii ,.rc.ni, . ;iu ], tio,.rt C, in g cli ly i ,,t re iti iitti dc, i.

IDitch siii. slilps, as cartti slol)ce gi .... , im s ,u il iev flIt--4 A
to 2:1- atnll their ittersetin, frc.ls titiiihd. 'I'he liberal roiunding
of c'orlicr, .'+> " 1 , 11 i ).,rtI lf Iw l,c U.( it i ;l:.- ,hnta )cli+J t of

grass ea+;sier aiid itiinr gr!a- it i'tltl l.io tilturf.

'Ih' hctittoil (if th, iliteli maY I, 1 1,) -1 ft wdep, il.edig oil tihe
(iuantity of water, ti lenigth oif the ,hitch ;iil the grale. Geterally
the grade is iarallcl to tin. railwy grailc, lut in flat land the
ditch Ittay Ice stllcr that tw al dniil itt uggcl cotuntry the ditch
grade ay Itv tIe l ;e "latter tlianh tit(- nid graili.

The secondar% fitncti,n of tlh( ditch (ilriitiing tIhe Iase course)
is accotmllisild iv ttiig ilth ilitcit 1ottomtt ti a mleith I to 2 ft below

18
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a. r lit, h i. 01, 1 ,.-t ClrI It'ltl! litt'h ' Ri, : OL :lt l l:lst suhj t

57

Ich li',l,[ %,\ ! 111 - , il . '.11 s,,iaHt c ,. c'r isi,1

i -I' ct , I. It I" - , 1 I, ! -. 11rf l,,l 11;l .014 thn iall ' , la' r d itl ic",,

c" 'I he' In'lo ular" ditIt , li,,ni. ilhi~tratcd, IIVICt, i ' t ditc'h ti c )llstrutlt.

I w c , i 'I1, I . l'i> l. i l( Il l h l'rt. ; cI .1
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tilt- .louhl'r. aIt lca't -o that norial water Ivel k5 helw the p)ervious
I Qk-C if mittm.ril. l 'I ,\ I II Ic Il I ) ~ l t cI '. Iv r ;I( I %wIv Idr v a nd st af Ae

enoulgl to >,,pp rt tr;ifilc \\ itll IIt ruIlIg. It I, best to extend the
base course thr, I:h th. , )ull .r ,o it caul (IralI freel\ into the ditch.
HIowever, enVI \\ vUrc c i, t irecliudo', tlil. cimi ,trutiol, the free
water lcel Sh ld l I k;it lil ,w tilt- hwtoll of tie hase,.

As a! ru1t. Iitclic-, saui-f.lig tilt-,(' criteria will have adequate
caliacit:.. It slduihI 1. lbe l itu, however, that further judgment of
Capa)icitv Cltn he lad, withlot extei\lv. hydrologic and hydraulic
.s:tudle,', .',h l.%] I .% i, rit'. hlL (lItrhe+ dhurhilg aivi SotlY after all
intc'n,v raini, Th'c H';- i,,t , :" I pr~ling minl acc'oompaollinlg ;i tha'wi l a , ex' tlli ,il lif iI,-ltT.i 111 . which ( llicl , a re 1 ,(sIrillgv a fteq ately

and which nv1,l hrprovig. It niav ct' perfectly safe for a ditch
to ibe tlled liearl 1v to f i h lt'ir Pr,,vidl(., tll, level is not main-
taitl fl 1 1( I4 p :T'i ' in!\ ('1 11,11. T I vug lativtlv flat clhannels will
it or id l,;i rilv I, h i c ; -, \ \ t, ,1,,% i . l t ca , it %.

Tht, .ITj ;ti] -id , ti llc ulit liel 11(1t lie Coll'talit. Capiacity
1 a1,hN .i IlIc;I,.,. ;I- Ticc, -:iI\ ,,T i f 1,)1g 1 hIITII.I v. itl Ilt Illaking til .
entire hegih t,I II t xt ,i .i/,'. i lhl nntlhil l \ VI M I ch will accoll-
Ilodat, tll,,mifl 4 :ill1 ivrtill,'ing c'qpillt' la IhMII.w c->ta~lihedl, how-

ever, for eflt'ivi IIi 0ii:1111 ll ltaitv.
58 "lt' 111-t lIrHCilh, tll0 l -- t ,,i~ j ,' (P) Y/ 'il.v t I'f tm Pek Ilm's and

1 ,'Pth IIIf/l . ,tl ,' R,'.W, ( vltr.W,.

Surface Lining

Bart (arlth s!rilc., will 5.,tatnd iirll' ( l a limittd allolunt of flo\\
without ser-il, I T'i vrc fIi r ditcle.s hoitil le given I pro-
tec tiv e lillilig t , II I th il 'e rv iccai,,h a n d to lp re v\'e v x I t'cn~ v e a n d

( llt"geroll, t- (i.,li I.

Grass Lining

"' Ill-e I ,,t pir;tclic l lilliig ill llo,,t situlatiii.S ik gras,,. It is more
(conIlit'ica thai 01ther filling.,, to c,taetihlih and will pir 'ide adequate
protctioll illi hillit'l if a silall ll o il t of rliailittlliance is dote
faith fullh.

lhr iml oirtaltt ru('Iiitv)-itit f, til(- p4,1-.. i, that it forn a firm.
delle turf. 'eTlcra-, -,rvc> thi, fillictio well iII Indiaia. with
.ollie tall fc'-'u. tio give quick prwott't i,. Ile 4 :1 uixture of fescue
and Ihluegra- ig,, , l, ggi,,til for hjie'" (all alo be ist-ih ill ditches.
Reed canary g krassa, o t-lVe Well a, . ditch lining, giving good
protectioll anmd re-liring little care.
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'ilit rapid estaliliislliein t of a v.-getl lilting ill ditches is not
dutiiult buit ruc nuir.; attention to tit amile fundamentals :s starting
COver on hi , lo.. "I'lit sides and the bottoi of th ditlch should be
evell ;an!1 tit edgt', "'iioothlv ruidtl. Fertilizer .dhould be applied
at a rat, (if alhot 2() l (if 12-12-12 per 1XX) .q ft, or equivalent,
anid worked Into the soil. If limte , required, as shown by a soil
test, it 1al, applie.d at flit s amti tine :is the fertilizer. Seed is
the'n ]ro le;l<t ;it thc ratC of I ' I11 to 3 1h per I(XX) "41 it and covered
with 7() I, to '(l 11h of .,traw or hay 1uutileh.

Ill ;rca. ald sct'oii' sulijtet to considerable rainfall there may be
diftultv ill hIi g 'dc'd a!d uiiulch i,I the ditch. To overcome this
~roltl ian m opei me-h ii;ittiuik f plicr or jutt mav bc used instead

of straw ot ha% mtlll. TII umtting i, laid dowin after seeding and
pegged ill plac, with staples of No. 8 wire. Where more than one

Fig. 16, A itcth itd bt,1 i ti i t tt %kiu ;I Italtti turf. Thew dtlies were
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width of matting is re(quired, as is usually the case, theiadjacent I
strips should he overlapped 2 to 3 in, and stapled at 6 to 8 ft intervals.
Care must he taken that the matting is everywhere in contact ith
the soil,- for-if -water gets under the :matting thei seed and soil-,iwilI
wash away. The effectiveness of this installation depends oi making
the water flow over the net. When properly used this nmatting
effectively prevents erosion until vegetation is established, even when
subjected to substantial flows,

Another alternative is lining the ditch with sod, freshly cut, to a
depth of about .A in., from a well established, dense turf. Sod strips
should be placed across the ditch rather than lengthwise. Joints
should he staggered and strips pressed firmly against one another.
After sod is in' place it is tamped or rolled to produce a smooth
continuous surface. To keep the sod alive and insure a permanent
lining it should be watered, as conditions require to prevent drying
out, for several weeks after placing.. This must, of course, be con-
sidered in estimating the cost of sod as a lining for ditches. How-
ever, a healthy bluegrass turf placed in this manner will withstand
a considerable flow of water immediately after placing.

Paved Linings

60 There are two extreme situations where grass may be an unsat-
isfactory lining for roadside ditches-very flat grades and very steep
grades.

On, grades less than 0.5 per cent flow over a grass lining is
likely to 'be too slow. (The per cent grade expresses the slope of
the ditch bed in feet of rise or fall per 100 ft of horizontal distance
-0.5 per cent is Y ft fall per 100 ft; 2 per cent slope is 2 ft of fall
per 100 ft.) Vhen flow is too slow, silting or deposition occurs,
creating a clean-up p'roblem. Also, water remains in tile ditch for
lung periods, killing the grass and p~roviding a breeding place fori " mosquitoes.
InO .Extremely steep grades, on the other hand, tend to create erosive

velocities, scouring the turf and ultimately destroying su-ch a lining
completely if it Were possible to obtain at all. On slopes between
5 per cent and 10 per cent the primary problem is establishing the
turf. If it can be started, and is kept healthy by good maintenances ,
a grass lining will probably be satisfactory. On steeper grades it
is difficult or impossible to establish and maintain a turf lining.

Alternative linings for these conditions can be constructed of
asphaltic materials, iportland cement concrete, or rubble masonry,
These are all relatively expensive solutions, however, and are not
recommended except where essential,
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Bituminous Lining

\\'here a piived lining is clearly justified ani asphalt concrete
surface ina Iv constricted. IFor this, purlpose a wtll-1graded, dense,
rich mix is dc'-irable, rising a paving grade asphalt of penetration
between t4r aw! l(X) Aggregate should le clean, sonid alld well
graded With a n;axirN ) 1iUC of 3,j ii. to i l. Final thickness of
the lining sh,,rild lIe I ill. to 1,. " ill. (olli :actiro is an important
part of thi' cl.trrrctiol. .\f r tit mix i p., ,prd over tl surface
it should In, tlhor,ughl'v rolled or tamped to produce a dense lining
with a stir,,th ,urface.

lit areas where weeds a ! hirush are conmnimii it is well vorth
while to all!! v a 'ill steri;lait to heil ditch hefore a Iitunrilous lining
is placed liecause cgetatli ot i. J,. of tit major callses of deteriora-
tioi of .irch liirg,. .tri-oi, dirirori, Niraziti., or comparable
cheinick ictorr, l l' ' fir lilghwa v rrse il;t lie used fur this
purpose.

Concrete Lining

I 'erhap- ill(. rrru-t lractical ciicrele liing crtutrtiction for
cirlir t highw;rv hif-.atiolr., i- tilr lref;hlrric;iteil tYpt'. Itl this cOlt-
stricti+iir, i;ll('l- ;iti Cast ill st ll;dat- forms. at a coitmivei cent tral
Ircatioll al)(i hIaldcrl tri tire ditch ,ite. 61

Tle ditch scctiirr i, first shr aril ti, lit ard grade, aw! tle stir-
faces siiiouthred. "'Fr Th.hs are thtir placed ie ill( ditch with joints

Fig. 17. IPrc.'at c, -c.it ,lah, I ,itl ,' ; ciat'tc rirric rfl i cat f ihlinig steet
sectii-,is if ditchc ,her turf i,,c riv - ai dequate prt ctiwi Slabs

art ca .t at a centort Imati,, r aniit ;',,tr riiblt ir the ditlt.
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staggered. ( ;alvanized No. 8 wire is run 11r mgh holes in the panels
and fastened with a loop, or "pigtail," on each end to lace the units
into a Citiunuous that. The concrete sh otld extend 01) tlte sides at
least 6 in. higher than normal flow. The banks ahove the concrete
are then sildei, or seeded and mutlched, to estali-h a turf right

I1) to the edge of the lining.

Prefabricated 1aril for thi pnrpowc can he conistructed easily
either out of door, in smuoth bare ground, or inside oil a hard
floor. A panel 1 ft by 3 ft bv 2 in. thick weighs about 75 I and is a
practical ,ize for handling, although narrower units nmay be cast for
the bottom of small ditch ,ections.

.oncret for ,recat h;el sh,,uhl I (of a nlecitun consistency,
using a 14 in. maximum izc aggregate and not more than 5 gal
of water per sack if cenent. The slabs should he kept wet continu-
oulsl' for at least three la\'s,. ar lrcferablv seven days, after placing
rn order to ,. ti ul' strength in ile oncrte.

Only rarel v.ill it lie n'cc-,arv ,t iin' a ipav, lining. (;enerally*,
turf, with priplr atteItiti I') ditch calaciy aml water velocity, vill
serve well anI lhe' wmit tecnimuical. .eg.irdle 's (f choice of ma-
terial, howevvr, tIn, ftnitnlaimital principlh i>s-I-stablish an, Erosion

62 Resishat l.inin,.i ih, 'rit,ct I lt h,', from .Scour.

Velocity

There are tw, , limitiig vel-citie:, for proper functioning of road-
side ditches. Flow munit le rapid enotgh to prevet silting, or dep-
osition, yet not so fast as to cause damaging scour. It is not easy
to measure or predict the exact velocity of flow in a ditch. In adli-
tion, the mitimum allowabile velicitv depends in part on the amount
of material the water carrier frmi adjacent land, and the maximum
value depetd., on the ditch lining. Therefore, a major portion of
roadside ditch constructium and mtintetance ik hased on tunder-
standing of factur.- which itluence velocitv (if flow, and judgment
of the ciimditions in exi>stence at the (ditch ill (Ilet~toml. Fortlnatelh
the i",iwahle velocitY range i, great enough so 'that moost of the
cotiny), hilghway s v-ten cal ie well drained with a minimum of
maintenance byl using a ,I aic ditch section. roughly parallel to the
road, and lined with turf .\ few situations will require attention
to tihe limiting velocities.
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Low Velocity

Ill tlat terrain thi lroblem may be to get the water to flow.

(Ira,,iined ditches should have a slope of at least 0.5 per cent.
\Vhellthe r adwayI. grade i. less than 0.5 per cent the ditch must
have a steeper grade Ithan the road\va\. This means that the ditch
\will get deeper a, it ,noves dmn grade, and, if one is to keep
the side slope. 1at, tie ditch \vill Move farther away from the
centerline of the road. The grade of a ditch should always be
smooth, with no sudden changes of direction. It is especially impo.-
tant in the ca ,e of flat ditches that the grade be checked with a
survey instrunel t h, cats a flattening of the grade at ally point
nm1 reduce veloci-v enough to cause serious silting. One approach

1. ''n"

F:g. 18. This ditch illutratc, tNo \%taknes -the outlet is plugged with
I lvhri , alll tile '-hle is to,, flat. i\ell slMit'n the outlet is clealled

lit, tii, ditch %%,ill nt .d niirc iq , dram all tile \\atee.

to the problem f silting is to concentrate low flow itt a small
\'- haplw > ,im charnel ill the bo'ittom lf the ditch. This shouhl
It seeded p l'tect it from trouiln under ,torni flow, but
cotlcetlatinlg the lm vto\.s vill sonlttttilec gi\v adequate velocit\.
If Ilw is ,till to() .4m., or if .stained tltlow over long periods makes
it itltp(ilbhe to iniltain the turf lining, a half section of pipe may
he place iln t . -i',,inlar\' channel. The sn oo:.lir lining \will give
gretr vlcl it\ and >till protect the sui froh .tllitamtial flow. The
turf il th 1:ait chaltnel must be \well established right up to tite

pipe to pievent sc, tr or" utnde,cutting at that point.
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High Velocity

Steel), hilly country, in contrast to the plains, is likely to present
the problem of preventing excessive velocities. A good strong turf
lining will withstand velocities up to 6 to 8 ft per second-that is,
about 4 to 5 miles per hour. One way to get a rough idea of velocity
of flow is to throw a wood chip into tile ditch during an intense
storm. If a man can keep up with the chip at a moderate walk the
velocity is safely below the maximum. If he must walk as fast as
possible to kee) up with the chip the velocity is at, or above, the
safe maximum. That is, a turf lining would not withstand more
than short periods of such a flow, and is likely to require excessive
maintenance if it is to give adequate protection.

Excessive velocities are likely to occur where grades are more
than 6 per cent. Theiefore it is desirable to keep ditch grades less
than that. If the roadway grade is not much steeper than 6 pc-r cent
it is sometimes Possible tc- keep the ditch grade flat enough by making
the ditch deeper at the upper end than at the lower end. In this
case the location i.- fixed by the lower end, and, if possible, the ditch
centerline moves away from the roadway a> it moves uphill to
keep tile side slope> tat.

On steel) grade, a series of checks can be installed in the ditch
so that the ditch grade is coniierallv flatter than the roadway,
and the excess fall is taken Il) at the drops. Such checks may be
constructed of sod, rubbile or timber planking. If rub.le or plank
is used, it should be set well into the ditch hanks and bottom to
protect agami.t undehrcutting. Checks may be 6 to 24 in. high and
lutist have aii apron ol rubhlde or pavement for 3 to 4 ft on the
downstream side. 'I'l' top should be perfectlY level to distribute
the flow cx enly.

Anl alternative soltion to the problem of high velocities is to pave
the ditch with rubble, hittumitous concrete or portland cement
concrete. It is iiiu ,tant to remember, however, that paved linings
result in still greater velicit ie> representing eroisive energy which
must le controle., at )'Wwer ,evel,. If the water cannot be emptied
directly into a stream th-It is deel enough to a1so-h the flow without
scouring it niay be necessarv to build a drop structure or stilling basin
to absorb the exce.>ive eiiergy. Therefire it is recommended that
paved lining., ntot he used tule ,, a turf lining is clearly inadequ' fte
or impossible to e.tallih.

The guiding principle with respect to v( locity is-Keep Flow Fast
EIOUni'gh !o Z 'e7','!1 ])'pOsitiOn 'et lou, h't)nilh to JPrenit Yrour.
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Continuity
One often neglected principle of a satisfactory drainage sytsteli

is to have a continuous waterway, unobstructed by cross roads.
driveways, turnout., and the like. It is evident that if a ditch is so
obstructed that thit water is ponded, drainage is less than sat ! -
factory. Stagnant ii,olk tend to saturate the road bed, destoying
its stability, and they also are breeding places for mosquitoes.

F ig. li) An c\Utlcflt cXamiple of a colinouMi ditch is s;ixs no lii t: Nott
tu its rt, ( 1( I itkr ) uinder tacit outs t al d\ pa\ ud liining t v i

'c cti t', atnd tiot nutlt t ,i 0 ' irc 00011.

Ihrt lirt w( r \o two \ to gvt :orouttl- this ditficuilt Thli hu-1al 0.
jtnacl i, to) iii tall a culvert tiltthe ol1 tretlio. '['lii' is gencrlid'\
corrugated mectal lupc or rein forced conrt. liiet (1yeii s-taitthri!
strength. [I'i pipe >l uthmlo be large enouigh to Carl-' tOe >'tc)1tu 11u
in thec ditch. and at leasit 8 to 12 in.ii, II ianteter. SmIaller pipa.'

ar esi velgtge hoY leave' anid stickL and are oliicult t. loi
I f the( fill 1 ith ~uject too hca\ v luao'. stic h as all etitratice, I.
gravel pit, thec sp ecificationt, of the ittufacturer shottuld be ctc
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to see that the pipe will carry these loads with the anount of cover
which is proposed. The invert of the pipe should be placed in line
with, and at the same grade as, the ditch bottom. Also the culvert
should be long enough so that an easy turn can be made by traffic
moving off or onto the road. It is desirable to depress driveways
where they cross the ditch line to avoid shedding surface water
from higher ground onto the roadwav.

The other approach, where topography perliits, is to put a dip
in the profile of the fill or driveway. The (lip must be to the depth
of the bottom of the ditch, and the ditch sides graded to meet the

66

a. A culvert is provided under a driveway to provide a condipiuous waterway so
that collected water is not ponded above the obstruction. Note the low

point in the driveway to shed water from the drive into the
ditch, rather than onto the roadway.

b. Where topography permits, the driveway may dip into the ditch instead of
using a culvert. Full depth of the ditch must be maintained and the

edges of the driveway graded naturally into the ditch sides.

Fig. 20. Typlical Driveway l'rofiles.
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profile of the driveway. This construction will not be acceptable
for traffic of any substantial speed, however, and should be used
with care.

A great deal of good work in ditches is wasted if this principle
is neglected-.Mak,, Roadside Ditches Continuous, Unobstructed
1 1atereays to \'at ital I1 'aer'orses.

Outlets

A large portion of ditch erosion occurs at points of outlet to
natural %;k:erways or drainage channels. \Vhen outlets are not made
safe fri,, erosion serious damage frequently occurs to the road as
well a, to bridges and culverts. Therefore it is essential to provide a
well protected sluice or chute to carry water from the ditch level
to the stream level, or to build an outlet structure.

67

Fig. 21. A paved sluice, such as this, is a stable outlet for a ditch.
Thc lining ir ,tict s the slope from erosion.

In most situation., a sluice can be made to serve safely and is
less expensive to construct than a structue. The grade should be as
flat as possible-preferably less than 10 per cent. Since there usually
is a considerable droj , from ditch to collecting channel it is necessary
to divert the sluice well away from the road as it drops to the
stream in order to neet the grade requirement. Turf is the most
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economical lining where ii can be used. Frequently however, the
F,,o'Iems of establishing it will require some of the special measure=
f.r starting grass linings. The most common approach is to sod
thc chnnel as described for ditch lining. l3ecau ,e of the concen-
trated flow that may occur at the outlet it is wise to peg the sod
strips down with wooden stakes driven flush to tile surface. Also,
the lining should be extended far enough up the sides of the sluice
to insure that tile water will not rise above it, for that could cause
the entire lining to be washed away.

68

Fiv. 2? Tw,, pipe ,werhanging the stream prtivide outlets to the ditch from
both sides (;f this stream.

If the grade is not too steep or the quantities great, the method
of seeding and covering with jute or Ipalper matting may be used.
It is especially important here that the matting Ie in contact with
the ground at all points because it i,rtects the soil only by making
the water rutn over the mesh. If water gets tinder the matting the
seed bel niav be Coll 1 pletely d ' tivld. The stalples should lbe closely
spaced. The matting along the sidc,, (f the Sluice should be above
the highest water and turned under the ,oil at the top edges.

Where conditions are too severe to permit establishing a turf
lining, or if right-of-way is too limited to permit flaring the sluice,
a 1paved surface may be used instead, or an outlet structure ma'
le installed. lFrequently such a structutre may consist simply of a
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Fig. 23. A straight pipe may be used to outlet a ditch where the drop is too
Stee'p to maintain a sluice without erosion.

pipe running fruit t he el i I of the ditch to the stream. The outlet
eld shoul he at h Iat 1 ft abo'(v the water level inl the stream
and, lpreferalilv, should exteud out from the stream batik far enough 69so the flo\\ do : "lot fall on the batik. If this is impossible, the batik
may le irotecte l with rubble or paving When the drop is very

.' ,.; .::.L ,,-

Fig. 2.. For high drps i:t .hallim waterways, a drop inlet may be used to
reduce the grade of the uitl.t pipe. Here the excess energy is dissipated

inl the droup inlet, so ertrimi dut,, imt ,''ccr in the stream.
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high, or when the collecting waterway has a small flow so that
scour of the channel is likely, the outlet may )be a vertical drop
at the end of the ditch with a pipe from the bottom of the drop
to the stream. The drop may be a section of large diameter pipe
or may be constructed of bricks, concrete block or cast-in-place
concrete, but it sInuld hc large enough to perinit cleaning. \Vhatever
structure is used the inlet enl should be protected with a device
to keep trash from entering.

In some areas the road Is built above the surrounding ground and
the accumulated runoff from the road joins the general surface
drainage. It is imlportant in such situations that where the ditch
ends tile concentrated flow be spread into a broad sheet so as not
to cause ,illlying and serious ero.ion on tile adjacent land. If tile
quantity' of water is so great that this cannot be done satisfactorily-
the ditch section w v e continued at a level below the surrounding
ground to carry the accumulated flow to a stream or drainage channel.

Concrete or nietal pipe crossovers may be installed to drain
water from one side of tile road, where there is no natural outlet,
to the other side, if thc flow can be carried away' in a ditch or
over the surface.

An important rinciple foir all ditche-i-Pro-'id' Saf Outlets to
70 .\atural or Artificial I I "atrrcourses.

Field Drains

Iii areas of agricultural drainage roads often pass through
areas that are crossed with tile oi open ditch drainage systems.
These systems should empty into their own collecting lines which
carry flow to al main ditch or natural watercourse. They should
not discharge directly into a roadside ditch because they interfere
with maintenance operations, they contribute additional flow which
may require extra ditch capacity, and they may contribute sus-
tained low flows which make it difficult to keep turf alive. Also, the
erosion hazard is greatest at points where concentrated flow enters
the ditch, each tile outlet, therefore, represents a potential main-
teniance lroblem for the highway department.

Landowners should be encouraged to correct these situations
where they" exist. Where it is clearly of nmtual benefit to county
and landowner a single ditch may ibe made to, serve both the road
and the adjacent land rather than building two parallel ditches.
lHowever, the maintenance, as well as the henetits, of the ditch then
should be shared b\- the county and tile affected landowners.
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Maintenance
M\dlleueiuoe of '10'1 ,litclh,'. to, Ie i11o't effective. Should be di-

rected toward cauts., of pr lehui, rat her than effects. To this end,
olbser\vati mi of drainage condition, during and imniediatelv after
heavy stonrm, is plarticilarly h* \ lfu ]ii il detvrmining what needs to
he done to correct (xisting prola:, ( or improve a drainage systel.

.\ lthst re llii.sitc filr ditche.,, of Course. i, to keep then clean and
free (of oltructi,ms. (iulverts iLn( outlets -hould lie checked regilarly.
These points are especially susceuptilde to plugging with branches,
brush or other debris. If they are kept open a great deal of damage
from water backing uil) i., prevented.

71

Fig. 25. This culvert is ainlst cmtqletely useless until it is cleaned out
and the cri ihich r,,duccd the silt is stpt)lied.

Regular mowing and occasional fertilizing will keep turf healthy
and reduce problems of weeds and brush. \Where undesirable
growth does get started a sound herbicide prograin can be especially
helpful ili improving the drainage. k)eaul brush, branches, leaves
and trash should be removed from the ditch.

Where silting has, (occurred it i., important to find the source of
the material and to take lleastire, ti, ire\ent further erosion. Sec-
(ndarv stel will itnclude reim,,oal ()f the delpsited soil. ()n a turf
lined ditch cleaning ilperation, are )est rine iv hand. Blade graders
have ieen us.ed for ditch clcaning. ibut unles, Ilading is part of a
general reshaping and sceding. or ,oddiig. project it should be
ac oided wherevtr ploible. The blade tends, to dig into established
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turf, exposing the earth and creating points where erosion will pro-
ceed much more rapidly. Material removed from ditches should be
hauled away rather than spread onl the shoulders to be washed back
into the ditch.

Wherever the protective lining is damaged it should be re-
paired immediately to forestall further erosion. Points to be
watched especially for this are outlets from ditches and places where
concentrated flow enters. Efforts, such as these, directed toward
prevention of erosion and maintaiihing well drained roads will help
to stretch the highway dollar over the most miles.

72

Fig. 26. Two extremes-above, a well constructed and maintained ditch
helw, a ditch comdtely o%'ergrown with weeds and brush.
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CULVERTS

Culverts it ' ,,dy serve county higliway drainage in almost e\'ery
location -where r ads itrt.'ct )r" a driveway enters a highway, in
locations where \w-ater in a roadside ditch must cross the highway
to reach natural dlrainage. and a ,,t nany streani crossings. In any of
these situation . a cp \vart ".arate tile water and traffic streams
to perlnit continuotis t]fo\l , of lioth.

Though I cuhverts are constructed in se *eral different formis and
of various mnaterials. the -election and iiistllation of cuh'erts for
all locations are based on the stimle fundnmiental principles. In
the case of large struictures for strean crossings, waterway area and
strength may 1 e the controlling factors, while for a pipe under a
driv-ewayV, ease (if cleail.t and Iinited headroom may be more ill-
portant considerations. lb'wev'er, in all cases these are the guiding
principles :

1. Choose a culvert type and material to suit conditions at
the particular location.

2. Provide enough area to take care of flood flows and
strength enough for the loads to be applied.

3. Establish a grade and alignment which will give smooth,
74 steady flow.

,4. Provide a firm foundation ard compact backfill for com-
plete support around the structure.

5. Protect entrances and exits from scour, and flare entrances
for maximum capacity.

Culvert Type
Pipes

\ large nuilier of small cuh'erts are constructed of standard
pipe sections of concrete, corrugated nietal, vitrified clay or other
material. Pipe cl'erts are an economical solution to a great many
drainage prohlenis iecause they are readily available, easy to handle
and install, and can l placed in alnost any location.

What kind of pipe should be nsed? This is priniarily a question
of economics. The most f reiuentl " used materials are concrete and
corrugated metal. Because of its smooth surface concrete pipe will
have slightly greater capacity than a corrugated metal pipe of equal
size. Concrete Ipilpe has goiod resistance to abrasion and is not likely
to produce silting during low flows, therefore it is often desirable
for streanis carrying l:rge amounts of silt and sand or other debris.
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75

A.I
Fig. 27. The rnaj ritv if county highway drainage structures are simply pipe

culverts such as ths, shown here. ( Courtesy Armco Drainage and
Metal Prduiicts, Inc.)

Corrugateid metal piit. has an ad\'ajtagc it, its flexilhility for LIse
on soft foundation mater ial or where th..rc i, danger of settlenient,,
or slides. (orrugatcl metal helps to miininize erosive power of

streams, especiallv if the pipe is Iong.

Vitrified clay pi w is quite (luralole in are.as where soil or water

are contaminated with corrosive :,tibItances. Before choosing a
pipe for a locatiin near a coial itting oielration, or in the vicinity
of peat or ttck deposits it is best to have soil and water samples
tested by a laboratory. Ilighly acid or alkaline soils and water
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(pH less than 5 or greater than 8) are especially corrosive to metal
and concrete pipe. Soils contaminated with sodium or magnesium
sulphates are also damaging to these materials. In locations so
contaminated, vitrified clay is the best material. If it is necessary
to use metal pipe it should be protected with a bituminous coating.

Box and Multiplate Culverts

Capacities greater than, that provided by standard pipe sections
are sometimes required. Reinforced concrete box culverts and
multiplate pipe or arches are sometimes used to get the extra
capacity. Such structures may also be 'ised where unusually high
fills will create extreme loads on the culvert, or where the span
length required would involve a bank of several pipe culverts. With
structures of this size, however, economic solutions cannot be
achieved by rule of 'thumh procedures. It is necessary in these
cases to make use of careful design both for hydraulic and structural
conditions.

The first principle of culvert practice-Select a Culvert Type and
Material Suited to the Conditions of the Particular Location.

76
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NOTE: The deleted text presents information
about the sizing and structural design of pipe

I culverts. That information is more fully
covered in Compendium 3: Small Drainage

Structures.
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Grade and Alignment

In general, tile best location for a culvert is in the natural chan-
nel or at the center of the ditch, followitig the alignment and average
grade of tile bed. This is especially implortant in rolling and rough
country where water velocities are relatively high.

In flat land, where velocities are low, alignment may be varied
from the natural channel to permit placing the culvert in the dry
or to make a square, rather than a skew, crossig. Generally the
grade should be straight with the inlet and outlet conforming to the
existing channel bed.

77

Fig. 30. Usually the extra length of pipe required by a skew crossing pays for
itself in better drainage conditions, with no erosion or deposition problems. The
alternate location indicated often results in a continuous maintenance problem.

In steep areas with high water velocity it is best to maintain the
direction of the channel, even where it requires a skew crossing. A
sudden change in direction of fast moving water results in a highly
erosive condition on one side of the channel and, frequently, silting on
the othe: side. Where it is essential to change the alignment, the
inlet end should be placed in the natural channel and the adjust-
ment ma(de at the outlet end as necessary. Stream velocity may
sometimes be reduced by placing the first few feet of pipe on a
steep grade and placing the remainder on a flat slope. If the stream
bed is in rock or coarse gravel so that erosion is not a problem, the
grade line of the culvert may follow the natural ground rather than
making rock L,.,s to get a straight grade or flat slope.
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Culvert locations above the natural channel should be avoided
where possible because such locations create ponding on the upstream
side of the road and may' endanger the embankment.

Deposition is usually not a problem in culverts with a straight
alignment and direct inlet and outlet because flow is faster in the
culvert than in the channel. In roadside ditches at culvert en-
trances and cross;overs control of silting is primarily a question of
controlling erosion, as discussed in previous section. Culverts can
create erosive conditions, however, by increasing velocity. In such
locations corrugated pipe can have an advantage over 3mooth pipe,
especially if the c~ilvert is long, by helping to keep velocity low.
Sharp bends at entrances should be avoided. If tile channel has

78

(a)

(b)
Fig. 31. Culvert grades can be reduced by either of these techniques. Protection

from erosion at the outlet is essential. Less pipe is required in
(a) but maintenance of a sluice is eliminated in (b).
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s steelp gradle, the pipe ma*' be placed at a flatter grade than the
channul with i freeI fall at the outlet end. The outlet end of the
pipe shoul]d be extenled out from tile till far enough so that the
flow will not fall on the toe of the slope. A basin may be formed
below the exit to absorb the energy of the falling water without
erosion. An alternate po.,sibility is to pave the earth slope below
the pipe or protect it with riprap. This approach should not be
used, lv., cver, for a steam which carries a large amount of silt and
debris, hecause the reduced gra-le of the pipe will reduce water
velocity which will res;lt in deposition.

Culverts placed under high fills tend to settle more in the center
than at the ends. In order to lrevet a sag occurring, the pipe may
be laid with the center slightly higher than the ends so the settlement
will result in a straight grade.

Principle numlber three is-Plane Culverts on a Line and Grade
to Give Siooth ilow and Conipletc Drainage Ii'ithout Erosion.

Installation

l'ipe culverts depend ol the soil surrounding them for much of
their strength. Therefore, it is important that they be installed with
careful attention to foundation and backfill conditions. 79

Bedding

All pipe should be bedded thoroughl v to give adequate support.
In firm earth this is accomplished bY shaping the bottom of the
trench to fit the pi e. Thi5 fitted foundation should be about half

5R - CcFIRST CLASS CR r

FILL-- ~ lFL
FIL -Z O

EARTH SHAPED TO COMPACTED GRANULAR "---CAST-IN-PLACE
FIT PIPE BED SHAPED TO FIT PIPE CONCRETE BED

ORDINARY FIRST CLASS CONCRETE CRADLEBEDDING BEDDING BEDDING

Fig. 32. Bedding classes for culvert pipe. The foundation for pipe culverts
should alhays be shaped to fit the pipe. Most culverts are placed with

ordinary bedding. Extra strelngth is provided by first class a.1 concrete
cradle bedding. ( Concrete cradle shouhl tiot be used with flexible

pipe such as corrugated metal).
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as wide a, tile )ipe diameter. \\hen bell-end pipe is used extra depth
must be provided for the hells in (,rder to gel comtinuous support
through the straight portion of pipe.

Shaping the earth to lit the pipe is satisfactory for most instal-
lations and i., called ordinary bedding. First class bedding will give
greater strength needed for heav loads or high tills. Rigid pipe
may he I ' ,ced ill a Concrete cradle for extremely heavy loads.
These bedding cl:,es are illustrated in Figure 41. No pipe, of any
material, should be placed directlY on rock or extremely hard earth.
Rock foundatilois require an os er-excavation 8 to 12 in. below
the botton of the pipe and about as wide as the pipe diameter.
The excavati on is then hackfilled with compacted granular fill and
shaped to fit the pipe.

COMPACTED
GRANULAR FILL

80

D.

COMPACTED
GRANULAR FILL

2 D.
SOFT, UNSTABLE

FOUNDATION

Fig. 33. Foundations in hard and soft materials. Gravel mats should be
provided as bedding for pipes both it, very hard and very soft material.
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Soft, unstable foundations al o require special treatment. A
gravel mat may be used to support the pipe, as in rock foundation, bat
a larger layer of till is generally required. .A trench is excavated
in the undesiro'ble material about twice as wide as the pipe diameter
and I to 2 ft deep, as necessary. The trench is then backfilled
with compactw't gravel and shaped to receive the pipe. In swamp
and muck areas a timber or brush mat inay be placed on the foun-
dation material and covered with an earth cushion before installing
the pipe. Colcre'e pipe nav be placed directly on timber supports.

Placing

As soon as the foundation is prepared, layir,; of the pipe can
begin. Work should begin at the downstream end and progress up-
stream. Bell or groove ends, if used, should be placed upstrear.
Line and grade should be checked carefully as each section is
placed. Joints are completed as placing proceeds.

Corrugated metal pipe sections. are usually joined with corru-
gated metal bands which go around the pipc, covering several cor-
rugations of each section. The band is fastened with bolts, using
clamps or chain hoists on the larger diameter culverts to help get

81

Fig. 34. Backfilling is a most important part of the installation of pipe culverts
of all sizes. Note the clean, granular fill and the thorough tamping under the

sides of the pipe. (Courtesy Armco Drainage and Metal Products, Inc.)

48

I



Compendium 9 Text 2

tile band tight. Concrete or clap pipe may he easily joined with
rulblr gaskets which lit b)et ween the toIgue ani groove ends.
()thcrwise, joinits may be made with iortland cenment mortar or
grout. After the joint is complete, the imiside should be finished
smooth aid even with the surface. For pipe larger than 30 in. in
diameter this tmii>liing is usually done after the hackfill has been
Iilaced. Backlilling call proceed Immediately fwlwilg the jointing,
care heing taken to )re\'mt li.placing the pipe.

Backfill

Backtilling. a.; px)inted out, is a most imp;ortant phase of culvert
installation. The titaterial -hould he free of stones and (debris. Soil
sho(uld he placed in ( to 8 in. layers and thoroughly compacted with
niiechanical or hand tampers. Special care must be taken to insure
collacti(in under the .idles of the pipe. L.ayers are brought up
equal!y o l 1)uth .-ide, of the culvert to avoid shifting. It is best to
have some cover over the culvert before equipment is run over it.

Endwalls and Headwalls

Frequently it i, Hot mcearv to use endwalls and headwalls for82 lpi)e cul,'ert,. When they are used, as where right-of-way is
limited, they should Ibe constructed on a firm foundation to prevent
settlement or tipping. Footig,, .should be placed well below stream
bed to prevent undermining. Shifting of an endwall can pull apart
sections of culvert pipe, ultimately causing complete failure. There-
fore, the' should be constructed so as to prevent movement.

.A\ most imiportant principle for all ct,!.'rt. is-Provide a Con-
tinlious Firm Fowndation and a U 'niform Wt'ell Compacted Backfill
for -hdequatc Support.

End Treatment

Ends of pipe culverts require special attention to assure effective
flow conditions and prevent scour. The length of a culvert, too,
may be affected by the type of end treatment.

One common practice is to make the pipe long enough to project
bevond the toe of the roadway fill at both ends. The fill is protected
with sod or riprap, Lut ,io other special treatment is given for small
diameter pipes. For larger diameter pipes, the ends are often beveled
to conform to the fill slope bo)th to improve appearance and to make
a more effective entrance for water ol the upstreani end.
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Fig. 35. Two end treatments are illustrated here. Note the smaller pipe extended
straight beyson: d tie toe of the embank ment, and the larger pipe beveled to
fit the slope. A coicrete sill at the invert of th' large pipe prevents

undermining. (Courtesy, Arnic Drainage and Metal Products, Inc.) 83

Culvert length may le shortened considerably where necessary,
especially if fill slopes are flat, by installing a headwall and endwall
to retain the fill above the pipe. Such a structure may also be used
to help prevent scour in a fast moving stream. Total cost, however,

is likely to be more than a longer pipe with no end structures.

With the exception of long culverts on flat grades, the entrance
conditions are important in determining the capacity of pipe culverts.
Straight, sharp entrances, or headwalls with square corners cause
water to back up on thO upstream side of the fill. This ponding
can be reduced by rounding the edges at the entrance or by flaring

the entrance to make a gradual transition for the stream. The bell
or groove end of concrete and clay pipe provides a reasonably good
entrance. Standard flared metal ends are available for the ends
of corrugated metal pipe. Where headwalls are used, the corners

at the pipe entrance should be well rounded. Wing walls projecting
at an angle to the headwall also will )rovide a flared effect to help

converge the flow. Also, as noted, beveling the ends of large
diameter pipes to fit the fill slopes improves the entratice condition.
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!!

Fig. 36. .-\ t "tvic a standard flared end scctiin will improve entrance
cimlditi ,ml anld Jprqtvctt strean;l l' ;111(1 L'f11b;i1ktllCllt fromql c.rosiOn.

(tiurlc'y Armc,, i)rainagc anid Mctal I'ruduct , Inc.)

84 \Where :li 'trcam lhid i, erowilh., or vubhcitie., are high, a paved
apron iaV li*ye ci,.tructcl, extending 3 to 4 ft from the pipe entrance
and exit to ]irvem gullies from forinii. .-At the end away from
the pili, a sill, or Cut-oft" wall, should extend 1 to 2 ft htlow stream
led to prc\'n unlrcutting.

.\ major pro llein with cross drain, is to turn the water from the
ditch into tll( culvert. If the cross, draiii occurs at the end of a
ditch this may I)( accomlplished hiv installing an L-shaped headwall,
die projectiiog 1cg f the headwall turning the water into the pipe.
.\ better p racti ice. where lio-s.ible, is to lace the culvert deeper under
the road \%itlh a drop inlet or vertical pipe section at the ditch line.
The Olcning .hiuld lbe protected with a grate.

A fifth principle-Ilrotect I'nds of (ik'cris From 'iCour and

l/," I l:i.tiiCis for AJ.iimutm Capacity.

Maintenance

The first requirement of culvert maintenance is regular inspection.
\ major cause of failure., is the accumulation of debris at the culvert

entrance or on a fence line just above the entrance. The ponds
resulting from such barriers saturate the road bed and back up ditches
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preventing proper drainage. A fence piled high with brush may give
way sending a sudden surge of water which washes out the culvert
completely. These maintenance problems are best cured before they
occur. Regular inspections will show where cleaning is required
and simplify the job of keeping the entire highway drainage system
operating properly. Culvert locations should be marked with a
stake or iron post near tht entrance. On paved roads an arrow and
a distance to the upstream end may be painted on the surface.

When inspection shows damaged or separated pipe "ections, re-
pair or replacement should be made promptly. If storm flows occur
through damaged culverts, the surrounding fill becomes saturated
and much of the supporting fill may be washed away.

Scour at inlet or outlet should be controlled by sod, riprap or pav-
ing before undermining can endanger the structure.

Silt and sand deposited at culvert entrances may not be a serious
problem normally. Where thi:. does accumulate, it is important to
recognize that excessive erosion i3 occurring upstream. Location
and correction of the erosion is generallv more important that the
clean-up operation at the cuhe'rt. When silt accumulation reaches
serious proportions it should be removed. Sometimes silt can be
flushed out with a pump and high pressure stream. Frequently, a
hand shovel is a more effective tool. Silt accumulation removed 85
from culverts should, of course, be hauled away from the site rather
than be dumped on the shoulder to wash into the ditch again in the
next rain.

Winter maintenance should include checking all culverts after
snow plowing operations. Snow piled at culvert entrances and exits
can effectively block drainage, creating serious ice problems.

Culverts carefully planned with regard to size and location, prop-
erly installed, and maintained regularly will go far toward an effec-
tive hiehway drainage system.
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SUBDRAINS

As has been noted, many highway problems are related to excess
water. Unfortunately, an excess of water cannot always be pre-
vented by providing only proper surface drainage. Sometimes eroding
slopes and soft pavements are the result of water moving through
pervious layers of soil, or of a high water table. In order to correct
these problems it is necessary to install drains below ground which
will intercept and carry the ground water to a stream or open
drainage system.

Below are listed a few fundamental principles and guides to
successful use of subdrains :

1. Make subdrains deep enough, long enough, and so located
as to drain excess water from critical locations.

2. Provide a protected outlet to a stream or open ditch.
3. Select a clean, pervious backfill material to serve as a filter.
4. Install subdrains on a firm foundation with a well com-

pacted backfill.

Application

Cut Slopes
86 Cut slopes which continually slough away at a point where free

draning water reaches the face can be stabilized by installing a
subdrain back of the cut face. Figure 37 shows such a drain installed
to a depth slightly below the pervious material and backfilled with
clean sand. The underground water is carried away in the drain
to an outlet at a stream, removing the cause of sloughing. Then a
normal grass cover will prevent ordinary slope erosion from surface
water. This, in some situations, however, may not be possible due

I IMPERVIOUS CAP
FILTER

PERFORATED, POROUS, OR
' IMPERVIOUS ". ,,,OPEN JOINT PIPE. {ROAD

Fig. 37. This shows a subdrain intercepting free water in a slope before
it reaches the face where it would cause sloughing or sliding.
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to excessive depth of ditching. In cases such as this consideration
may be given to installing drilled or driven horizontal drains. An
accurate detailed surv'v must he made by competent persons before
such a treatm-nt is attempted.

Subgrade Drainage
Another aplication oif suhdrains is shown in Figure 38. Here,

the underground water floVs in a layer near the road surface. This
water can weaken the road and create soft spots and rutting. The
drain is installed in the pervious layer, beside the road, to intercept
the water before it reaches the roadway.

' ! ROAD

Iig. 38. "]'hi s hd ri ii t ferce'pt, wate~r th w ii g u niler a road t- keecp the
base dry adt statue:.

A' siniilar installationl can he u.,edl whenl the natural ground water
level is near the surface. I])rains lplacedl along each side of the roadl
will lower the water level unde'r thle roadl to make the base stronger.
It shoul be noted, however, that this s.'stteni will not he effective if
the sulbgrade is very silt)" or clavcy as the water will not drain fronm
these fine-graine, soill,. In that case, it is more satisfactory to
raise tile grade of the road with a free-draining material.

LOER TRPvLrM.{ WAY

,ATR[ AIN - j WATEFILTR

Fig. 39. STxlrains maiy he used to tlower a free water taad to strengthen thc
road and reduc effects of frost.
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Another, but les- ,requently used, application of subdrains is to
eliminate dee1p ditche.., with .tee 1) sides near the traveled surface.
This inav occur ill deep cut ,ection, or oin extremely narrow rights-
of-way.

\Vhere ,uch ditch es are a distinct hazard a subdrain may be
placed where the ditch would normally be, and backfilled with sand
to a level only s-lightly lower than the road surface. The shoulder
shoull still ,I. away from the road at about 1 in. per ft to insure
proper surface drainage. Surface water can l)e conducted into the
drain by placing drop inlet.s or blind drains at intervals along the
roadside, conuected to) tue subdrain.

Base Drainage
Suhdrain, ;ire attko umed to) drain the Ia-c course il cut areas

where it i., not practical to, carry the ha.,e through the shoulder.
These drain, do not serve t,, iwer the water talle. but carry off
water which l)ernt.ate, through the ,urface rather than running off
into ditches. \\h're ,ubgrade drain, are used, the\ can serve to
(train the base our-e as \\eli. Iilowever, where dense graded aggre-
gates are ued ill th l;l. e C s'., slilhrain. ,homld not he installed
because the e materials ,1() imt drain freely.

88
CUT SECTION FILL SECTION

SM 0'.-,.D E Rt T RAVELIE" WAY SHfOULD0E R

BAASE EITE
BASE EXTENDS

Fig...1!1. Ini cot arta' stII)(laiII, JII;(. tve 1i~'dIt(II raii watcr that .,.Cls inltO
ttiv hI a i rI olltc stu rl act,.

Drain Type
.Sthdrains. or uliderdlrain. may i lioprforatedl pipe, porous con-

crete pipe, solid pipe laid with pli. j(Ii(t(, or sinilily a free draining
nmterial iin a treutch with no pip~e ( French drains.

Perforated Pipe, Porous Pipe, or Open Joints
Generally the remst satisfactory type of subdrain is perforated or

porous p~ipe, lajid in a trench, h~acklilled with aI granular, free-draining
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material, and covered at the surface with a re!ative-," impervious soil.
Pipe is usnallh 4 to 6 in. in diameter with holes in two or more lines
oil one side of the pipe. It may be metal, concrete, or vitrified clay.
The same factors that are considered in choosing culverts will affect
the choice of material for subdrains--cost, foundation conditions,
corrosive substances.

Solid pipe, laid with joints unsealed, can effectively serve as a sub-
drain. Open joints are likely to permit silt and fine sand to enter the
pipe unless special precautions are taken. Where open joints are used
they should be covered with burlap, tarpaper, or broken tile, or they
may be surrounded with gravel or crushed stone before backfilling.

French Drains

French drains are constructed with no open conduit in them.
These drains depend on water flowing more readily through the
porous backfill thal through the surrounding material. As long as
the filter is not clogged, this type of drain is satisfactory. However,
it is far more likely to get plugged with fine material than is a pipe
drain, and it then becomes a severe maintenance problem. Therefore,
as a rule it is best to place a pipe in the trench to insure positive
removal of water.

89
PRREOPOGROUND SURFACE

IMPERVIOUS CAP OF

COMPACTED , -- -

SAND BACKFILL

Serp '~ PERFORATED OR POROUS

. . LAID WITH OPEN JOINTS

-IF PERFORATED PIPE,
I U 6 HOLES ARE PLACED

RVIO1_6 DOWN

Fig. 41. Typical details of subdrains. Note especially that the invert of the
drain is below the bottom of the water bearing material, the backfill

is a clean sand, and holes are placed down.
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Location

The location of subdrains is a critical part of their installation.
In each case, careful attention must be given to exactly what job the
drain is to perform.

In intercepting veins, or layers, of moving water, tile drain must
be placed at the bottom of the layer where water is flowing, and ol
tile side of the structure nearest the source of the water. Tile trench
is dug to a depth 4 to 6 in. below the pervious layer and shaped to fit
the pilje. This will insure complete drainage of the pervious layer.
The subdrain should extend the full length of the troublesome layer
of soil and must run to a proper outlet.

Suldrains for iprotecting shpes are placed well back of the cut
fac,. The trench i, usually dug from a point above the tot of slope.
Subdrains used to, intercelpt water which runs under a road are pref-
erably installed under the shoulder, but they may be located at the
ditch line. In order to lower the ground water table, suhdrains should
be installed close to the edge of the traveled surface. Htowever, it
is recoiniendtil that .such drains not be installed across tile road
hecause settlement, uover the drains are likely to cause a series of dips.
Subdrains installcd to lower the water tale have to be at least 4
ft deep to be eftecti\e, and they ire useful only in fairly coarse

90 soils. The required depth depeneds onl depth of frost penetration

and finenes., and connlmactne of the soil. \Vhere possible suhl-
drains should le placed with a slope to\%ard the outlet of at least 0.15
per cent-that is, a drop of 0.15 ft per 100 ft. Flatter slopes are
necessary in some locations, however, to obtain a free outlet, which
is essential.

The locatioi of iihgrade sulidrains nust ordinarily le decided in
the field on the liasi,., of iobserved conditions. Base drains, of course,
can be planned beffore construction since they do not depend on the
locatiom of water in the suhgrade. The guide to remember is-
Locate Subdrains ceep Enough and in a Position to Drain all of the
Troublesome 11'atcr .-way from the Roadway.

Outlet

Every subdrain inust have a free outlet in order to function
properly. The best installation will fail if the end is underwater,
plugged with delris, or if 'aninials nest in it. For this reason sub-
drains should be carried to a discharge at a stream, culvert, or open
ditch. The iottoni of the pipe is kept above high water in the ditch
and the end lprotected with a grate or screen. The outlet pipe may
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Fig. 42. This o.itlet discharges into deep water where there is no danger of
erosion. Note the height above free water to insure that the outlet will not

be subnerged. ('iurtesY Aric, Drainage and Metal Products, Inc.)

project from the 1bank to keep it free of deiris. If plowed snow
covers the onfitct it sli tuld he prtCpl iittl v to insure continuous
drainage and lrev'.-nt thet pile from filling and freezing.

Alln illIPrtalt p~riliildct fr uhldrain-l'ro,h" ant 1,7olstructd 9
it 'rot'cted ( Oith't to a Str'am or Open )ra in.

Filter

The backfill around sulidrains rinust serve as a filter as well as
provide support for tlw jI, i. The essential requtirements of filter
material are that weater flow ttrotgli it iore readily than through
the surrotnding soil. and that it not be plugged with fine particles
fron the surronding soil. To satisfv the first requirement, the fill
should be a clean granular naterina. To prevent clogging with fines
it nltm not lic toocoar>'. In il,,t siW a clean sand such as used for
concrete will s(rve ,ati-factoril v a s a filter material. Open joints
iutist li lrotcted to prevent tlhe sand washing into the piipe. This
can be done with tarpalpecr Iurlap, broken tilt, or crushed stole.

]-or plcrltlniit, ctectie ttdergrottnd dr'tinage-.urround Sub-
dr(i iII th a ("I h, i. /'crT'iols 1Fi7/c/ .lat i'ril.

Installation

Installati, ron cedures for subdrains are esseintially the same as
for pipe culerts. lFirm, continuous bedditing is essential to prevent
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destructive settlements and/or crushing of pipe. The supporting
earth should be shaped to fit the pipe. Pipe should be laid with the
holes onthe lower side.

The filter backfill l)rovides tile support for subdrains. It must be
brought up equally on both sides of tile pipe and thoroughly corn-

pacted. The top foot of backfill should he clay or other impervious
soil unless the subdrain is intended to serve surface drainage as well
as underground drainage.

92 . . '

Fig. 43. In this installation oi a subdrain perforated pipe is used and installed
%, ith holes down. Note the string line to assure installation to proper grade

and alignment. (Courtesy Clay Products Association)

NNhere a deep subdrain is installed to intercept water in a per-
vious layer of soil, the filter backfill is sometimes used only for I to 2
ft above the pipe. Thle remainder of the trench is backfilled with the
soil which was removed from the trench, or anv' suitable fill. How-
ever, if clean sand is available, it is desirable to use the filter material
for the entire backfill, except the seal at the top. This provides a
nmaxinul area for seepage into the filter and least likelihood of
clogging by fines washing into thle filter.

To insure long-lived, maintenance-free subdrains-l'rovide a
Firm Foundation and I'ell Compacted Back/ill.
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Maintenance
The inspection l rogral in the maintenance of culverts should

include inspection of subdrains to insure their continuous operation.
Outlets shotld he well marked or mapped so they will not be over-
looked on ins)ection trilps. If cutlets become covered by snow anl
ice, brush, or delris, it is essential that tihey he cleared if the drains
are to work as planned. Suldrains that never carry any water
are either iieftfectivelv located, the lile is )ltgged, or the filter
clogged with fines. In an' v case, the only correction is removing and
reinstalling the driii. It is evident, therefore, that care in installa-
tion is a most important factor in minimizing maintenance of
sulbdrains.
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ADJOINING LAND
Drainage and erosion control problems are not restricted to the

highway right-of-way. Water does not recognize boundaries of land
ownership or political responsibility. Therefore, proper drainage
and erosion control requires cooperation between highway personnel
and owners of land adjacent to the highway.

One way to encourage landowners to use good conservation prac-
tice is to set an example of good management on the right-of-way.
In addition, highway departments have a major responsibility to
prevent damage to property adjacent to the road from concentrated
streams of water running from the right-of-way. Outlets of drain-
age abilities should be to established watercourses wherever possible,
and should be protected from erosion so as to remain stable and
effective in disposing of runoff.

Even though county highway departments have no direct control
over pi-opertv owners they can encourage good conservation practices.
Choice of crops and method of cultivation can have a great influence
on the amount -f soil which is washed into roadside ditches and
even onto tile roadv,-tv itself. Assistance in planning and promoting
erosion control is readily available from the Soil Conservation Serv-
ice of the Departnent of Agriculture and from the Indiana Agricul-
tural Extension Service.

Frequently, county officials may improve the highway drainage
conditions andi save ruone' by assisting landowners in carrying out
an erosion control plan. Ilighway department equipment might be

Fig. 44. This pond is created by using the highway embankment as a dam.

Note the culvert outlet safely below road level at the far side of the pond.
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used in grading, ditching or terracing operations to expedite a
program. Landowners inight contribute materials, and the highway
department labor and equipment to improve a driveway or install
a culvert. Soie landowners will contribute right-of-way at little
or no cost to tl'e coumiy for improving the drainage conditions, pro-
vided tile county will provide a new fence.

O~ccasionally, a hignway embankment may be made to serve as a
dam for a farm pond. Vhenl SucLh a (lual J)Uprose call be served by
a planned improvement with proper design so the road is riot under-
mined and the dam is effective, tile benefits in good will and coopera-
tion of landowners and tile snubsequent savings in maintenance cost
nay far out\k,'eigh the cxtra c( t involved in construction.

, OOl)erative efforts of county highway personnel, landowners,
and interested state and federal agencies, directed toward effective
drainage and erosion control and guided by sound principles will re-
duce highway failures anod make travel safer and more pleasant for
all.

95

62



Compendium 9 Text 2

APPENDIX

GLOSSARY
AASHO American Association of State Highway Officials.

Alignment The horizontal direction of a road, ditch or other structure as
shown in a plan view.

Asphalt A solid or semisolid material generally obtained as a residue in
the refining of petroleum.

ASTM American Society for Testing and Materials.

Backfill Earth fill surrounding a structure and provid;ng support for the
sides.

Backslope That part of the roadway, in a cut section, front the ditch line
to the original ground surface.

Base course A layer of granular material which lies inmediately beneath
the wearing surface of a pavement.

Bedding The foundation materials and condition for pipe.

Bell and spigot Pipe designed so -hat the end of one section fits inside
the end of the next section.

96 Bitminous material A general ternt used to indicate a material containing

asphalt or tar.

Bridge A structure with a span equal to or greater than 20 ft for
carrying a road over a stream, another road, railroad or other obstruc-
tion. (See Culvert).

Clay A fine grained soil (passing the No. 200 sieve) which has consider-
able strength when dry and i, plastic, or putty-like, at sone water
colntents

Cross drain A culvert which carries ai accuniulation of xater from a
roadside ditch to the opposite side of the road.

Culvert A structure for carrying water. beneath a road. The term is
usually restricted in application to structures less than 20 feet long
measured parallel to center line of roadway.

Cut slope Backslopc; the limit of excavation from the ditch line to the
surface of undiiturbed ground.

Deposition Accumulation of soil and/or dcbri, deposited by a stream.

Ditch A depression or trough iii the ground for carrying water.

Drainage Structures and facilities for collecting and carrying away water.
Also. the water that is carried away.

Drainage area Of a given point, that area of land from which all water
drains past that point.
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Embankment An earth, or rock and earth, fill for carrying a road above
the surrounding ground.

Endwall A structure, usually concrete or rubble masonry, at the down-
stream end of a culvert, which retains the fill and anchors the culvert.

Erosion Movement of soil by the action of water and wind.

Filter A backfill which readily permits the flow of water but restricts the
washing of fines from the soil.

Foundation The material on which a structure is placed, or the lowest
part of a structure, which distributes the load to the underlying
material.

Grade The rate of rise or fall in the profile of a road, ditch, or other
structure.

Gravel That fraction of soil consisting of particles smaller than 3 in.
which will not pass through a No. 4 sieve.

Ground water level The elevation of the free water surface-the elevation
to which the water surface will rise in an observation well.

Headroom The distance from the top of a pipe or other structure to the
road surface.

Headwall A structure, usually concrete or rubble masonry, at the up-
stream cnd of a culvert, which retains the fill and anchors the culvert.

Impervious A property of oil or other material which prevents or inhibits 97
the flow of water through the material.

Intercepting ditch A trough or gutter, at the top of a slope, which collects
surface water and prevents it from washing over the slope face.

Invert The inside bottom surface of a culvert.

Mulch A covering over'the soil which temporarily protects it from erosion
and maintains temperalure and m,,isture conditions favorable to ger-
minati'n of seeds.

Multiplate Pre-curved corrugated metal sheets which are bolted together
to form a pipe or arch structure.

Permeable ,\ property of soil or other material which permits the .9ow
of water through the material.

Pervious A property of soil or other material which permits the flow of
water through the material.

Profile The vertical direction of a road, ditch, or other structure; a view
of a vertical section of the structure.

Portland cement A product obtained by pulverizing a clinker that is made
by burning a carefully proportioned mixture of calcareous and argil-
laceous material, usually limestone and clay.

Riprap A layer of large stones placed to protect soil from erosion.

Rubble masonry A type of construction using stone or broken rock laid
dry or cemented in place with mortar.
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Sand That fraction of soil which passes a No. 4 sieve but will not pass
a No. 200 sieve.

Scour The washing away of soil around and beneath a structure.

Scupper Ali opening in a bridge floor or curb to permit water to drain
from the surface.

Silt A fine grained soil (passing the No. 200 sieve) which has little or
no strength when dry and is not plastic or putty-like at any water
content.

Silting The depositing in a strean or ditch of fine soil carried from higher
ground.

Skew The angle a stream or structure makes with a line perpendicular
to the roadwav.

Slope The surface of an earth fill or cut, or the grade of that surface
expressed as the ratio or horizontal to vertical distance.

Sluice \ chantnel, with a protective lining, which carries water over a
slope.

Sod A layer of grass and soil cut in sections or strips from all established
turf.

Span The length of the opening of a bridge or culvert, front support to
support, in the direction of the road. For pipe culverts, the greatest

98 vidth of the pipe.

Subbase course A layer of material beneath the base course of a pave-
ment and above the subgrade.

Sudrain A structure beneath the ground surface for collecting under-
ground water and carrying it to an outlet.

Subgrade The natural ground or an embankment upon which a pavement
is constructed.

Subsurface drainage Collection autt renoval of underground water.

Surface drainage Collection and removal of water from the surface of
the road and the ground.

Tar A liquid or seniolid naterial generally obtained as a by-product of
tle productinl of coke front coal.

Underdrain A structure beneath the ground surface for collecting and
renmoving underground water.

Vegetal cover A continuous growth of grass, legunmes, vines, shrubs or
other plants which protect surface soil front washing or blowing away.

Vitrified clay A product of clay which has been formed under pressure
and hardened at high temperature.

Waterway area The area of the opening itt a culvert or bridge through
which water may flow.
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CONTROL OF EROSION ON HIGHWAYS

C.S. Dunn
Department of Transportation & Environmental Planning

University of Birming ham.

1. INTRODUCTION

The objectives of erosion control should be.in order of
priority4

(a) to protect the road structure so that it continues its
function of permitting uninterrupted flow of traffic at
its design speed in safety,

(b) to protect the earthworks and drainage structures, in
order of importance: fill slopes; ditches and drait. re
structures;cut slopes,

(c) to prevent damage to the Ihnd adjacent to the road reserve
(in fact quite often the neglect of control measures on
adjacent land creates serious problems of erosion within
the road reserve),

d) to reduce soil loss from the road reserve which silts up
drainage wayswater storage reservoirs, and pollutes
rivers,

(e) to contribute to the improvement of the aesthetics of the
landscape.

2. HECHANISM OF EROSION

I:n order to make provision for erosion control in design, it
is important to understarj the mechanism of erosion and the effect
of the principal factors waich affect the rate of erosion and soil
loss. Huch research has been done by agronomists on sheet erosion
of agricultural land and attempts have been made to apply the
results to roadside slopes which tend to be much steeper
particularly in the tropics.

A generally applicable method of estimating the rate of soil
loss on roadsides has not yet been developed. The main problem is
that it is still not possible to classify the erodibilitv of a soil
from a knowledge of its physical or chemical properties. One
suspects that the relationship is so complex that when it is
eventually better understood, it will be of little practical value
to the highway engineer.

Erosion may be considered as the detachment of particles from
a soil surface and the transportation of the detached particles to
a new location. First, raindrops hit the slope surface and the
impact detaches particles of soil. Then the run-off water flowing
down the'slope, transports the detached particles and may also
contribute to detachment. The rate of detachment by impact is a
function of the energy dissipated at impact)which is equal to the
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kinetic energy of the drops ( - cl HX2 ) where M is the mass of the.
drop and V is the terminal velocity. Comparing the kinetic energy
dissipated by impact with that possessed by the same mass of water
flowing relatively slowly down the slope, one realises that energy
of impact must be many times that of the flowing water. This
simple argument illustrates that the most significant energy
causing erosion is in falling rain rather than in flowing surface
water. Thus, it is clear that erosion can be reduced in the first
place by protecting the soil surface from direct impact of rain with,
for example, a stone or straw mulch, a man-made close textured
netting or more usually a covering of vegetation.

Hudson (1) showed that the kinetic energy per unit quantity
of rain increased rapidly with inteisity particularly over the
lower range of intensities (0 to 50 mn/h.) as shown in Fig.l.
Recently Kinnell (2) disputed Hudson's findings and showed that
there was an approximately linear relationship between kinetic
enermy per unit area per unit tine and intensity. It is clear that
the relationship loes vary accordinp to rain type and geographical
location. At low intensities, the energy dissipated is ton low
to ra,,qe any signifirant erosion and it is generally considered
that about 25 mm/hour is the threshold intensity a which erosion
starts.

102 Figs.2(a) and (b) show what mirht be typical rainfall
intensity diagrams for temperate and tropical climates. While the
total tropical rainfall may be twice that of the temperate climate,
the erosion rain which falls is 16 times that of the temperate
climate. Taking account of the relation in Fig.l. it is obvious
that the kinetic energy of the tropical erosive rain must be even
greater than 16 times that of the temperate. Ilence there is an
obvious need to pay partioular attention to erosion control in
highway design in the tropics. As part of an investigation for a
proposed highway it would seem useful to assess the erosion power
of the rainfall from meterological okservations of the area (2,3)
as well as assess the etodibility ofthe soils.

3. FRODIBILITY OF SITE

A way of quantifying erodibility of a site is to measure the
rate of soil-loss per unit area of site per unit time
(e.g. tonnes/hectare/annum). Frodibility is a function of the
erosivity of the rain, the soil properties, the topography, land

cover and management. When applied to a single slope the
topographical factors are simply the slope length and its
steepness.

The U.S. Agricultural Research Service have puhlished a
Soil Loss Equation (3) which is supposed to permit one to predict
the average annual sediment yield 'A' from construction sites.

The equation is A - KRLSCP ...... (1)

K is the soil erodibility factor depending only on soil
properties.

R is the rainfall factor or erosivity.

119
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CP are reduction factors representing the effect of slope
cover and conservation practices.

LS is a topographical factor and is expressed in terms of
slope length I (in m units) and percentage slope S. For slopes
up to 202

LS - 3.28 1 o.5( 0.0076 + 0.0053 S + 0.00076 S . (2)

Equation 2 shows that erosion is proportional to the square
root of length.

This suggests that one should perhaps find a way of breaking
up a slope by interrupting the flow dnwnslope using contour
ridging, berms or strip sndding. The equation also indicates
that erosion increases rapidly as the percentage slope increases.
dowever, this relationship only applies on slopes up to 20Z. ioth
cutting and embankment slopes corm:only exceed .20. in road reserves
and in the tropics cutting slopes in some soils can be at very
steep angles up to vertical (4).

Rowlinson and Martin (5) carried simulated rainfall tests on
inqlined surfaces of a compacted cohesive soil and measured sediment
yield. They showed that as the slope angle was increased the
normal component of raindrop impact force decreased,resulting in a 103
reduction in the rate of soil detachment. However, the increased

slupe led to an increased velocity of surface water flow which
increased the rate of sediment transport. WNhile on low slopes the
rate of sediment transportation determines the rate of erosion, on
steep slopes the rate of detachment determines the amount of
sediment availible for transportation. Because this rate of
detachment falls is the angle increases, there must be an optimum
pradient (Fig.3.) at which erosion rate is highest. It is clear
tillt this optimua value must vary quite considerably with numerous
v.riahl:s which rmst include soil type, rain intensity and the
depth of flo'wing surface water. The relationship is not
understood and the effect of slope gradient above 20% on the rate
of erosion cannot he predicted.

'While agronomists advise that erosion can be reduced by
reducing slope gradients, engineers should remember that their
advice applies only to low gradients and that erosion can perhaps be
reduced iby making slopes very steep. Also,if a slope of a cutting
is made less steep, the length of the slope is automatically
increa ed, a factor which increases sediment yield. Stability
conditions permittin,-, vertical faces can sometimes be cut in
eroiiblc soils. These remain intact simply because rain impact
forces in the slope faces are too low to cause detachment.

3. I /FIX.t'.NCI OF r.lOPE SHAPE

The rate of erosion or a slope is affected by its shape.
It has been shown (6) that for slopes of the same overall steepness,
a concave shape is most resistant to erosion. The steepness of thebotton portion of a slope(over which all the run-off flows) has a
major influence on the relative erosion. It has been observed
after a large number of periods of erosion that a slope will
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naturally develop a concave profile. It is suggested (7, 8) that
the most resistant slope shape will be one which is concave ovet most
of its length, with a short convex portion just at the top of the
slope in order to avoid a sharp change of gradient between the
natural ground surface and the start of the slope, as illustrated in
Figure 4.

4. SOIL ERODIBILITY FACTOR

Perhaps the least quantifiable factor in the soil-loss equation
is the soil erodibility factor K. ;Jischmeier and Meyer (3)
proposed a complex equation relating the soil factor to soil
properties based on regression analyses of numerous field studies in
the U.S.A. east of the Rockies. K is defined as the soil loss in
tons/acre/unit of rainfall (R) from a standard plot of soil in a
fallow and continuously ploughed state (downhill) on a 9 percent
slope 72.6 feet long.

The magnitude of K is dependent on

(i) the percentage of silt and very fine sand (0.002 to
0.10 rn)

(ii) the percentage of sand (0.10 to 2.0 mm)

104 (iii) the percentage organic content

(iv) the soil Structure Index defined as:

1 - very fine granular

2 - fine granular
3 - medium or coarse granular

4 - blocky, platy or massive

(v) the Permeability Class defined as:

I - rapid

2 - moderate to rapid
3 - moderate
4 - slow to moderate
5 - slow
6 - very slow

A nomograph (Figure 5) has been produced which facilitates the
use of the empirical equation. The authors claim to have
correctly estimated the soil erodibility factor on several
construction sites. However the validity of the nomograph remains
to be tested on subsoils high in clay content, on residual soils or
on those chemically cemented In the tropics on surfaces exposed
to rapid evaporation, iron-oxides tend to concentrate in some soils
and within a few weeks of exposure, a soil slope can build up a
layer of iron oxide on the surface which forms a protective crust
against erosion (4). It is almost certain that the nomograph would
overestimate the erodibility of any such soils with cohesive bonds
and future research is required to provide an additional parameter
to take account of the effect of cementation in residual soils,
indurated sedimentary deposits and salt rich soils.
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Parallel work on erodibility has been carried out in Portugal
(9). A study of 26 different soils on slopes near Lisbon were
classified as erodible or not erodible according to the way in which
the slopes behaved over a number of years. After carrying out an
exhaustive series of physical and chemical tests on each of the
samples, it was found that two simple criteria could be used.
Erodible soils either contained between 49 and 96% passing No. 40
ASTH. sieve, or a swelling test conducted on compacted material
passing No. 40 sieve exhibited swelling > 11%. These criteria were
confirmed by a further series of tests conducted in the Lisbon area(lo).
The Portuguese intended to test the criteria on sites in East Africa
but the results have not so far been reported.

There have been several attempts at devising simple laboratory
tests for assessing the rain erodibility of small soil samples (11).
The more sophisticated use rain simulators on soil in boxes tilted
at an angle (12). Inderbitzen (13) used water flowing down an
inclined plane in the middle of which the face of a cylinder of soil
was placed flush with the surface. Philipponnat (14) pointed out
that the impact of rain was an important mechanism in erosion and
devised a simple test in which a fine jer of water was discharged on
to the inclined surface of a cylinder o ~f'Koil. Erodibility (Er)
was defined as the product of the depth of the groove cut by the jet
(cm) and the weight of soil lost (gm). Very erodible soils had
Er > 60. lie found this test useful for classifying the erodibility 105
of soils in Madagascar. Several interesting results emerged from
his tests. Micaceous fine grained soils were extremely erodible;
laterites generally had a lw erodibility; well compacted soils had
a significantly lower erodibility than poorly compacted soils and
intact decomposed rocks of moderately high in-situ density were tuch
less erodible than the same materials compacted to the same density.

5. CONSERVATION PRACTICE (P in the soil-loss equation)

This can be regarded as the superimposed measures which
reduce the effective slope length and runoff concentration. On
slopes steeper than 1 in 3 it is difficult to stabilise vegetation
and in the period just following construction when slopes are bare,
they are particularly vulnerable to erosion change. The following
practices assist conservation.

6. CONTOUR RIDGING

Catchment ridges may be cut by hand implements along contours
about 300 mm apart. These serve to retain both seed and water (15).

7. LIGHT SCARIFICATION

Where slopes are between 1:2 and 1:3, it may be sufficient to
lightly scarify the surface in preparation for seeding (15).

8. SERRATIONS OR STEPPING

Steps may be cut by hand to a depth of 150 to 200 mm so that
topsoil can be spread over the bank and held in place. This is a
very expensive treatment and can only be considered when the in situ
material is too poor to support plant growth (8, 15). On steep
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slopes in weathered rock, slightly larger steps have been
successfully used (16).

9. STRIP SODDING

A technique commonly used in Korea is to lay narrow stri.,s of
grass turf along contours about 500 m-n apart on slopes up to about
1;1 (17). On the steeper slopes tbe strips have to be fixed in
position by driving stakes through the sods. The grass eventually
spreads between the strips to provide full cover. Diagonally laid
turf strips are used in the wetter areas of Australia (18).

10. SLOPE FASCINES

In West Africa temporary stabilisation of steep slopes has been
achieved by bundles of bruslwood fascines staked in lines along slope
contours (19). Wattling is a similar technique involving staking a
series of poles diagonally across the batter face (18).

11. RIP RAP

There are locations where it may be justifiable to utilise
rip-rap protection of steep cutting slopes. On the new expressjays
designed and built by the South Korean government, some steep cutting

106 slopes proved to bc difficult to stabilise. Ground water seepage
which occurred after a prolonged wet spell tended to break oue in
springs which caused internal erosion and local instability. The
prob lem was solved by covering the most erodible parts of the slope
with stone rip rap (17) and forming contour drains and chutes to
collect seepage and surface water. This technique would never gain
general acceptance as a means of controlling erosion but given that
waste rock was readily available from nearby cuttings, that the unit
cost of labour was very low and that the presence of the rip rap
saved the slope from being regraded to a lower angle after
construction, the solution was not as uneconomical as it appears.

On the Seoul - Pusan Expressway one can find at one location a
cutting slope protected by precast concrete units interlocking to
form a widely spaced mesh (17). This was used for the same purpose
as the rip rap but undoubtedly was not economically justified.

12. SOIL-CEMENT

In the U.S.A. soil stabilised with a small percentage of cement
(up to 3%) has successfully been used as facing for higlway
embankments to give erosion protection (20).

13. USE OF BENCHES

Benches are commonly used as a device to teduce the overall
slope an~le, to catch debris and prevent it fhlling on to the road
and to avoid the accumulation of the total runoff at the toe of the
slope. In some soils of low shear strength and stability, it is
probably harmful to employ benches since they can permit the
penetration of water into the slope. In stiff soils or soft rocks
where steeply sloping faces are possible, benches can be justified.
Ideally each bench should have a rearward grassed slope drained by
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a lined longitudinal channel with a good fall. Benches have been
successfully used in laterised soils where the slopes of between 5
in 1 and vertical have been safely formed.

14. CREST INTERCEITOR DITCHES

It is advisable to prevent surface runoff from rising ground
behind a slope,running down the slope, particularly if the
catchment area is large. The usual solution is to install an
interceptor ditch a fc- metres back from the crest of the slope.
Care must be taken in positioning and design of this ditch because
any dam-ming up of water in the ditch through lack of maintenance
could result in a 'lubrication' of a potential earth slip.
Sometimes excavation for a crest ditch will cut through a resistant
soil into an erodible or a very pervious stratum which would
obviously be detrimental (11). In such a case it may be more
practical to divert the runoff fro:. higher ground by means of a
diversion bank. This must be laid along a low gradient to prevent
it being eroded. he cheapest ditches will be unlined but,aswill
be seen belowj, unlined ditches must be laid to a gradient which will
not persit t',? flow velocity to exceed the critical value at which
erosion of . e invert occurs. French engineers com:only use lined
crest ditches of concrete or precast sections and often lay these on
steep gradients. This is sometimes necessary but very often flood
waters erode the soil along the sides of such drains or leak through 107
an open joint or crack and then undercut the structure. Care must
therefore be given to designing precast sections with joints which
are both flexible and leakproof.

15. ASPHALT DYKES ANO CHUTES

For the purpose of reducing sheet erosion of embankment slopes
the Koreans adopted a standard procedure of constructing a sand
asphalt dyke on the edge of highway shoulders to prevent surface
runoff from flow-ing over the edge and down the slope (17). Water
is channelled by the dyke into a collection chamber from which it is
discharged into a chute running down the embankment slope as shown
in Figure 6. The kinetic energy of water discharging dean the chute
is destroyed by a baffle constructed at the toe just prior to
connection with a ditch.

Although undoubtedly efficient, these drainage structures are
expensive. Depending on the soil erodibility and rain erosivity it
may be adequate simply to encourage growth of grass cover on soil
slopes which would resist the erosion otherwise caused by pavement
runoff in the ,bsence of the dyke. If there is danger that severe
erosion may be caused before vegetal cover can be established, it
may be economic to construct temporary voil dykes such as sand filled
burlap protectors (21) and temporary chutes made with jute, rice
straw bags, or some such sheeting.

16. c(wl:R AND RANA1:. TNT (C in the soil- loss equation)

It was shomn above that slope erosion could be significantly
reduced by protecting the soil from the direct impact of raindrops
usitg some form of cover. The cheapest form of cover is grass.
In many regions the soil is fertile and moist enough to support
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indigenous grasses which naturally 'oliferate themselves and within
a year or so provide an adequate c ,er without human intervention.
However, on erodible soils such c,; er may develop too slowly to
prevent serious erosion damage and the surfaces of slopes in such
soils may have to be seeded, planted or turfed or in some other way
protected soon after construction.

For slope protection ic, growing sod forming varieties of grass
which spread themselves fairly rapidly by stolons ctove ground and/or
by rhisomes from underground roots are best to prevent sheet erosion.
cynodon dactylon (Bermuda grass) is one such commonly occurring
perennial grass that is recommended for slopes inwarm climates. It
establishes itself rapidly, is resistant to erosion and traffis wear,
can be adapted to a variety of ground conditions, can persist in
alkaline soils and tolerates droughts well. Digitaria decunbens
(Pangola grass), though less common, is considered to offer even
more protection (24). It spreads rapidly and can persist in semi-
arid regions.

^nother very common grass suitable for more humid climates is
Axonopus (Carpet grass)(22). There are many varieties of grasses
suitable for tropical areas and mai y of these have been listed and
described in references 22, 23 and 24. Those for more temperate
and cold climates are listed in 22, 25 and 26.

108
Mixtures of grasses are often used particularly in temperate

zones with the objects of reducing the danger of degeneration of the
sod by disease or nutrient deficiency and of extending the length of
the period of growth and protective efficiency. Mixtures may
contain a combination of fast and slow growing grasses, and grasses
whose growth periods differ (24).

Where it is essential to obtain effective surface protection
very soon after construction, rapidly growing annual grasses such as
barley, oats, or annual rye grasses can be included in the mixture
as a temporary protective measure dntil the perennial grasses can
take over (24, 25).

Recent experiments have shcwn that grasses and legumes can be
successfully combined to provide lasting protection. Grasses
require a continuous supply of nitrogen in soluble form. This is
naturally present in organic material. On geological soils
containing little or no organic matter, the nitrogen must be supplied
by means of top dressing until such tire as the build up of humus
can supply nitrogen. The lack of nitrogen often accounts for
deterioration and disappearance of grass cover three years or so after
establishment. Legumes such as clovers, vetcher and peas can
produce nitrogen fixing nodules which convert nitrosen from the free
air in the soil into a form which is soluble. Grasses growing
adjacent to legumes can benefit from this nitrogen supply. Since
legumes take about two or three years to provide complete cover, it
is essential to sow them with grass. Experience in Virginia has
proved that crown vetch (Coronilla Varia) when sown with Lovegrass
(Egrarostic curvula) and Bermuda grass can produce very good
protection with the legumes gradually taking over from the grass (26).
Seeding and establishing legumes in deteriorating grass sods appears
to be an excellent way of stopping further erosion and providing
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TABLE 1 (After Richardson et al 1970)

Average Annual Rainfall, Runoff, and Erosion from Roadbanks
with no cover and with vegetation, from 1965 to 1967.

Plot Description (All on Cecil Subsoil)

Plot Runoff Erodible Total Runbff Sediment
Exposure area Area Slope Cover Rainfall (n) yield

(ha) (ha) (mm) t/ha

1 Northern 0.064 0.033 1 in 1.4 None 1344 293 338

2 Southern 0.109 0.070 1 in 1.25 None 1344 282 278

3 Northern 0.084 0.019 1 in 2.5 Crown Vetch-& 1353 210 9.9
Abruzzi Ryi-

4 Southern 0.121 0.009 1 in 3.3 Sericea Lespedeza 1353 109 2.6
& Lovegrass

5 Northern 0.072 0.008 1 in 1 Kentucky Fescue 1353 116 6.O

6 Southern 0.093 0.012 1 in 1.1 Pensacola Bahia Grass 1353 141 5.0
& 3ermuda Grass
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Table 2 Table 3 3
(After Turelle 1973) (After Wischmeier & Meyer 1973)

Effect of Straw Mulch Rate on Erosion Influence of Several Mulch Types and Rates
Rate and Runoff Velocity on Soil Loss from I in 5 Construction Side-

Slope. (Rain Intensity 63 mm/h, Total 127 mm,

Mulch Runoff Slope Length 10.7 m)
Rate of Soil Loss Velocity
Appl-!ation (t/ha) (mIs)
(t/ha) Treatment Quantity Soil Loss

0 62.3 0.139 No Mulch 88.7 t/ha

0.56 20.1 0.071 Woodchips 4.5 t/ha 60.7 "

1.12 19.4 0.069 Stone 34 " 57.4 "

2.24 11.5 0.056 Gravel 157 " 32.9 "

4.48 2.5 - Straw 5 " 27.1 "

8.96 1.5 Stone 134 " 25.5 "

Woodchips 9 19.0
Woodchips 16 " 12.3 "

Stone 302 " 7.8 "

Stone 538 & 840 t/ha C 4.5 "

Woodchips 27 & 56 t/ha < 4.5

CDx

CA)
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permanent effective cover on slopes. Other perennial legumes which
have been successfully tried out in the U.S.A. are flat pea (Lathyrus
sylvestris L) (27) and Sericea lespedeza (Lespedeza cuneata)(26).

17. EFFECTIVENESS OF GRASS COVER

It may be difficult to predict soil losses from construction
sites but what is not difficult to appreciate is the dramatic effect
of grass cover in reducing erosion. Barnet et al (28) measured 62
percent runoff and soil losses of 160 m3/ha from a single storm of
69 mm of intensive rainfall on a bare I in 2.5 highway cut.
Richardson et al (29) reported the results of measurements of 5 year
average sediment yields from bare roadside slopes and slopes having
a full vegetative cover in the U.S.A. The bare slopes yielded
between 174 and 524 t/ha/year. After a vegetative cover was
established and ditches lined, the sediment yield was reduced to an
average of less than 11 t/ha/year. Table 1 sunnarises some
measurements which they took on 5 experimental sloping plots on the
same soil over a three year period and illustrates how a fully
developed cover can reduce both runoff and sediment yield.

18. PROVIDING INSTANT COVER

Mulching may be necessary for establishing vegetation on
geological soil of construction sites. Not only does it protect
soil, seed, and fertiliser from erosion, but affects the microclimate
and moisture conditions for the benefit of germination. Considerable
research has shown how effective mulches tan be in reducing erosion.
Table 2 (30) summarises the results of soil loss measurements on a
plot of Fox loam on an unploughed 15 percent slope 10.7 m long.

Table 3 shows the results of a study of stone and wood-chip
mulches for erosion control on construction sites. This experiment
was carried ojt on a 20 percent slopc on Wingate subsoil (3).
Surface mulchis of crushed rock, gravel and wood-chips showed great
potential for erosion control on short denuded slopes.

In areas wi,ere either drought or a highly acid soil makes it
difficult to maintain a vegetative cover on erodible soils, it may
be economic to spread rock waste cttained from cuttings over batter
surfaces. An example of this is on the Sydney - Newcastle
Expressway in Australia where sandstone was packed on to a batter
to afford protection (8). Another is the covering of steep slopes

of the Tahola highway near Seattle, U.S.A. with pit-run 50 mm minus
screen gravel (31),

In North America wood-chip mulches are commonly used. Woody

vegetation salvaged from the road reserve during initial site
clearance is converted into wood chips by a special chipping machine
(16, 7). Thic is often mixed with nitrogen rich fertiliser together
with the seed and sprayed on to the slopes using a hydroseeder which
permits the mix to be applied up to about 60 m away (7, 8, 32).
This technique is particularly suitable for treating steep slopes

which cannot be transversed by conventional seeding equipment.
Such equipment may not be available in a developing country but in
Western Australia use is made of ordinary disc ploughs to chop up
vegetation other than trees into mulch for mixing with topsoil prior
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to spreading it (8).

flay and straw mulches are commonly and effectively used but
other vegetation such as crushed corncobs, sugar-beet pulp, cocoa
or peanut hulls which may be available locally can be used.

All these vegetable mulches are liable to be blown or washed
aay and are really only effective if tacked down to the slope in
some way. The most common tacking technique is to spray the
previously spread mulch with a slow breaking anionic bitumen emulsion.
This technique was successfully used over large areas by the Snowy
Mountains Authority in Australia, (8) and is now being used
experimentally in Madagascar (33). Vhen a mulch blower machine is
used to spray on the mulch a conbined mix of mulch, fertiliser, seed
and bitumen emulsion can be applied in one operation. Further
information on these techniques may be found in references 7, 15,
25, 34, 35 and 36.

Other chemical soil stabilisers discussed by Chittenden (36)
Jaaback (15) and others (38) will not be discussed here as their
use would be exceptional in developing countries.

Temporary protection of limited and critical areas of highly
erodible soil may be provided by coverings (7,35) of burlap or jute112 matting (25), plastic fabric netting (15), glass fibre blankets (37),

Excelcior mats (35) reed or straw mats or hay held down by wire or
plastic netting (8).

19. DESIG; k;D PROTECTION OF ROADSIDE DITCHES

On gravel roads the road foundation is often formed by cutting
soil out of the side ditches and blading it by grader into the centre
of the road thus raising the subgrade above the surrounding land.
The ditches are formed with a slope of about 1 in 4 or 5 from the
shoulder to the invert forming an asymmetrical V shape with the outer
slope of the ditch cut at about 1 in I as shown in Figure 7. This
simple shape is the easiest to maintain by grader but the ditch may
be susceptible to gully erosion by high velocity flow of storm water
if care is not taken to divert water from the side ditch into contour
drains cut at intervals along the ditch. The permissible maximum
flow velocity Vc depends on tne hydraulic erodibility (as opposed to
slope erodibility) of the soil. Several authorities have
published empirical values for Vc relating t1,qm to soil texture (11,
18, 24) although it must be added that the c eginal sources of their
information is not clear. Kinori (24) quotes values published by
Fortier and Scobey together with values tabulated by Russian
investigators who more precisely attempted to relate Vc to particle
size. The author has prepared Table 4 by drawing on data from both
sources which do appear to bp in broad agreement.

The spacinp of the contour drain outlets may be determined by
applying Mannings formula to the assumed cross-section of a ditch
and the Rationai runoff formula to calculate flow into the ditch
from the catchment area which includes the plan area of half the
road formation, one shoulder and cutting side slope and the ditch
itself (18). One simply calculates the critical length of ditch at
the end of which the flow velocity reaches the permissible value
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TABLE 4

Permissible lean Flow Velocities for High and
Infrequent Discharges of Short Duration

50 Percentile Permissible Mean

Type of Soil size Velocity
(mm) M/s

Fine Silt Varies 0.25 to 0.8

Sandy Clay of density < 1.2 t/m
2  

- 0.4
Coarse Silt, Fine Sand G.05

Fine Sand (Non Colloidal) 0.25 0.6

Sandy Loam (Non Colloidal) - 0.7

Sandy clay of medium density -

Silty loam 0.8

Medium sand 1.0

Dense Clay - 1.0

Volcanic Ash

Coarse Sand 2.5 113

Stiff Clay
Graded Loam to Cobbles - 1.5
Alluvial Silt (Colloidal)

Graded Silt to Cobbles (Colloidal) - 1.6

Gravel (Medium to Fine) 5.0 1.1

Gravel (Coarse to icdium) 10 1.4

Coarse Gravel and Cobbles 25 1.9

Cobbles 40 2.4

Cobbles 100 3.6
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TABLE 5

Permissible Velocities in Vegetated Channels

Permissible Velocities M/s
Z Slope of

Vegetation Drain

In Stable Soils In Erodible Soils

Bermuda Grass O - 52 2.4 1.8

(Cynodon Dactylon) 5 - 10 2.1 1.5

Buffalo Grass 0 - 5 2.1 1.5

(Buchloe Dactyloides) 5 - 10 1.8 1.2

114 Note: According to Turner (18) Kikuyu Grass (Pennisetum Clandestinum)
affords even more protection than Crouch but Cocksfoot (Dactylis
Glomerata)can tolerate velocities only half those of Crouch.
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(for the soil forming the invert). Figure 8 shows a chart
which has been prepared for use in Zambia taking account of
the rainfall-conditions in that country.

Blet (39) also produced a design chart for rapidly
determining this critical length using equations derived

by Jeuffroy and Prunieras (40) who took account of the fact
that because runoff is flowing into the ditch along its
entire length, the quantity of water flowing in the ditch
increases as the exit point is approached.

On gravel roads a proportion of the gravel forming
the running course is lost annually due to ravelling by

traffic. Much of it is thrown into the ditch from which it
is recovered by the grader maintaining the road reserve. It
is not practical therefore to encourage the growth of
vegetation on the shoulders and in the ditch because it will

simply be removed during maintenance.

On improved roads having a bituminous surfacing, however,

it is good practice to encourage controlled growth of selected
grasses in ditches and on shoulders. Vegetative cover
significantly increases resistance to scour depending on its 115
nature, Tumer (18) quotes a permissible velocity for a
Bermuda grass cover of 2.1 to 2.7 m. Kinori (24) however
quotes lower permissible velocities which depend on the soil,

the vegetation type and the channel slope. Some of these are
quoted in Table 5.

The hydraulic characteristics of a ditch are affected by
the presence of vegetation and ?Lanning's roughness coefficient
is dependent on the type of vegetation, its height and the
product of mean velocity and hydraulic radius (24). Thus,
design should take account of the likely standard of maintenance

by mowing or herbicides, making allowance for possible
impedance of flow by the vegetation.

A steep sided V-shaped ditch is prone to erosinn of the
sides and siltation of the invert, is hydraulically unstable
and not very efficient, and is not to be recommended except

where for economic reasons it may be necessary to restrict the
width of the road reserve, as may be the case in deep cuttings.

To reduce subsequent maintenance costs it will often be
cheapest to use a fully lined rectangular ditch in a deep cutting.
Where an earth ditch is used in a long cutting, one can calculate
the critical length of the drain at which the permissible flow
velocity is reached (as indicated above) and then allow for
provision of a lined ditch beyond that.

In open rolling country, a trapezoidal ditch with a wide

bottom is hydraulically stable and efficient. It permits
greater infiltration of collected water in the soil and when

covered with grass, it may easily be mown.
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In order to avoid having to line ditcheo3, it is often
sufficient to insert simple and small drop structures such as
the bolster shown in Figure 9 which is commonly used in
Rhodesia. Such drop structures permit the gradients of ditches
a,-d hence the flow velocities in them to be controlled. They
do i:owever make mowing grass in the ditches more difficult.

20. PROTECTION OF SHOULDERS FROM RAIN AND TRAFFIC EROSION

It is usual to provide shoulders onto which vehicles may
come to rest clear of the traffic lane. These should be capable
of occasionally supporting the weight of the heaviest vehicles
yet be constructed at a cost lower than that of the pavement.
i. common problem causing deterioration of the shoulders is gulley
erosion due to runoff from the pavement as well as ravelling due
to traffic running on the shoulders.

Some highvay authorities apply surface dressing to the
shoulders to provide protection. Unfortunately it is often
difficult for the driver to distinguish between pavement and
shoulder. The result is that many vehicles tend to run on the
edge of the pavement or on the shoulder which quickly results in
damage by edge breaking of the pavement and potholing. Examples

116 of this are to be found on the highway between Abidjan and Buak6
in the Ivory Coast where the most common repair is patching and
strengthening of the pavement edge. This tendency for vehicles
to run frequently onto the shoulders has been overcome to some
extent in Rhodesia where as an experiment, shoulder dressing was
made a contrasting colour.

On roads where the shoulders are unsurfaced perhaps the
most effective way of protecting the edge of the surfaced base
is to extend the base at .leat 500 nm beyond the edge of the
surfacing and when applying a prime coat to impregnate at least
300 mm beyond the edge of the proposed surfacing. Protection
of the shoulders may most often be provided by grass which can
tolerate trafficking as well as water erosion. The presence of
the grass also deters drivers from running their vehicles too
close to the edge of the road.
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Protecting Steel) Construction Slopes
Against Water Erosion
N. P. SWANSON, A. R. DEDRICK, and A. E. DUDECK

Respectively, Research Agricultural Engineer and Agricultural Engineer, USDA,
and Assistant Professor of Horticulture and Forestry, University of Nebraska

Mulching practices on a roadside cut (3:1 slope) were evaluated with
respect to controllin[, soil erosion and minimizing grass seed and
fertilizer loss prior to grass establishment. A field plot rainfall
simulator and a device to introduce additional surface flow over a
test plot were used to evaluate the mulching practices. Measure-
ments of soil erosion and grass seed and fertilizer losses were made
from runoff samples taken through a series of simulated rainstorms.
The effectiveness in protecting soil surfaces against water erosion
was determined for 13 mulches. The best protection was provided by
mulches of jute netting, wood excelsior mat, prairie hay (1 toil/acre)
and fiberglass (1,000 lb acre) anchored with asphalt emulsion (150
gal., acre). The least effective mulches were the latex (150 galiacre)
and a kralt paper netting. Ancho ring a material with asphalt emul-
sion proivided increased adherence to the soil surface and was gen-
erally oineticial.

*TEMIPORARY stad lization of it disturbed soil surface until vegetation can become
established is I continuing pr blem for state highway departments, the Department of 127
Defense and other public age nci(s. Stabilizing the backslopes ot dams and the side
slopes of A attrwavs and spilllways are similar problens for soil conservationists. The
advantage s of ht)hdint- the grass seed and soil in place until adequate cover has been es-
tablished are appalrInt. In miany instances, erosion nay cause greater maintenance
costs nt a construction slope than the initial cost of smoothing, mulching, and seeding.

Coiventitilial equiplmlent (. an be used on slopes flatter than 4:1 for seeding, mulching
and mulch anch iag.. Steeper slopes pose special problems in t; -application of mulches
and the establishment of vegetation. Research on mulching materials used to prevent
water erosion on a 6-percent slopC has been conducted, using simulated rainfall, since
1962 at Lincoin, Nebr'iska (3). During the summer of 1965, a rotating-boom rainfall
sillItlator (2) was used to evaluate the eflfectiveness of 13 selected miulches for con-
trolling the hos.,es of soil, seed, and fertilizer on a 3:1 roadside backslope.

MATERIALS AND METHODS

This study was conducted on a Wymnore silty clay loam at a site located about 3 miles
south of Firth, Nebraska, along State Spur 341. A roadside cut was shaped to approxi-
inately a 3:1 slope. The surface was quite noist at the time of shaping and hardened
upon drying. A miechanical analysis of a composite sample from the cut soil surface
analyzed 9 percent sand, 59 lercent silt and 32 percent clay.

Twenty-six ploits, each 10 x 20 ft, provided test plots for two replicates of 13 mulch
treatments. Thes e treatments, alon, with rates and iethods of application, are given
in Table. 1. After application of the mulch, each plot was covered with plastic for pro-
tection against natural rainfall until simulated rainstorms could be applied.

Paper sponsored by Committee on Roadside Development and presented at the 46th Annual Meeting.
46
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TABLE I

MULCH TREATMENTS STUDIED

Mulch Treatment Description and Method of Application Application Ratea

Wood cellulose Wood celluluse fiber applied hydraulically
as a water slurry 1000 lb

Fiberglass Continuous filaments of fiberglass applied
with compressed air 1000 lb

Asphalt emulsion Emulsifiable asphalt diluted 1:1 with water
and sprinkled on plot 1200 gal

Latex Emulsifiable material diluted 1:6 with
water and sprayed on plot 150 gal

Wood cellulose and Wood cellulose fiber anchored with 1:5 1000 lb with
asphalt emulsion asphalt emulsion 150 gal

Fiberglass and asphalt Fiberglass anchored with 1:5 asphalt 1000 lb with
emulsion emulsion 150 gal

Prairie hay and asphalt Prairie hayb anchored with 1:5 asphalt 1 ton with
emulsioln emulsion 150 gal

Woodchips and asphalt Pine woodchips from a portable chipper 6 tons with
emulsion anchored with 1:5 asphalt emulsion 150 gal

Corncobs and asphalt Ground corncobs slightly larger than , in.
emulsion in diameter anchored with 1:5 asphalt 5 tons with

emulsion 150 gal
Prairie hay and wide- Prairie hay anchored with tightly twisted

weave pal)er netting kraft netting with a 2 x 0. 5 yarn count 1 ton
Wood excelsior mat High-grade wood excelsior covered on both

128 sides with a strong, large-mesh, kraft
netting

Jute netting Heavy woven jute matting with a 1.6 x 1. 1
yarn count

aPer acre; undiluted volume applied in the case of liquids.
bAverage composition or the prairie hay was 74 percent bluestem, 23 perzent switchgross and miscel-

laneous grasses and weeds.

Four "storms" were applied to pairs of test plots as follows:

Storm Duration (hr) Intensity (in./hr)

1 1.4 2.5
2 1.0 2.5
3 0.3 5.0
4 0.8 2. 5 plus intro-

duced surface
flow

The second storm was applied 18 to 20 hr after Storm 1, and Storm 3 immediately fol-
lowed Storm 2. The fourth storm included three successive increases of introduced
surface flow over the plots. Each increase in surface flow was held constant for 0. 2 hr
after the first 0. 2 hr of simulated rainfall.

The surface flows were introduced across the upper edge of a plot through a pipe with
holes on the upslope side. The energy of the water jets is dissipated against a curved
metal shield from which the water ran onto the plot. The rate of water addition was
controlled by a valve and measured through a meter.

Runoff samplers designed by Meyer and further reported by Hermsmeier (I) were
used in this study. A nearly continuous sample of the runoff with its sedimenT-load was
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obtained by taking stuceessive samples over 6-min intervals throughout a test. A water-
stage recorder provided a hydrug raph of the runoff.

Grass seed and fertilizer were applied prior to mulchiig. Smooth bromegrass (Brornus
inermis Leyss.) seed was applied at a rate of 120 seeds per sq ft. The seed was auto-
claved to prevent germ inatin uil tht. plots or after collection in the runoff samples. The
gra seeds in the f rac'tiol 1 runift samp1] eVs were couLnted to det-rmine the total number
of sceds rent jved by tie water. runoff for a given sltori.

Pho)sphoruS wias applie'd tol each plot at th rate of 83 lb acre in the form of treble
superphosphati . The animount of phoisphorus, both in the soil and in the water of each
runoff saimple, was devternl d.

RESULTS AND DISCUSSION

Soil Elosio n

Thein mulch(e., varied widely in the degree of erosion protection provided. A maximum
soil loss of 16. 5 tons acre was measured from a 5-in. 'hr storm of 18 min duration on
p)l(ls treated with the, latex. The results from each mulch trt.atlnent. given in Table 2,
ar, exjressed III tllis of* it a relative ei'o.sioi value that indicates the effectiveness of a
particular mulch in preventing erosion iii comparison to the jute, netting. The relative
erosion val T are weighted averages (weighted with respect to the amount of erosion
fo )r a particular storm) for three simulated rainstorms.

The mulh iiiaterials c'ali ni groUped into four' distin('t Matiritsl such as
ti( Jut( rttin '.'Id excelsior mat, and filer'glass alnchored with asphalt em1ulsion
providtd excellnt pif)tecti,) igainst water ero..ion. Th( anount of erosion was reduced
by ;abou't 9) orce it' inI(pari-d to the soil loss from pots nitlclie] with the latex.
G o(id potecti.)n alisi Wt '-ati ioi , xas pr(ivided by woudhips, prairie hay or corn-
co s airch',red vith asphalt 'IIILII.1I)II. tit! fio ni aSph;lt emiulsion alone. Soil erosion in 129
thiL group was rt-du ed h\ 85 to, 90 percent when compared t the lat.:x treatment. Wood
C(lIUI,i.', kl'atlt panr r .. and thi. latex pri(vided unsatisfactory protection.

TABLE 2

MULCH TEATMENTS RANKED ACCORDING TO
RE.ATIVE Ei - I CTIVI - N - SS AGAINST SOIL EROSION

Relative F .rosioil
Mulch Treatinit (No. of tinl.s the erosion

from jute-net niulch)

Jute niettinig 1.0i
Wood excelsior mat 1. 1
Fiberglass and asplihalt emulsion 1.4
Wodchip s and aspIhalt eniuIsi( i 2. 3
Prairie hay and a.phalt emllulsion 2. 5
Asphalt (.nulsion 2.5
Corncofjs and asphalt emulsion 4. 5
Prairie hay and wide-weave

paper IlettiliW 7.9
Fiberg la-s 7.9
Wood Icellulo se and a..phalt emulsion 8. 5
Wood ( 'llulosi 12.9
Kraft pap r netti!w 20. 7
Latex 25.4

OA eriJ'vo; t ire, ', eJ raiinstorms replicated t'ice for each mulch

te tmen' .
tfctmnvft used for comparison purpose,,.
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Figure 1. Rates of erosion as related to runoff (or various mulch treatments.

TABLE 3

MULCH TREATMENTS RANKED ACCORDING TO SEED LOSS FROM RUNOFF PLOTS

Number of Grass Seeds Losta
Mulch Treatment

Storm I Storm 2 Storm 3 Total

Jute netting 0 a 0 a 0 a 0 a
Wood excelsior mat 0 a 17 a 0 a 17 a
Prairie hay and asphalt emulsion 0 a 0 a 32 abc 32 a
Fiherglass and asphalt emulsion 17 a 0 a 38 abc 55 a
Fiberglass 72 a 0 a 0 a 72 a
Asphalt emulsion 80 a 16 a 24 ab 120 a
Woodchips and asphalt emulsion 142 a 6 a 143 abc 291 ab
Corncobs and asphalt emulsion 250 ab 127 ab 127 abc 504 abc
Wood cellulose and asphalt emulsion 394 abc 115 ab 88 abc 597 abc
Wood cellulose 355 abc 237 bc 219 'c 811 bcd
Prairi(. hay ,nd wide-weave paper netting 665 bc 124 ait 194 bc 983 cd
Kraft paper netting 676 bc 238 bc 202 bc 1116 cd
Litex 762 c 355 c 169 abc 1286 d

aSeed losses followied hy same letter are not significantly different (59a level).
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The use of increased surface flows it addition to the simulated rainfall provided morediStinguishil, i difhl'renC.es between the mulch treatments (Fig. 1). Accelerated erosionIesulted when soil]e of the iIIulh'i treatments failed under increased surface flow (latex,krlt pape r nettig. wot d cel luluse, and fiberglass), but nearly stable conditions per-si~sted w.itlt otlhel's (i berlass anchorued witli asphalt emulsion, wood excelsior mat, andjute liettill"'). SomeW M uhcih materials provided relatively better protection than othersas tt. ,w lte.s increased. The fiberglass anchored with asphalt emulsion became
rellitiY v nure eflective thall the jute netting with increased runoff.

Gras.Sr (I Lous
01 tht. 24,000 I i' tin egrass seeds on each plot, a maxiInII.1n of 2,186 were lost fromthe pI trs iatcd with the latex. No obs'rved losses occurred from a plot mulched withJtle Ot'tinlog d.riltlL a series of three simulated rainstorms (Table 3). The maximun

i1uni1)(.r (d grass seeds removed from the test plots accounted for only about 5 percentol I tle orn lier applied, which would still pertnit establishment of adequate grass stands.Iitkv \('i, iss seed(, leed iit be removed from the test plot to cause inadequate grassstalld.-,. St' ids llY he washed f ron some areas intn ocicentrations, causing spotted grass

TAB LE 4
MULCH TREATMENTS RANKED ACCORDING TO PHOSPHORUS LOSS FROM

RUNOFF PLOTS

Mulh] Treatalt Storm 1 Storm 2 Storm 3 Total
131

(a) Phosphilrus iss in Soil Renoved From Plot Surface (lb.'acre) a

Jute liteniIII- 0. 2 a 0. 1 a 0. 1 a 0.4 aWood txc(. l( l, Illit 0.2 it 0. 1 a 0.2 at 0. 5 a
F'ilb('rlaSs Old a. hAlt eniulsi0tn 0.1 it 0. 1 a 0.3 all 0.5 a\',d(ctihlls anld asphalt ('totul1sill 0.3 a 0. 1 a 0. 2 a 0.6 a
Pra-iri- ha1V Mlid a,phalt etnulsiori 0.3 a 0.2 a 0.2 at) 0.7 aAsphalt 4'nilMS, II 0.2 a 0.2 a 0.3 ah1) 0.7 aCittIrCm-s ald asphallt ('nlui.sioll 0. 5 a 0.4 a 0.3 ai1 1.2 aW,,d telul d a sphalt i ,n-11M510l 0.9 a 0. 5 a 0.2 at) 1.6 aW,(d c.0ll , 1.0a 0.6 a 0.6 all 2.2 aF'llt'l lass 0. 8 a 1.0 :ib 0.9 b 2.7 a
PI'li'(i Ii', 1 1il] ,ide-w(' ayvii(. tp iettirn g.' I. 7 a 1. 1 ab 0.7 ati 3. 5 aLatlcx 4.2 b 1.9 be 1.7 c 7.8 b
Kraft paper netting 6.9 c 2.2 c 2.2 c 11.3 c

(h) Phosphorus Loss ill Runoff Water (Ult, acre) a

YFlh ' la,, s 0.7 a 0.6 a 0.4 alt 1.7 aialtex 1.0 a 1) 0. 5 a 0.2 at 1.7 aAsphalt ezio lsion 1.0 at) 0. 5 a 0.4 a1) 1.9 abW pur i t'lus 0. 8 a 0. 8 a 0.4 ah 2.0 a)Jilt(' itttlli. 0.9 a O.8 a 0.4 at) 2.1 ab
Plriri,, hay aol asphalt (lnulsitlt 1. 1 abc 0.7 a 0. 3 at 2. 1 abWooI excel.sior trat 1.0 ab 0. 9 a 0.4 at 2.3 abKraft paper twttii,:, 1.2 abc 0. 7 t 0.4 al 2.3 at)Falr l ls and a.ph Itt emulsion I. 4 abc 0. 8 it 0. : ab 2. 5 abWttd (elll ('St alid asphalt (tiull i) 1. 6 li" 0. 6 a 0. 3 at 2. 5 ltiCotrlic.t1s anl asphalt til,tlsioll I. .1 alre 1. 0 a 0.4 ir) 2. 7 ab
Prailll hay and '.vitit-wel pia r nittinig 1. 8 c 0. 7 a 0. 3 atb 2.8 abWo(lchips alnd asphalt einlrllsion I. 7 c 0. 8 a 0.4 ab 2.9 b

Ic P)I ~~r~I .,o rne letter rot ,in;fi¢c t l, dffefre t (5 level).
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stands. Also, if the seed and soil are moved by runoff (inadequate mulch), much of tile
grass seed will be covered !'oo deeplY to gerninate.

Few bromegrass seeds were lost in the runoff from plots mulched with jute netting.
wood excelsior. prairie hay and fiberglass anchored with asphdIlt emulsion, fiberglass,
and asphalt em ulsion alone. Conversely, the latex, kraft paper netting, prairie hay
anchored with wide.-weave nesh netting, and wood cellulose -. d not control the move-
nent and loss of g rass seeds frotm the plot surface. Mulch materials that provided
adquate I rott tiol against soil loss likewise prevented movement of the grass seed.

Phosphurus Loss

A relatively wide range Of )hosphorus losses was measured in the eroded soil re-
moved front the mulch test plots (Table 4). Since these losses are dependent on the
arnunt of soil loss under the various mulch materials, the results obtained are similar
to tho-,e for soil loss. Mulches of jute netting, wood excelsior, and fiberglass anchored
with asphalt enulsiion permitted the least phosl)horus loss in the eroded soil; however,
the values are not significantly less than those for most of tile other mulches. The plots
covered with kraft paper ietting indicated significantly greater losses than those plots
mulched with latcx atd, in turn, thuese two materials permitted significantly higher
phospho)rus l.sset' than all other mulch materials.

After thc first storm, phosphorus losses in the runoff water were relatively constant
for the various mulch materials (Table 4) with no significant differences measured.
Only the losses occurring in the runoff from the first 3.5 in. of water applied appeared
to be deptendent on the nulch material.

The average phosphlorus lost in the eroded soil for all three storms was 2.6 lb/acre,
and that lost in the runoff water was 2.2 lb acre. Tile total l)hosphorus loss ranged

132 fron 13.6 lb acre (16.5 percent lost) for plots mulched with kraft paper netting to 2.5
lb acre (3 percent lost) for jute netting-nulched plots. Such losses are relatively small
ill colliparisonl to tile total amount (83 Ib/ acre) applied. Adequate amounts of available
phosphorus should still remain on the plots under most of these nulches. It is possible,
however, that the phosphorus fertilizer was moved and concentrated in areas onl the
plots with iore crouton.

SUMMARY

Simulated rainstorms of 2.5 and 5.0 in.hir were applied to plots located on a 3:1
roadside hackslope and mulched with various materials. The plots were uniformly
seeded with brutiegrass and irtilized with phosphorus. The protection afforded against
water erosion by each mulch was evaluated by measuring soil, grass seed and phospho-
rus losses. The best protection was given by materials such as jute netting, wood ex-
celsior, and prairie hay (1 tout.a,-r,') or fiberglass (1000 lb, acre) anchored with asphalt
emnulsion (150 gal acre). The least effective mulches were latex (150 gal.acre) and
kraft paper netting.

The most effective mulches were those providing both protection f rom raindrop im-
pact and adherence to tile soil surface. Anchoring a material with asphalt emulsion
provided increased adherence to the soil surface and was generally beneficial. Adher-
ence of the mulches to the soil surface increased surface detention of the runoff water
and eliminated the undercutting of the mulch material which was a serious problem with
some of the nettings.
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The Use and Control of Vegetation
on Roads and Airfields Overseas

SUMMARY

Ts PAPIER gives informatllnn, supF lied from 33 overseas territories.
on the types of vegetation oceurring at roadsides and on airfields,
the useful genera and those presenting problems to the engineer
beine briefly indicated. Rainfall, veor,mphical location, existing
control and drainmie arc believed to he the major factor.,, controlling
the ve-.etation recgine at any g1%ell site.

Vegetation is ui'seftul for prevent ing hainch, ditch and side-slope
erosion on r,:td, for priidint! running sLrf,:ces for roads and air-
fields, and for ifpros inc road safety and aimenitics. Present practice
in these ficlds is bricll rcsiewcd, and refercc is nude to tile
desirability of introducing into ovcrseas road and airfield construc-
tion improvcd techniieCs aid veg2etation species that become
available from de selopinents in other countries or in related fields
of research. 135

The uncoitrolled gr %th .)f vegetatio)n can disrupt road and
airfield pavements, reduce viibility and increase fire hazard on
roids, an,' provide a reservoir for the reinfcstation by weeds of
adja,oE' cl'in agricultural land. Nelthods of controllinil vegetation
include cutting h% hand or by machine, and burning or :,.razing.
The costs of control in a ltlllhCr )f o ser,caw, territories are reported.
Recently, interest has developed in the increasing number of
chemical treatments th,,t are bccoming available. Experiments with
these in different overseas territories are briefly described.

I N T R O D[' ('I O 0 N

M ANY engineers overscas are continullv engaged in combating the tendency
of veictation to interfere with driinayo, to encroach (in road pavements or to
obscure the vii lo of dri er'. Others, in drier areas, are glad to employ vegeta-
tion to pre' Cnt C'rosion1 anl a, ai stLrfacine on grass airfields. At the Round
Ta ble ConferencC Oil Over,,es! I liehwa ys Probluens in London in 1958,1 ' ' interest
was expressed, in the problem, arisinil. in the encourapemcnt and control of
vevetition in or near roads, and the ('onimittee for Colonial Road Research
subscu11int l\ rcconicndeJ that the Road Research Laboratory should examine
tile possibilitics of chemical control of roadside vegetation, in collaboration
with road authorities overseas. Later in the same year. the problerns of soil
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erosion arising in connexion with roads in Africa were noted at the C.C.T.A.
Conference of Road Specialists at Lorenqo Marques,' -'2 and methods of using
vegetation to prevent it were recorded.

To collect relevant infornation, a circular letter was sent in August, 1958,
to the Public Works organizations in all the major British overseas territories,
asking for data under the following headings:

(1) The methods of roadside maintenance used, and the ranges of cost per
mile per year.

(2) The t\pcs of vegetation normally encountered in ditches and on side-
slopes and shoulders.

(3) The types of plant that are particularly useful in controlling soil erosion.
(4) The types of plant that present problems because of a rank habit of

growth.
Vt) obtain any informtion available from departments other than those

dealing with public works. at savingranm in similar terms was later sent by the
Secretary of State for the Colonies to Officers Administering Government in
British overseas territories.

Replies were received from the 55 sources in 33 territories, listed in
Appendix 1. The present paper reviews the main types of vegetation reported
to occur on roads and airficlds overseas, and notes the use of certain genera
for controlling soil erosion, Prohlems arising with vegetation are then listed,
and the methtxls of control at present in use are described, and average costs
are quoted. It is felt in many quarters that control 1y chemicals offers

136 advantages in cconomy a ml convenience compared with manual or mechanical
methods, and reference is therefore made to the experiments in this field that
have already been initiated in a number of territories.

VEGETATION ENCOU'NTERI-'D ON ROADS
AND AIR-IELDS

Vegetation encountered on roads and airflields is listed, by region and territory,
in Table I. which for Simplicity, gives only the genera concerned. Where a
genus includes species having a wide range of habit, however, the species
nanie is also given. Appendix 2 gives the local English names of nany of the
different species. In Table I the genera are divided into grasses. herbs and
shrubs, and woody species, a grouping that is of assistance in considering their
susceptibility to chemical control.

The main factors appearing to affect the distribution of vegetation at road-
sidc~s arc rainfall, geographical location, existing control and drainage.

2
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Tab/hc 1 CD
V'egetatio n :,'cnera (Ac-urrinrt! at roa(dsi(Ie. oiicrseaa a-

Region Territory Rainfall Location Vegetation t. pc Genera C

East. Kenya All areas (irasses C) nodon. Pcnni.tum 3Central and I let's Tacetes, RiCtIusSouthern I.. I CDcs Vacia
Africa 40 50 Rift Vallcv lei bs Abutilon, Convza. (rotalaria, Cynoglossum. Erigeron, Gomphocar-

pu., Hibiscus. Indigofera, Leonotis, Phvsalis, Sonchus, Solanum,
\ cronia, \\ iihania

Sh nbs I :1 an a, SolantrinUganda 40 55 All areas Gras'es (\'nodon. l)igitaria. Pennisetum. Paspalum
Ile:bs & shrub% Acanthus, LantanaTanganvika 20 60 .. Cirasses ("nodon. (h!oris, tvparrhenia. Panicum, Uro-chloa

Lan, ibar . Grasses PresentSouthern Rhodesia 33 .. Grasses C.snodon. Eleusine. Echinochloa. Fragrostis. Hyparrhenia, Hetero-
. rasses pgon, Rhynchelytrum, Sorghum. Sporobolus. UrochloaNyasaland 35 100 .. * Grasses ('.nodon, Hltparrhenia

British Somaliland 10 20 Grasses Present
Herbs Indigofera
Trees AcaciaBasutoland 25 35 Lowlands Grasses Themada

25 SO Highlands Grasses Festuca
West Northern Nigeria 35 All areas Grasses Annual and perennial species present
Africa .. .. Herbs & shrubs Annual and low-growing perennial species present

Trees PresentEastern Nigeria 100 Grasses Andropogon, Digitaria, Imperata, Panicum. Paspalum, Pennisetum0
Setaria

Herbs Aspilia, Aframomum. Commelina, Costus, Caladium, Cuscuta.
Cyperus
Dissotis, Eupatorium, Emilia, Desmodium, Gloriosa, Ipomoea,
Urena, Sida

... *. Shrubs Cassia, Mimosa, Schrankia
Trees Acacia

Sierra Leone 73-130 Orchard bush i Grasses Present
Savannah Grasses Present
Secondary forest lJfGrasses Present
Farm bush f: I Herbs Annual and perennial dicotyledonous weeds

West Barbados 50 All areas Grasses Annual-Cenchrus. Chloris. Digitaria, EleusineIndies . .,*Grasses Perennial-Cynodon, Paspalum, Panicum
.. ..___ _Herbs Amaranthus. Chamaccrista, Cyperus. Commelina, Desmodium,

(Dx

r-4



f-0
0

Table I (contd1.) CD

Region Tcrritor- Rainfall Location Vegetation type Genera

West Indies Barbados (contd.) All areas I lerbs FEuphorbia, Hypoxis, ILeonitis, Leonurus, Phyllanthus, Portulaca,
(contd.. . Rhvnclho-,m Stach',tarphcta. Sida. Teramnus, Wedelia 3

Shrubs ( assia poladens. Croton. Lantana, Mimosa. Psidium
.. Trces Teconi(0

British Guiana 93 . (irases ('%nodon. laspalum. Sporobolus
I erbs llorreria. ( anna. Crotalaria, Heliotropium. Indigofera. Montri-

.haidia. Solanti janaicen, c
Shrubs (as,,ia aiaa. (iordia. laitrpha, Lantana
Trees Annona

British Honduras 50 175 Coastal areas Swamp Mangrome
Pine ridge areas Grasses .\ndropogon. Axonopus. C.nodon. Paspalum

ierbs Sedges
Border areas Grasses & herbs ItN.parrhenia. Panicum (well-drained sites). Scleria (poorly-drained

sites,
Jamaica All areas Herbs & shrubs Annual, biennial and perennial species
Leeward Islands

Antigua 44 ,. Grasses Andropogon. Axonopus, Dicanthium
British Virgin 49 .. Shrubs Leucaena

Islands .. .. Trees Acacia
Herbs Castor, Manchineel
Shrub" Cactus

Monserrat 55 .. Trees Acacia, Mangrove
Herbs Achyranthus, Commelina, Crotalaria, Cyperus, Indigofera, Mimosa

pudica
Shrubs Leucaena. Tephrosia

St. Kitts 54 ., Trees Acacia
Grasses Andropogon, and other species

i Shrubs Opuntia, Privet
Trinidad 100-120 .. . Trees Acacia

Areas trimmed Grasses Axonopus. Chloris, Cynodon. Sporobolus (dry sites). Axonopus.
more than 3 times . Paspalum (set sites). Brachiaria (waterlogged sites)
annually Herbs Desmodium. Hyptis. Mimosa pudica, Sida (dry sites), Bidens, Bor-

80-100 ,. reria, Eryngium, Peperomia Iwet sites), Sedges (waterlogged sites)
Areas trimmed 2 Grasses Axonopus, Chloris. Cynodon. Eleusine. Paspalum, Rottboellia,
to 3 times annually ,. Sporobolus (dry sites). Axonopus, Brachiaria. Paspalum (wet sites)

Herbs Alternanthera, Amaranthus, Bidens, Borreria. Emilia, Euphorbia,
Jussiaca. Desmodium. Mimosa pudica, Pluchea. Pseudo-elephantopus,
Seneciodes, Stachytarpheta, Sida (dry sites), Cyperus, Dichromena,
Eclipta. Erngium, Peperomia (wet sites)

CDX
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Tahle I (c ,ntd.) CD
Reion Territory Rainfall Locat ion \'ecta'lon tpe Gencra CL

\Vet Indic, Trinidad (convd,) (0-,0 Area, trimmed Iess, ( ra-,cs Paspa!tim. Rotboellha. Sporoboluscoitd.+ than tv,:e ar, nuia- lerb, I uphorbia. Mimosa pudica. I'luchea. Desmodiun

lWiid%%rd Islands l. Shrubs I lcmhirea. hxora. I eucaena. Psidium. Urena

Dominica 70 250 All areas Grasses ('\mbopogon. \'etteria
(Grenada 310 200 11erhs ( o einchna. Cpvrus. lpomoca

( rasses .\ sofopiiu. llam.bula. C\nodon. Panicum. Paspalum
I lerhx ('omninchra. Ctota!aria. (.t,cuta. (.pnirls.l Malvastrum, Mimosa

pudica. lb ia Rueilia
Shrubs ( orchorus. Pdilanthus
I rees Cocos .1na durnm. Gliricidia, Manvifera. Spondias. S\Aietenia.

I econa, YuccaSt. Vincent 100 Grasses Aonopus Panicum. Poacea. Veti\eria
Herbs hidens. Caesalpinia. Commelina, Crotplaria, Cyvperus. Desmodium.

Indigofera, Mimosa -pp,
Shrubs Cordia, Psidium
Trees Iabebu ia

,, Atlantic Bahamas 40-60 All areas All tpes Acacia choriophs Ila. Ambrosia paniculata. Chloris radiata, Coccolabis
Ocean laurifolia, ynodon dactlIon. l)uranta repens, Leucaena glauca.

l'arthenium h~sLcrophorous, Paspalum conjugatum. Pteris caudata.
Spor obolus doningcnsis, St lolhanthes hamata. Torrubia obtusata.
[ribultis cistoides

Bermuda 58 .. .. Grasses (0,nodon. Panicum
Herbs Iidens. Fuphorbia. Sonchus. Foeniculum

Indian Aden 0-8 .. , None
Ocean Mauritius 5) Shoulders Grasses Chloris. Eleusine, Eragrostis. Sporobolus

Htlerbs ioa rthenium. Portulaca. TridexDitch,'& slope% Grasses Cynodon. Panicum

H terbs Ageratum. Argemone. Bidens. Euphorbia hirta. Plantago
50-100 Shoulders Grasses Chloris. Paspalum

Herbs Appium. Blumea. Cyperus, Daucus, Euphorbia spp. Lepidium,
Senebiera

Ditches & slopes Grasses Chloris
Herbs Anagallis. Argemone. Hydrocotyle, Oxalis, Phyllanthus tenellus.

Sonchus. Solanum spp., Verbena officinalis>100 Shoulders Grasses Chloris. Elcusine. Panicum. Paspalum. Sporobolus, Setaria
Herbs Altemanthera, Kyllinga, Plantago

Ditches & slopes Grasses Ischaemum. Paspalum

CDx01
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Table 1 (contd.) CD

Region Territory Rainfall Location Vegetation type Genera

Indian NMaurius (contd.) I1) Ditches & slopes Herbs Ageratum. Bidens. (ynoglopsum. Elephantopus scaber, Kyllinga,
Ocean Lobelia. Oxalis, Phyllanthus tenellus, Verbena officinalis 3tcontd.) . . Shrubs Rubus

M.dater- Cyprus 10-12 Lo%4lands G:asses Asena. Briia. Brorus. Cynosurus. C.nodon. Hordeum. Lolium,

ranean .... I'silurus, Triticum, Ligurus
lerbs Alhagi. Anthyllis. Asphodelus, Alkanna. Anagallis, Anthernis. Car-

thamus. Centaurea, Cistus. Con'olvulus, Cynara. Echium, Erodium,
Er ngium, Ferula, Galium, Hlippocrepis, lelanthenium. Inula, Iris,

.... Lactuca, Lagoecia. Leontodon, Linu. Malka. Mandragora. Mer-
curlhs. Onopordon, lapa'.r. Plantago, Raphanus, Orithogalum.
Ranunculus, Sanguisorba spinosa. Salvia. Smapis, Statice. Taraxacum,
Teucriuni. Thesium. Th.mrus. Urginea. Valerianella, Verbascum

Shrub3 Cistus. Paliurus, Prosopis
20-40 Hills Grasses Brachypodium. BriZa. Brornus, Hordeum. Lolium. Poa

Herbs Astragalus. Medicago,. Trrtblium, Trigonella. Vicia, Ajuga, Anagallis.
Anthcmis. .Asparagus. Bellis, Brassica, Crepis, Centaurca, Epilobium.

.. hrbiago. Galium. Htelichrsum., Hpericum. Lactuca. Lithosperum.+. .. On0_-.m. Origanum. Rubia. Salvia. Smilax. Taraxacum, Tuercium,
I hyn,_-s

Shrubs Cistus. (Jenista. Rhus. Rubus. Thy-nilaca
Malta 17 All areas Grasses Poa

Herbs Chrssanthemum, Cirsium, Ecballium, Oxalis, Urtica

Far East Singapore 95 .. Grasses lmperaia
Sarawak 120-150 ., ,. Grasses A,onopus. Chrysopogon. Ischaemum. Imperata. Panicum, Paspalum
Hong Kong 85 Grasses Llcusine. Imperata, Isacine, Ischaernum, Miscanthus, Oplismenus,

Panrcum. Roitboellia
Herbs Ageratum. Bochmeria nisea, Kyllinga. Lespedeza. Malva. Tithonia

.. .. Shrubs Bridelha monoica, Ficus hirta. Solanum nigrum, Lantana, Leucaena

Western Fiji 70 .. Grasse I)rcanthumu annulatum. Dicanthium caricosum, Imperata, Panicum.
Pacific .... , enniseturn. Sorghum. Sporobolus

He.s Elephantopus mollis, %liscanthus japonicus, Stachytarpheta. Xan-
thrum. Urena, Sida

Shrubs Triumfetta
Trees Acita. C'assia

120 ... Grasses Asonopus. lrachiaria mutica. Eleusine, lschaernum, Panicum. Pas-
Herbs palum, Ageratum. Cypcrus. Cuphea. Desmodium, Eichornia. Ele-

phantopus mollis, Hyptis pectinata, Mikania, Solanum, Stachytar-
pheta. Urena (DShrubs Lantana X

I ,°



Compendium 9 Text 5

Rainfall
This is by far the most important factor, and appears to influence both the

quantity and type of vegetation. At the lower end of the scale, in arid territories
like the Aden Protectorate and British Somaliland with average annual rain-
falls below 20 in.. the vegetation cover is very sparse, often leaving the road
verges bare of grass and very susceptible to erosion. Acacia (thorn) occurs
sporadically, however.

141

E Mitconthusr joponicus C yrbopoqon nardut

Pennoitturn polfylachlon [ Ponlcum mona rnum

ElI 5cchorurn offbcinorun' Sporokiolus indicus

LIOr zo oalivo Dichanthium spp.

Brachiario mutica Heteropogon contortlu

A.unoput ipp LDothriochloo inermed

B mutca a Aionopul ipp Forest

Fig. 1(a). Distribution of major grass species on \'iti Levu, Fiji

In Swaziland two vegetation 7ones can be recognized : (i) the bushveld, with
an average annual rainfall of 25 in. or less, where sweet grasses such as
Brachiaria predominate, and (ii) the higher veld areas, with rainfalls between
25 and 45 in., where the Hyparrhenia species of grass predominate.

In Mauritius, three vegetation zones have been recognized. i.e. sub-humid,
humid and super-humid areas, with average annual rainfalls in the ranges
<50 in., 50 in. to 100 in. and >100 in. In Fiji, Parham " has noted that the
distribution of the different individual species of grass is to a certain extent
governed by rainfall (Fig. I).

7
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S,'ale of annual averoqel

1 4 2 2 0 0 ... ... 8 0 ac h , ,

7, 0 17 7 0

70 120

00 Recorded

(?0 ovcroqe,

Fig. l(b). Distribution of average annual rainfall on Viti Levu, Fiji

In Northern Nigeria, Rains ' recognizes three zones in the grasslands,
differentiated mainly by rainfall. In the Sudan zone, which includes the
provinces of Sokoto. Katsina, Kano and Bornu. the annual rainfall is of the
order of 25 in. to 30 in. Here the grass genera are: Cenchrus. Ctenium,
Schoenefeldia, Eragrostis, Pennisetum. Andropogon, Aristida and Loudetia.
The Northern Guinea zone includes the provinces of Zaria, Bauchi and
Northern Niger as well as part of llorin, the rainfall being about 45 in., and
the grasses found include Hyparrhenia. Andropogon, Cymbopogon, Imperata,
Rottboellia, Thelopogon, Pennisetum. Digitaria and Setaria. In the Southern
Guinea zone, with rainfall between 45 in. and 60 in., Pennisetum, Andropogon
and Panicurn species occur in Kabba, Niger and Benue provinces and the
remainder of Ilorin.

Geographical location

Most species of grass and many shrubs and trees, such as the 14-ft high
woody shrub Lantana, occur iu territories all over the world. Where geographi-
cal differentiation appears, however, it is on a regional or continental scale.

8
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Thus the Hyparrhenia (Elephant) grasses are characteristic of Africa. while
Imperata (Lallang) grasses are mostly found in South-East Asia.

Existing control

Hand or mechanical cutting of roadside vegetation produces a change in the
vegetation regime, and it has been observed in Mauritius and elsewhere that
on the shoulders of maintained roads perennial grasses form the dominant
species, whcreas in ditches and side-slopes a mixed flora is more common.

Drainage
In British Honduras, vegetation species are reported to be influenced by the

state of drainage, which in this connexion is taken to mean the depth to the
water-table. Thus, under the swamp conditions near Belize, mangrove vegeta-
tion is reported, whereas in higher but still poorly-drained ground sour grasses
of the Scleria species predominate. On higher, better-drained ground Panicum
(Guinea Grass) and tlyparrhenia species predominate. In Tanganyika the
sedge Cypcrus is said to prefer the poorly-drained areas. Where roads in
Southern Nigeria traverse undulating ground, grass cover on the haunches is
noticeably more extensive in the valleys where the soil is damp than on the
drier hill crests. This brings the advantage of greater protection against erosion
where it is most needed.

USES Of: VEGETATION NEAR HIGHWAYS

The following uses of vegetation can be recognized 143

(i) Prevention of haunch and ditch erosion

(a) Gravel roads
(b) Bitumen-surfaced roads

(i) Prevention of side-slope erosion

(iii) Provision of running surfaces

(a) Airfields
(b) Roads

(iv) Improvement of foundations

(v) Improvement of road safety

(a) Crash barriers
(b) Dazzle screens

(c) Relief 6f monotony

(vi) Aesthetic purposes --tourism.

Prevention of haunch and ditch erosion

Certain types of low-growing grasses can usefully be planted on the haunches
of earth, gravel and bitumen-surfaced roads (Plates I(A) and (13)) to stabilize
them against abrasion by wind or erosion by rain. Where funds are limited

9
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such planting is initially undertaken at points on the road where experience
shows erosion to be particularly severe.

Gravel roads are frequently kept in shape with a blade grader, and this
results in the periodic removal of any natural grass cover that has established
itself. Because more and more gravel roads are being provided with bituminous
surfacings this practice is being abandoned where appropriate, enabling advan-
tage to be taken of the stabilizing elfect of the grass. The greater run-off of
rainwater over the haunches, resulting from the presence of the bituminous
surfacing, makes tile erosion protection of the grass of particular value (Plates
2(A) and 2(0)). Grass spreads from verge to haunch more readily in valleys
than on crests, where roads traverse undulating country, no doubt due to the
moister soil. This is fortunate since the longitudinal scour is more violent on
the lower slopes of roads running downhill.

There is clearly scope for the selection of special strains of grass particularly
suitable for this purpose. Thus, Somaliland reports that uny vegetation would
be welcome at the roadside, and in this case the species needed would have to
be c.ipable of flourishing under arid conditions. Most of the existing cover in
this territory has been removed by overgrazing, and the species needed should
therefore have a low degree of palatability to stock. In Holg Kong grass on
the haunches is completely worn away during the dry sea.on by pedestrian
traffic, and strains more resistant to foot abrasion are needed there. In some
of the more populated and flatter areas of Nigeria, where scour is not so
severe, it is recognized that removal o- grass from a strip of the haunch serves
as a footpath or cycle track attracting pedestrian and cyc!e traffic away from

144 the pavement particularly with narrow bituminous surfacings. A 6-in. to i-fi
width of grass is, however, left immedia:ely adjacent to the bituminous surfac-
ing to protect the edge. Ungrassed strips are also used immediately adjacent to
single-carriageway bituminous surfacings in Nyasaland.

In Swaziland the vegetative cover on the surrounding ground is often in-
adequate to protect the soil from the scouring action of the discharge from the
road drains, and much general erosion is said to result from the run-off. In this
and in other dry territories it is felt that the first step towards improving the
cover is to make the ditches with a cross-section that is flat and wide rather
than narrow and deep, to reduce the speed of water flow and to permit
vegetation to be readily cut by machine.

In territories with higher rainfall the more vigorous growth can produce a
ridge that acts as a kerb at the edge of a bituminous surfacing. As a temporary
measure, mitre drains or 'grips' may then be dug through the ridge to dispose
of surface water from the road. It is more satisfactory, however, to remove the
ridge with a blade grader. This operation is made easier if the shoulder has a
steeper crossfall than the road surface.

Prevention of side-slope erosion

Table 2 gives the grass genera that have been reported as being useful for
planting on the slopes of embankments or cuttings overseas to reduce soil
erosion. Most are low-growing and many are of creeping iabit, proliferating
either by shoots from underground roots or by propagating stems above ground
(Plate 3(A)) thus developing, fairly rapidly, root systems which bind the soil.

10
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Toble 2

Vegetation useful in controlling erosion on roadsides overseas

Region Territory Genera

Kenya C, nodon, Pennisctun
Uganda CN nodon. Digita ra. P,.aspalum
Tangrn, ika C(, nodon. Pennisctuin

East and Zanz1iar Stenotaphrun (also controls weeds)
Central Africa Somaliland Any vegetation is regarded as helpful

S. Rhodesit tka,,palurn. Pennisctum
N. Rhodesia Cynodon. Star, S%sazi grasses
Nyasaland Pspa un

N. Nigeria C, nud. I7csnlodiunr, Ipomoca
West Africa L. Nigeria Axonopus. Cyinbopogon, Cynodon, Digitaria, Melinis

Sierra Leone %xontpu . (.,,nbopogon. Pueraria

Btrbados \ .xonmpu,, Cno.lon. Elusine, Euphorbia, Portulaca
Br. (G llin. 1 ( no. n
Br. I-ltodura's .(\o:pu. (.1 ,1n. PAsp,tlurn
Jinaica 11,t]ltlah s . VeileI la

Antigua NndLroptogor;,, A ronopus. Dicanthiun
West Indics Montserrat \'etivtrria. Ssseet grass, Creeping grasses

St. Kitts .\,,oncpus (%ct site,), Cynodon 1dry sites)
Trinidad .Axonopus, C(nodon. Dcsmodium, Euphorbia, Mimosa,

Dominica \'eti, rl.
Grenada Andropocn, Axonopus, Cynodon, Cyperus. Panicum,

P a N p :tl rn i 1 4 E

St. Vincent \'cticr a, Panicuin

Aden None
Atlantic and Bahanlas ()odon. SpOroholus. St\losanthes, Tribulus
Indian Ocean lterniudt Stenolaphrum, Wedelia, Nlesernbr.anthernurn

Mairitrus () nodon, Stenotaphruln." Ischaenluni, Panicumt"

Mediterranean Cyprus lost grascs and plants

Singapore A xon ,pus, Digitaria. lschaemu., Zoysia
Far East Satrav,,k Aonopus, (hr sopogon. Ischacinun

I-long Kong Axonopus. Agrosti%, Chrsopogon. Bcuteloua, Cynodon

Western Pacitfic I-iji Dicntillu . lschaenlurn

*I.ow- and ruedium-rainfall areas
t [ligh-rainfall areas

Table 3 shows the number of territories reported as using each of the twelve
most common genera of grasses: Cvno don (Fig. 2(a)) and Axonopus are easily
the most favoured. From St. Kitts it is reported that these grasses prefer dry and
wet sites respectively, and inspection of Table 2 suggests that this may be true
to sole extent oil a continental scale, since Cyncdon seen, to be tnore common
than Axonopus in the African territories, which are on the whole drier than the
rest. In Tanganyika, however, it has been noted that in sonie circumstances
Cynodon can be displaced by other grasses unless these are controlled.

In the Northern Nigerian province of llorin, Cynodon is used on road
haunches and embankment slopes, and is said to have the following advantages:

(i) it provides a thick mat about 2 in. deep needing little cutting,
(ii) it chokes out taller-growing species,

11
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(iii) it holds up seed pods fallen from trees, which are then removed by birds.
(iv) it can carry some traffic,
(v) it stops scouring.

4 mm

PoGhun of Hab

tp'he (15 cm)

146
(a) Cynodom doctilon

Fig. 2(a). Grass occurring on roadsides overseas
(set' also p. 23)

Table 3
The twelve most common genera of grasses useful

in controlling soil crosion and the number of territories
using them

Nuniher of
Genera territories

usinrg
Andropogon 2
Axonopus 11
Chrysopogon 2
Cymbopogon 2
Cynodon 15
t)iczinthiurn 2
Digilaria 3
Ischamenurn 4
Panicum 3
Paspaurn 5
Stenotaphrum 3
Vetiveria 4

In the wetter climate of Malaya earth slopes on hili roads are liable to con.
siderable erosion. Bradley"' has described how these may be protected by
planting Tcbrau grass, a bamboo-like variety which roots very quickly in the
poorest soil, and develops a thick matted root.

12
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Research into the control of soil erosion is receiving considerable attention.
particularly in Agriculture and Land Use Departments, and benefits un-
doubtedly accrue when. because of good liaison, the results of this work are
immediately available to those responsible for road cons:ruction in the area.
In Southern Rhodesia, for example. the Roads and Agriculture Departments
have collaborated in trials of grasses for protecting the slopes of embankments
on Kalahari sand. In Singapore, trials are planned with Tephrosia Candida,
while in St. Kitts, I)igitaria decumbens, recently introduced, is felt to be
promising. In some territories, however, it would appear that the results of
research, particularly that done outside the territory, could be made more
readily available to road engineers, e.g. by reviewing what has already been
done agriculturally to determine what is relevant to road engineering. Experi-
ments like those made in Iowa by Davis"' and by Peperzak. Shrader and
Kempthorne"' are of general interest. In these the nost appropriate plant
species and seeding mixtures were determined, and the factors leading to
increased plant growth on roadside slopes were identified. Steincr,"' reviewing
development work by the U.S. Soil Conservation Service of interest to road
engineers, notes the remarkable results obtained by the use of jute matting
during the seeding of slopes. Experiments of this type might well be of value
in those overseas territories where jute is produced locally. The research work
leading to the design of the recently constructed Florida Turnpike incluued a
special investigation by means of test plots of grass species suitable for the
control of erosion on the embankment slopes.'' Information relating to the use
of grass for soil conservation is given in "Herbage Abstracts", published
quarterly by the Commonwealth Bureau of Pastures and Field Crops.* 147

Astrup,' ' has described how a helicopter may be used to apply seed and
fertilizer on high and steep highway slopes that are othervise dillicult of access.

Provision of running surfaces

It seems safe to predict that for some ime to conic grass runways have a use-
ful purpose to serve at airports where the number of aircraft handied is low and
their weights limited. Thus, in Northern Rhodesia in 1957, 19 of the 34 airfields
and landing grounds maintained by the Public Works Department had grass
runways.'' In a somewhat higher grade of construction, grass is combined
with gravel to obtain a higher bearing value than that obtained with the natural
soil (Plate 3(3)). Even on airfields of the highest grade, with paved runways,
areas equal to more than 8'0 per cent of the ground benefit from grass cover to
improve the soil stability.

Although not specilikally requested in the original circular, sonie information
was sent to the L.abora or iegarding vegetation on airfields overseas. Thus, in
Fiji, Axoriopus co,.ijresstis :0 dominant on airfields in the wet zone and blue
grass (IschleMni ari',tatun, and Dicanthium caricosum) in the dry' zone.
Zanzibar repors that lox creeping grasses are predominant, possibly as a
result of frequ ant n.e,.hn:2 al cutting. In Uganda, Paspalui notatuni, which
is encouagced on roiJsl , is considered to be too lumpy for airstrips used by
light aircraft and th' Lo er on runways generally consists of indigenous grasses
of many species, the tufted ones being removed. Cynodon dactylon is some-
times planted owing to its soft and spreading characteristics. In Mauritius, the

$The address is ('nmimmmwealth IHurc;,u of Pastures and Field Crops, Hurley, Berkshire.
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runways of the airfield arc surfaced and the types of vegetation encountered
along it are similar to those on the roadsides in the humid zone. On the main
runway at Ibadan, Western Nigeria, Cynodon dactylon predominates, with
Axonopus species in the majority elsewhere on the airfield. On Tortola air-
field in the British Virgin Islands sage occurs as well as a herb known as
"Fir Stick" or "Thumb Tack". In Borneo, Bassett reported(12 ) that Bermuda,
Kentucky blue top and marram grasses were popular on airstrips although not
universally suitable, and he felt that paspalum should be examined as a
possible replacement. He also reported difficulties with grass mowings blowing
up into retractable undercarriages, necessitating particular supervision from
maintenance staff.

Between 1939 and 1945 interest increased in Great Britain. the U.S.A. and
elsewhere in the methods of producing grass surfaces for airfields. Owing to
climatic differences not all the inforlation acquired is useful under tropical
conditions, but some points are relevant. Thus, Paeschke(''3 recommends mix-
tures rather than single species of seed, and irrigation where necessary in sub-
tropical climates. Smith notes that the stability of wet clay soils is increased by
turf formation, and suggests that the seed mixture used should be suited to the
texture of tile soil.'" Clouston recommends soil analyses to determine
whether beneflit can be obtained from the use of fetilizers.'" Sack,'") des-
cribes research carried out by South African military engineers on the produc-
tion of turf for airfields. More recently Long"", has given recommendations
for the design, construction and maintetn.ace of grass airfield surfaces fo;
small urban airfields in South Africa. Yarrow observes that grass adjacent to

148 paved runways is liable to grow rapidly and to rise above pavement level,
owing to concentration of moisture.('' Rolling, discing and blading have been
used to correct this condition.

Guide specifications have been produced in the U.S.A. by the Corps of
Engineers and by tile Civil Aeronautics Administration for the operations of
topsoiling, topsoil planting. seeding, sodding, sprigging.* mulching, tillage and
irrigation.'"'"", The choice and use of mechanical equipment and the
organization of the work of seeding airfields has been discussed by Aust.002I
The value of grassing to reduce wind erosion on airfields has been noted by
Bell and Tedrow.122' Morrish reported the grass types suitable for use in the
different climatic zones of the U.S.A. He observed that in extremely dry areas
annual grasses such as cereal grains may be used on unstable soils until
perennial grasses can become established, and suggested that in regions with
'ess than 10 in. of annual rainfall, straw or hay mulch may be applied, initially
to control dust and erosion, but ultimately to increase the chances of obtaining
established grass by retarding soil moisture evaporation.( 3)

In experiments on several airfields in the United Kingdom, Sutton, Alexander
and West"' found that germination and growth could be fostered during dry
periods by stabilizing the surface soil with bituminous peat compositions.
Mott''' has shawn that grass can be grown successfully on granular road-
making material compacted to pavement densities, and that it is helpful to mix
with the aggregate plant-nutrient materials as well as a small proportion of
clay to retain the nutrient and some necessary moisture.

*Sprigging is the planting of grass cuttings and roots in parallel rows about a foot apart
to encourage the early development of turf.
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Table 4
Vegetation used for cnirsrrttiortal ptrposes in the U.S.A.

(Cizle, " )B

Seeding rate Minimum c
Species lb ,acre) annual rainfall Characteristics

Minimum Maximum i ri.

(a) Warm humid region

Axonopus compressus 10 30 35 Sod forming b% urfaee runners: prefers moist sand'
soil. tolerant of low fertilityCnodon dact.lun 5 20 35 Sod formin, by runners above and below ground, in-
tolerant of shade; spread by vegetative methods

Grasses Lolium multiflorum 10 50 30
'aspalum notatum 5 20 -5 Bunch grass, adapted to infertile soils: high resistance

to %ear: needs minimum of maintenance
Stenotaphrum secundatum 35 Spreads bs surface runners

Herbs Lespedeza striata 10 15 35 Siim r annuai, re-seeding naturatly. planted with
C no.o n datctionTrifolium repens 1 5 20 Kpre.ids by creeping sterns or seeding on fertile, moist
soils

(b) 4
arm a-id rcgion

Bouteloua hirsuta 10 15 10 Summer rainfall above 3000 ft
Bouteloua eriopoda 10 15 10 S'mrnier rainfall, moderate altitude

Gras ."s- Eragrostis spp. 1 3 8 Tufted, best seeded in mulch
Hilaria spp. 4 8 8 Underground rhizornes. drought resistant
Oryzopsis hymenoides 8 10 10 Medium altitudes
Sporobolus airoides 2 4 1I) Open sod. alkali soil
Stipa pulchra 8 12 10

Herb, Ice plant i __ Succulent perennial using atmospher moisture. needs
no irrigation except in very dry soil low atmospheric
moisture: procumbent habit and neLs no mowing

CDK
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In Florida the climatic and geological conditions are closer, than in any
other part of the U.S.A.. to those in the less arid regions of some overseas
territories. Monteith has described how grass has been used successfully on the
shoulders and runwas of paved ends at 27 airfields in the State. A 6-in. thick
layer of soft limestone and sand was sprigged, fertilized, seeded with Cynodon
dactylon and compacted to maximum densily.' " A special machine was used
for the sprigging operation. This combination of stabilized soil and grassing
greatly reduced maintenance costs."",

Cale, reviewing vegetation useful for construction in tile different climatic
zones of the United States, has given the data shown in Table 4 on seeding
rates, ininimuni annual rainfall and general characteristics.'' ' Table 4a
relates to the warm humid region, including Florida and the Gulf Coast States
and should also be applicable to some of the West Indian territories. Table 4b
relates to the warm arid region, including New Mexico, Arizona and south-
eastern California, and should apply to the drier African territories.

Improvement of foundations
Fascine mattresses are often used to provide improved support for soil

embankments laid over swampy foundations. Coode ( '- has described the use
of brushwood for this purpose during the construction of the Ebute Metta
Causeway in Lagos, Nigeria, and Osborne' - has given details of the use of
mangrove poles in mattresses under a dual-carriageway road in Trinidad.

VEGI.TATION TO IMPROVE ROAD SAFETY
150 In the United Kingdom and the United States of America it has been

rccognied for some years pat that roadside vegetation can play a useful part
in increasing safety on roads, and this awareness is now spreading to overseas
territories. In Southern Rhodesia and the Union of South Africa, the increasing
mileage of long-distmce high-speed trunk roads is bringing to the fore the
problem of driver hypnosis, a condition induced by long periods of fast driving
on straight alignments over flat open country. Recognizing that alertness can
be stimulated visually by object., at the roadside that can engage the attention
of the diver for short period!s, trees are now being planted at suitable intervals
(see Plate 4(A)) or near places where there aie changes of alignment. In
Kenya. the Ministry of Works is interested in planting trees for shade, and
shrubs as crash barriers or headlight screens (Plate 4(13)).

Thedi6, in a statistical study of accidents on a trunk road in France, com-
pared sections without trees with others lined with trees planted at different
distances from the edge of the roadway,. The trees were found to reduce the
number of accidents whn planted more tman a metre from the road edge, but
increased them if they were close to the edge of the road.(1'

In the U.S.A., interest in the use of vegetation screens as crash barriers and
for reducing dazzle on dual-carriageway roads has been stimulated by the
papers presented by l)eakin to the Comrnittee on Roadside Development of
the High.vay Research Board. In tests, a hedge of Rosa multiflora as a crash
barrier, has been said to stop a car travelling at 50 mile/h in 60-75 ft without
injury to the occupants.' 1 Methods of combining fencing with plants of thick
foliage and semi-evergreen character have been developed to provide dazzle
screening for cases where the central reservation ('Median') on dual-
carriageway roads is narrow. In a second paper, the conclusions from develop-
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ment work in the U.S.A. have been summarized.'" ' and, as the majority are
also applicable in overseas territories, they are (verbatim) as follows:

(i) Planting for screening headlight glare and for tralfic guidance may be
kept to a minimum by adopting highway design criteria that will establish a
cross-section vih a minimi tirt ultimate median vidth of 50 ft or greater.
wherever property values permit.

(ii) Pr'perlv dcigncd median plantings will not only reduce headlight glare
and serve as a guide for traffic tra clling over a changing alignment, but will
also allow motori,,ts to dri,.e with hich-beani headlainps continuously in use.
This will increise nieht driving \isihility at least fifteen times over low-beam
dris ing.

(Iii) Me,lian platmigs, to be efrectiSc. must ultimately measure -1; to 5 ft in
heiht and I , composed of plant material that will provide i dense twig growth.

(is) Nelian -zone planti ngs may prove to provide additional benefits, such as
serving as eflective crash harriers. presenting vehicles and pedestrians crossing
medians, replacing guide ijil, and eliniinating its yearly maintenance cost and
periodic replacement.

(v) Plantile oif trees atd shrub,, at the hack of (eXistilt, ) guide rails will help
to make such fixed harriers, easier to detc,:1 dutiring night driving, as well as to
aid in warning the driver of a changing alignment.

(vi) Plantings of trees ad shruhs in traffic circles and grade separation
ra np, have prmcd to he helpful warniJigs to notorist s to slow down.

(vii) Median-lon pltntin., will present varying maintenance problems in
urban as conpared with rural areas.

Vision inipeded Iw tall trees on the inside of curves may often bc improved 151
without felliu,. 1w suitably trintutiing lower hrandies. White painting of the
trunk dclincatc.s the road edge at night (Plate 5(A)).

A1:STItII*TIC CO0 NS I ) 1-RATIONS
As itoted 1w Jellice it a recent Rees Jetrre':; lecture'"' dealing with the land-
scapinig of new ntotorwa s, roads can aid should add to the exhilaration of
dail\ life. aitd a, lowt, jouniey oit them could he a continuous and positive
deligtli. In striving for thi s ohjeclie, lhe modern road-landscapitg arcchitect
can make cortidcrahle t,,e of the ntatv attractive trees aind shrubs that are
availahle for planting. In many tropical territories nature is generous in the
provision of heautiftil vegetatioit, aid in particular regions such as the
Mediterirneat and the Wet Indies there is scope for the use of this natural
aset iii tie developntent of roads f,,r tourist purposes.

In Great Britain. the Roads Bcautifsing Association has led the way in this
field, having been responsible for planting schemes alonig 600 miles of road in
33 counties. In a review of the Association's activities over the last 25 years,
Spitta ... has given several illustratioits of what can be accomplished with
ornaimental shrubs and trees. Literature prodluced by the Association in-
cludes practical instructions for the planting of tree:, arid shrubs with special
reference to roadside conditions, advice on the pruning of roadside and street
trees, and the standard specificati' ms for trees and shrubs for roadside planting.
Advice is available fromt the Associatiot to enquircrs from ainv part of the
world: in the case of soni. oerseas territories this could usefully supplement
that available from the Curators of Botatica: Gardens or Herbaria.

Literature of the Aryan perioxl (35(M0-2500 it.c.) shows that in India trees
*Pie Roads Bciutifing Association, Kipling House, 43 Vitliers Street, London, W.C.2.
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were planted at the sides of public roads. Marco Polo recorded in 1300 that the
road surveyors of Tartary planted and maintained trees giving shade as well
as ornamentation.'"' Planting with similar aims is in hand with Macadi trees
on the Kano to Z:iria trunk road in Northern Nigeria (Plates 6(A) and 6(B)).
The shade attracts the slower pedestrian and animal user to the safety of the
roadside leaving the paved centre free for the faster vehicular traffic.

The principles of roadside tree planting in Nigeria are discussed in the Public
Works l)epartnent's "Manual of road construction and maintenance". 17

Brielly, thee are:
(i) Assuming a carriageway width of 22 ft and verges 5 ft wide. trees

should not be plated nearer the centre line than 20 ft. The species used
should not have branches below a height of 20 ft when mature.

(ii) One side of the road (preferably the westerly) should be reserved for
tree planting while the other is used for electricity and telegraph lines.
This arrangemcnt provides shade for maintenance gangs during after-
noon work and avoids the breakage of wires by falling branches.

(iii) To encourage pedestrians to leaxCe the verges, trees should be as far
from these as practicable. but not so that pedestrian or animal traffic
will break down or interfere with drainage channels. A suitable distance
is 25 ft front the centre line on the side where drainage works are
required, unless this interfere,, with fa:,,,.;i, ir increases tire hazards.

Table 5
Details of treec. suitable fur ro'alside planting in Nigeria

152
Annual
rainfall Species Local Soil Height Remarks

(in.) name (ft)

20-35 NI angifera indica ,Mango Ifeavy 40
'atnarindus Tsamiya Poor 70 Slow to start

Acacia Albiua (Jawo Dry 60 Fast growing
Sandy

Ficus Thonningii Chediya Medium 60 Easily propagated
Yictus Polita Dururni Mcdi urn 60 From cuttings
Parkia Doro" it Medium 70 Useful tree

35-55 Nlangifcra INangvo Heavy 40
Khiria Mahogany Any soil 80 From seed
Ficus Fig Medium 60 Easily propagated
Jacaranda Medium 40 igh altitudes
Azadirachta indica Neem Sandy 40 Does not stand tornadoesAfzelia Africana Kat"wo Iediuni 70 Popular shade tree

55 over Pentaclethra Apara Any soil 60 Oil bean tree
Peltaphorum Any soil 50
Ekehergia Senegalensis Oromu Dry 50 Drier areas
Pithicolobium The Ran Plant well back

1 Tree
Cassia Fistula and Pink Sandy 30

Nodos~a Cassia

Table 5 lists trees found suitable for planting at roadsides in the various
rainf~dl regions of Nigeria. These species would be expected to be suitable in
West Africa generally.
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\~(Jrai~s cst~lihhmir twLIl on thc h iundics of lh- ,:ind-cIla\ road( beMC~LLJ1
L'iuhc!i jnd K\Nl in tii he L::iscrn Region tif Nigeriat
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154

(A) A length of ro ,d in We,,ltrn Nigeria. .here the
edge of tile hiltuninowu surf iunhg is protected by

grask

(B) 0 $: rs aong the'L sj me ro d s,, h..re griv., , ~i', i,n .1l1(1 fr".'i ng ha;s occurred
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(A) lanting of Lr;is,, it) clieck criui:n it a critic? point ; OhI;lmk enib;ankmcint
thll r t i? lo l miil N,111tc to Ikoonil. ill tihe i llihelll ( ,iilLrtilli

155

,I lhe gr;ivs-hoiii L -il t c ,urhdmg (il the riil , \ if I orl lic4ol Airfield.
Norliecii k h OI,,i. hinkgilli! J'lrtllciildiI\ 'ocI , kid-imi irk
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(A) Poplars planted to relieve driver monotony on a road in the Orange Free
State. Union of SOuth Africa

"156

13) Grnaimentail pkintirg serving as a headlight screen in thle central reservation
oif an Urball Moad in (iij3, PiortIgLICSe East Africa
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(A) \ huLc 11,1111 on (rcc lrwInk lo inldicat c he rA C(IgC 1 night. inI ( hiuto,
I'oii gtitc! La,, Af.\inca

~ C 157
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' ItIt \ liA Ir( , pII C' ih.n.,1d'I 1h1C /iri t 1 t K.iwo Irulnk road,
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7 -

(A) (ir~i,,s groking through mi old. unniirnt:iincd. soil-cement paierncnrt at
Norton AirIicId. SluthLrn Rhodc~ia 159

(i I lill-gro,.ing ,clcph im grisw (FIlyp;rrh.'mi:t .pp M.IIh oscurc, cyclis
eni'ting : t 'd Idr- uin) 'n ll i rack a right-;angle,, ia d cimis,, accident,,, On Iis
roid. frmmi/luLc to litn ki, in North..n ht'd , .th, ,ergc h:ivc been cut

tol impr r i_ Vi 'u n
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I.

A) The electricity line reservation1 on the road fron Chingola to Kitme,
Northern Rhodesill. 1 he smoke from) fires onl this land i% a hazard onl the
MdJaICent high-spced roid. mid the fires canl dLJ~Miage the po%%cr lines. Control of

160 the %eg'ctati Las, hI ths prbem, mechical contro k inmpracticable
hIICI e of tii Zit-hlIi

(Ft '1ink :md cantilevered s~pras' bar aiccessories for a Lad Rover, developed
for the chemical control of roadskide vegetatni. 'I ie pumip is drisen from [the

ceteP.l.O in the eih.
(Pioq~rap/i-[vnr.s and WIa/h)

PLATE 8
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Table 6
Details (f trees sftitt,.,.. fOr roadside planrin, in South-East Asia

I )inensions relating to nature
Geographical Appro-
distribution priate P ate of growth Hleight )iameter %inimnum distance QDSpecies Local names Ii.e. regions %%here alhude (ft) of trunk between adjacent

not :) It) (fit) trees (ft)

Agathis aha Damar Indo-(hina, Malavsia, 750 Very slo-A 150 3 25
ltor,:o . New Guinea

Swietenia macroph,lla Iroad-leaved mahogany I londuras I800 Very fast up to I00 6 -25

Australian nine All ST. Asia
Casuarina equietizfolii |lorsetail L).:k Pacific hlands Various Ver.' fast 110 6 28

Ironvood
Aru

India
Lagerstroemia speciosa Ketangi ('e. Ion -- 2400 Slow 30-110 2 25

Woengoe Australia
Indonesia

Ind:a
Cinnamomum iners Kajoc lawang Borneo 450-3000 - 60 1 28

Ma!ava
Indonesia

Grevillea robusta Silver oak Australia 1500-3000' Slow 40-100 25

Andaman redwood
Pterocarpus itidica Burmese kino tree S.E. Asia -.. 1500 Fast 110 5 30-45

Kajoc merah
Angsana

Tamarindus indica Tamarind tree W. Asia - Slow 30-75 8 30-45
Asarn djawa E. Africa

iH
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Table 6 (contd.) _____ ___ __ -___ .

)imensions relating to nature
Geographical Appro- ... .....
distribution ,riate Rate of growth Height Diameter Minimum distance

Species Local names (i.e. regions ,,here altitude (ftt of trunk bet.een adjacent
nafi'et Ut i trees (fIt) (

Michelia champaca Tjemnpaka l1u-ma - Ver. slo%. 45-75 1i 30
S.F. Asia

Manilkara kaulzi Kajoe saboea West Malaysia -00 Slow up to 40 1-3 25
Saoe djawa

Enterolobium Saman Rain tree Trinidad -. t0O0 Fast 30-75 4-8 70
Kajoc ambon British Guiana

Canarum vu!.are Java almond trec Indonesia -. 1200 Moderately fast up to 130 2 30
Kenareh

tJ

Adenanthera pavonina Red sandalwood Singapore < IS00 Fast up to 60 2-7 25
Saga rajoc Borneo

Indonesia

Cassia siamea Djohar Ce :on. India, -3000 Fast 30-60 1-2 24
Indonesia

Canarium indicum Kanari ambon Indonesia to 110-120 2-4 30
Solomon Is.

Spathode campanulata Tulip tree Africa - Fast. short lived 75 6 30
Angserot

Cedrela toona Redwood tree W. Indies 450-3600 Very fast 60-90 3 22
Cedrela odorata Jamaica cedar

Calophyllum inophyllum Alexandrian laurel Australia - Slow 60 8 55
Benaga Oceania

Indian Ocean Is.

The species listed in the upper part of the table are those most suitable for roadside use

Xx
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Table 6 lists tree species suggested by Wigman to be suitable for roadside
use in Indonesia;"" these would be expected to be of use in territories ill
South-East Asia generally.

PROBLE MS ARISING WITH VEGETATION
Vegetation can cause four main problem, on roads, namely deformation

and disruption (if pavements, reduction of visibility, fire hazards, and re-
infestation of clean agricultural land.

Cronev and Lewis,'.. on the basis of studies in the United Kingdom. have
recommended th:_It on heavy clay soils, fast-growing tree species should be
planted more than 50 feet from the carriageway to avoid settlement and crack-ing of the road surface due to transpiration of moisture from the foundation.
In the U~nion of South Africa, Williams'", associates failures on a bitumen.
surfaced roaid on black clay with the planting of Blue Gums 60 feet from the
edge. In Texas. Felt "' reports that vegetation, including mesquite and oak
trees produced non-uniform drying in the clay foundations of a projected road.
He attributes deformation of an existing road to differential swelling following
wetting up of the soil after construction. In such cases, removal of the above-
ground parts of the vegetation prior to a rainy season should enable moisture
to becoimc more uniformly distributed in the foundation by the time the road
is constructed i2 the subsequent dry season. Only small low-growing trees and
shrubs should therefore be used with in 10 feet of the carriageway at such sites.

Biturninotts pavements arc sometimes damaed b, the root systems of plants,
which penetrate tlie foundation in searching for moisture and in growing
disrupt the structure. Cynodon dactylon is reported to be troublesome in this 163respect in Southcrn Rhodesia (Plate 5(13)), Mauritius and Bermuda, owing to
the tough undergrotnd rhizomes (underground stems). In Dominica, nut grass
(Cyperus spp.) is reported to behave similarly. Where traffic is relatively in-frequent, such as at the edges of airfield runways, grasses tend to grow through
the pavement; speir grass has given this kind of trouble at Lungi airport inSierra Leone : Plate 7(A) , olws a more advanced example on a disused airfield
in SOLutheni Rhodesia. The incidence of this kind of damage can be avoided,
or at least greatly retarded, by the use of total herbicides during and subsequent
to construction (see p. 26).

Overhanging trees and bushs delay evaporation. after rainfall and mayunnecessarily prolong softening in roads and haunches of earth and gravel,
and slipperiness of bituminous surfacings. Trimming the trees or selective
felling to give sunlight and wind access to the road prevents this.

Reduction of visibility is the most serious problem presented by roadside
vegetation. Rank growth obscures vision on curved alignments, and in Northern
RhoJesia accidents result from the screening by Hyparrhenia grasses of cyclists
entering high-speed main roads from bush tracks joining them at right
angles (Plate 7(1)). During the dry season rank vegetation at the roadside also
constitutes a reservoir of combustible material easily ignited by cigarettesthrown from pass ing cars or by the a, inual bush fires in scrub country. Apart
from obscured vision caused by driiiing smoke, these fires are a potential
source of damage to any adjacent timber stands in forest country; Ugandareports that damage can also be caused to overhead power and telephone lines,
which so often run in the road reservation (Plate 8(A)).

In overseas areas with intensive cultivation of cash crops, the road reserva-
tion is rightly regarded as a source from which agriculturally clean land can be
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continually re-infested with weeds. Complaints have been voiced from Jamaica,
Dominica and Cyprus. and the circumstance probably arises in many other
areas, particularly in the West Indies. The road authorities usually have no
compelling reason to control vegetation to the extreme limit of the road
reservation and the maintenance vote may well be sufficient only to keep the
road and its immediate edges in reasonable condition. If the Departments
responsible for roads and agriculture could join forces to clear weeds from
both fields and roadsides in one operation, a solution to this problem might
well be found that would save much more than it would cost.

Rank growth of vegetation can also reduce the effectiveness of drains at
roadsidc,- and on airfields.' 2 Cyperus spp. have been particularly blamed for
this in Tanganyika.

Table 7
Vegetation of rank growth habit on roadsides oversear

Region Tcrritory Genera

East and Central Kenya Acacia, Tagetes, Indigofera, Lantana, Solanun"
Africa Uganda Acanthus, Lantana, Pennisetum

ganyika Hyparrhenia, Imperata, Panicum, Pennisetum
Zanzibar None
Somaliland Prot. None
Southern Rhodesia Hyparrhenia
Swaziland None

West Africa Northern Nigeria Hyparrhenia
164 Eastern Nigeria Andropogon, Eupatorum, Imperata, Panicum,

Pennisetum
West Indies Brit. Guiana Cassia, Cordia, Indigofera, Lantana, Solanumi

Brit. Honduras Hyparrhenia, Panicum, Scleria, Mangrove
Jamaica Annual, biennial and perennial weeds
Antigua Acacia
British Virgin

Islands Acacia
Montserrat Acacia
St. Kitts None
Trinidad Brachiaria, Paspalum
Dominica C'ymbopogon
Grenada Bambusa, Spondias
St. Vincent Axonopus and others

Atlantic and Aden None
Indian Ocean Bahamas Acacia, Coccolobis, Leucaena, Torrubia

Bermuda Foeniculum
Mauritius Cynodon, Digitaria. Paederia

Mediterranean Cyprus Many species
Gibraltar None
Malta None

Far East Singapore Imperata
Sarawak Imperata
Hong Kong Lantana, Leucaena, Tithonia

Western Pacific Fiji Acacia, Brachiaria, Cassia, Lantana, Panicum,
Pcnnisetum, Solanumt

*The first two in all areas, the last three, with many others, in the Rift Valley.
tWith many other species.
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Table 8
Incidence of vegetation genera having a rank

habit of growth on roadsides overseas

Number of Maximum
Genera territories Classification height

reporting (ft)

Acacia 6 Tree
Brachiaria 2 Grass 8
Cassia 2 Shrub -
Hyparrhenia 4 Grass 6
Imperata 4 Grass 4
Lantana 5 Shrub 14
Panicum 4 Grass 10
Pennisetun 4 Grass 16
Solanum 3 Shrub
Indigofera 2 Herb

Table 7 shows the major genera that have been reported to give trouble
owing to rank growth on overseas roadsides. Table 8 lists the numbers of
territories from which difficulties have been reported with the more important
genera given in Table 7. The Acacia tree and the woody shrub Lantana are
the most commonly encountered of the iarger species; the majority of the
remainder are tall grasses. The overseas territories differ in this respect, there-
fore, from the United Kind'Jont where tall herbs and shrubs present the main
problem. and the natural grasse are of low habit. Geographically, Hyparrhenia
and Pennisetun spp. (Fig. 2b) offer the major problems in African territories, 165
whereas Imperata Cylindrica (Lallang) predominates in South-East Asia.
Neither of these groups appear to be very troublesome in the West Indian
islands, where the difficult vegetation is more varied.

2mm

Spikelo_

2mmn

Spikelt 5 25mm

4 mm

Etn l at[ Habit

paris (360cm)

(b) Ponnlaum r 4wpuroum

Fig. 2(b). Grass occurring on roadsides overseas
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METHODS OF VEGETATION C-,NTROL
AND COSTS

Methods of controlling vegetation on roadsides have been borrowed from
agricultural practice, a good review of which is given by Robbins, Crafts and
Raynor.""' The methods discussed of particular application to roads are:

(i) Mechanical methods
(a) Hand-cutting or hoeing
(b) Mechanical cutting
(c) Burning

(ii) Biological methods
(a) Grazing
(b) Use of parasites

(iii) Chemical methods
(a) Non-selective herbicides.
(b Slective herbicides.

Table 9 gives the methods reported for maintaining roadside verges overseas
free from rank v,:getation, together with approximate roadside maintenance
costs in 1958.

Mechanical methods
Hand-cutting is the most widely used method, although in many territories

166 this is beirg supplemented or superseded wherever practicable by mechanical
cutting. A range of specialized equipment is available for cutting roadside
vegetation, including one machine (the 'bush hog') capable of dealing with
woody growth up to 3 in. in diameter, which is of particular value in forest
areas. Mechanical-cutting offers particular advantages in dealing with airfields
because it enables large areas to be dealt with in a limited time by a small
labour force. In Africa, maintenance of airfields and landing grounds can
absorb considerable effort during and jmit after the rains owing to the rapid
growth of grass. In Zanzibar, however, it is reported that the presence of large
stones at the roadsides makes the use of machinery difficult. Ant-hills present
similir difficulties (Plate 8(A)). Hand-cutting is a seasonal occupation, as for
example in the Northern Nigerian province of Ilorin where a cut is made
(luring each of the eight months of the wet season, and none during the dry
season. In those countries of South-East Asia where rainfall remains at a high
level throughout the year, howver, cutting may be needed once every month.
By defoliation, cutting reduces the capacity of vegetation for further growth;
it is therefore most useful in the earlier part of the wet :,-:ason. Similarly, the
amount of cuttilig needed by a newly constructed verge may well decrease
with time.

Burning is used in some seasonally dry areas, but Uganda reports that with
tall grasses, such as the PcnnisCtui ,pp., burning may damage any overhead
power lines present. In Northern Nigeria it has been noted that deliberate
burning encourages the rank Hyparrhenia species of grass at the expense of
the more erosion-resistant species. In British Honduras, on the other hand,
where there are regions of wetter climate, the use of a flame thrower is being
considered to retard the damp vegetation without actually killing it.
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Table 9
Methods and costs of roadside maintenance overseas

Annual
cost quotedRegion Ilc-ritory Methods of maintenance per mile

(1958)
()

Kenya Hand-cutting. on gravel roads and reserva-
tions

Mechanical-cutting, on bitumen-surfaced 8-15
roads

Uganda Hand- and mechanical cu:ting
Tanganyika Hand-cutting 20

East and 1 Zanzibar Hand- and mechanical cutting I
Central Africa Somaliland General maintenance 5-50

S. Rhodesia Burning and grading grass
Mechanical-cutting 40Nyasaland Hand- or mechanical-cutting of grass 3-15Hoeing or burning of other vegetation

N. Nigeria Burning of grasses
i Hand-cutting of woody species 60West Africa E. Nigeria Hand-cutting 10-20

Sierra Leone Ha nd-cutting 20
Gambia Grazing of verges

Barbados Chemical control on plantation roads - 167
Brit. Honduras Nlechanica -cutting of forest road verges -
Brit. Guiana Hand-cutting

West Indies Jamaica Hand-cutting
Chemical control on plantation roads -Grenada Hand-cutting 8

St. Vincent Hand-cutting and grazing
Trinidad Hand-cutting up to several times each year

Mediterranean Cyprus Hand- and mechanical cutting 22

Singapore Hand- and mechanical cutting
Far East General maintenance 210

Sarawak Hand-cutting 75-80
Mechanical-cutting 50-60

Hong Kong Hand-cutting. twice annually

The width of road reservations in different territories varies. Some are
narrow because adjacent ground is already held for other purposes. Others
are broader, permitting good pavement widths, adequate drainage and sight
lines, and afford room for future development as the speed and intensity of
traffic increases. In the latter case a road authority may well hold in trust a
width of reservation that is greater than can be adequately maintained from
existing annual income. In such cases vegetation control could be affected by
permitting agricultural cultivatiorn of low-growing, short-term crops on the
outer edges of the reservation. The rights of the road authority to re-entry at
short notice, to provide adequat. drainage structures and to dispose of surface
water might well need legal s'Lfeguards.
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Biological methods
The practice of grazing stock on the road verges is reported from Kenya,

Gambia. Cyprus, Antigua and St. Vincent, although all but two of these
territories rely on some additional method for controlling grass. Unless the
stock can be satisfactorily folded, grazing would appear to be undesirable
from the point of view of road safety. In a small, hilly territory, however, the
level grassy verges on the roads may well form a sizeable proportion of the
total grazing land available; in St. Vincent. for example, the road verges carry
one-quarter of all the rattle on the island.

An example of the use of parasites to control vegetation is reported from
St. Kitts, where prickly pear (Opuntia spp.) is now being controlled by the
predatory caterpillar of the moth Cactoblastis cactorum, which consumes the
plant. I his technique was first used in Queensland, Australia, where a total
infestation of 60 million acres was virtually eliminated between 1925 and 1933.
Introduction of the caterpillar to the drier parts of Hawaii has also met with
success. Attempts have been made to control Lantana camera in Fiji by intro-
ducing insects of the Agromyza, Thecla and Teleonemia families, but it is not
known whether this ha6 met with success.

To take advantage of this method the species to be controlled should pre-
ferably not be a native of the area concerned, and have no near relatives of
agricultural importance. It is necessary to collect predators in the area from
which the species originated, and to introduce them into the area to be con-
trolled, free from their own natural parasites. The predators, having then no
natural enemies and access to unlimited food, rapidly reduce the host plant to

168 a low level of survival. The method is therefore of limited but long-term use,
and needs great care in application.

Chemical methods
Vegetation can be controlled by chemicals, the more important types being

(a) non-selective herbicides. (b) selective herbicides, (c) arboricides, and (d)
grass-stunting agents. For detailed accounts of these, and of the individual
chemicals and their uses the reader is referred to the current issue of the
"Weed Control Handbook" issued by the British Weed Control Council.'(14 )

The non-selective weed-killers are used for the total eradication of vegeta-
tion, e.g. on paths and at pavement edges to prevent encroachment and
disruption by grass and weeds. They are sub-divided into 'contact' types
(mineral oils, tar oils) and 'translocated' types (borates sodium chlorate,
sodium arsenite, N-(4-chlorophenyl)-N', N'-dimeth-lurea) ('monuron'). Thus,
sodium chlorate is used to control weeds under asphalt pavements in
Bermuda. Contact herbicides kill plant tissues only in the immediate vicinity
of the points at which sprayed droplets of the chemical solution come to rest.
Translocated herbicides, on the other hand, move within the plant away from
the site of application. In general, the latter are more effective against deep-
rooted perennial weeds and act more slowly than contact herbicides, the full
effect of which takes place within a few days of application.

The selective weedkillers are used when one species (e.g. dicotyledenous
weeds) have to be killed leaving another species, such as the common grasses,
unharmed. They can also be sub-divided into 'contact' types (mineral oils,
Ji-nitro compounds, sodium nitrate and sulphuric acid) and 'translocated'

*The British Weed Control Council, 95, \Wigmore Street, London, W.I.
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types (2: 4-dichlorophenoxyacetic acid-'2 :4: D', 4-chloro-2-methyl phenoxy-
acetic acid-'MCPA', and 4-(4-chloro-2-methylphenoxy)-butyric acid-
'MCPB'.

Woody vegetation is killed by arboricides, the most important being
ammonium suiphamate, sodium arsenite and 2:4:5-trichloro-phenoxyacetic
acid ('2:4:5-T'). They are applied to the aerial parts of woody plants or to
the roots and are believed to be translocated.

Maleic hydrazide stunts the growth of grass. Applied during early spring,
in the United Kingdom, it has been found to inhibit the growth of perennial
grassses for periods of up to 16 weeks.( 't The. current knowledge on the
mechanism of action of herbicides has been reviewed by Woodford, Holly and
MacCready: (41 interference with normal cell development is believed to be
responsible.

The experience reported from the overseas territories in chemical methods of
controlling vegetation at roadsides is rather limited, but interest is growing.
la North Borneo experiments are in hand. In Dominica, the amine salt of
2:4:D has proved satisfactory for controlling broad-leaved weeds of the
Commelina and 1pomoea species. Montron has been used successfully by the
Forest Department in British Honduras for controlling tall grasses and her-
baceous growth. In Singapore, Sarawak and North Borneo experiments with
some types of chemicals have shown that Imperata Cylindrical (Lallang) can be
retarded, but not yet eradicated. Trials by the P.W.D. in British Guiana have
shown that the sodium salt of 2 :4: D eradicates Paspalum and encourages the
more useful Cynodon grass species.

In Mauritius, sodium chlorate, sodium arsenite, 2 :4 : D and trichloroacetic
acid ('TCA') control weeds on paths through fields of sugar cane, and treat- 169
ments have been worked out for different local vegetation regimes which in-
vestigation might well show to be suitable for roadside use. In the same
territory, the Forest Department ha: found that a mixture of 2:4:D. TCA and
pentachlorophenol will check the growth of Panicum grass species for 2 to 4
months in fire-belts. Hand-cutting was found to be cheaper in this instance,
however.

In Uganda, trees and shrubs have been controlled in forest reserves with
2:4:5-T and 2:4:D ester formulations. In the West Indies, Acacia has been
found to be resistant to the herbicides so far tested, and in Antigua an(!
Montserrat these bushes still have to be controlled by stumping. Most of the
other plants in the latter island can, however, be controlled by herbicides.

Evidence of the interest in chemical control for roadside use is shown by the
trials that are planned with it, by views expressed as to its potential usefulness
and by suggestions made about the characteristics desirable in suitable chemi-
cals. Comments on all these points have been received from overseas.

In Barbados, the P.W.D. are planning to compare the costs of chemical
and mechanical control of vegetation at Scawell Airport. and the cost of
chemical and manual control on roadsides. It is believed there that combina-
tions of Weedone LV4, Weedone Brushkiller 64 (butoxy ethanol esters of
2:4: D and 2 :4 : 5 : T respectively) and ACP grass killer (a proprietary brand
of sodium trichloracetate) will give adequate control of all the roadside grasses
and weeds in the islaind with the exception of Cvperus and Hypoxis spp. In
Jamaica, chemical control is felt to be widely applicable to roadsides, and it is
to be tried at Palisadoes and Montego Bay airports. Experiments with knap-
sack sprayers on the Duncans airstrip in Trelawney Parish have given good
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results at low cost. The long-term effects have yet to be observed, however. In
British Guiana, P.W.D. experiments have shown that sodium 2:2-dichloro-
propionate does not control Sporobolus grass growing in joints on the concrete
runway at Atkinson airfield, and further trials are planned. The need for avoid-
ing drift was experienced here, since damage was done to adjacent kitchen
gardens. In the British Virgin Islands, Brushkiller and Weedone LV4 with
diesel oil and water have given effective results in trials against mangrove
trees an(' stumps, cactus, manchineel, castor and grass weeds.

In Fiji, a 20-ft wide strip is maintained, by cutting, down each side of the
road. the balance of the reservation width being occupied by rank grass and
weeds. and it is felt that these two zones should be treated separately. In the
first, 2: 2-dichloropropionic acid is felt to offer the greatest possibility of con-
trolling the grasses, while any weeds which may supplant them could be
controlled with selective herbicides. The latter would also be used to deal with
the weeds in the balance of the verge, leaving the rank grasses to assist in
preventing their regrowth and in reducing soil erosion.

The Agriculture Department in Cyprus envisages the following advantages
for the chemical control of roadside vegetation in the island

(i) It may be cheaper than manual control.
(ii) The soil is not disturbed, as it is in manual control, thus reducing the

extent of erosion.
(iii) Livestock can graze the improved pasture.
(iv) Re-infestation of adjacent land could be reduced.
The practice in several territories of grazing the road verges has already

17 been mentioned, and because of this any weedkillers employed must be non-
toxic to livestock. From the Gambia it is pointed out that such chemicals
should also be harmless to humans because pedestrians often walk barefooted
on the verges to avoid vehicles. Some chemical weedkillers are poisonous, and
the risks to workers and wild life when substances of this kind are used have
been the subject of an investigation in the United Kingdom." ' The Ministry
of Agriculture. Fisheries and Food has prepared a code of procedure for the
protection of operators " ' which should be helpful for road and airfield appli-
cation overseas, supplemented by local agricultural experience wth the
materials in question. The Ministry also issues a dossier('"' containing the
Government's current recommendations on the safe use of certain chemicals in
agriculture. New and revised recommendations are issued from time to time
as new chemicals and experience become available. No difficulties arising from
toxicity have been ,;xperienced with chemicals used on roadsides in the United
Kingdom: in fact the quality of the grass is so improved following weed
removal that it is sold to farmers as fodder, the revenue offsetting some of
the cost of the treatment. However, in using any new types of chemical over-
seas, road authorities would be well advised to seek assurance from the
manufacturers on this point. In Kenya, it is noted that any chemical treatment
should not affect adjacent crops such as tea or coffee, and it is suggested that
efficient cantileve ed spraybars are needed to minimize wind drift of the spray
on to adjacent agricultural land. In this connexion, it may be noted that
selective chemicaL are frequently used on large estates for killing the weeds in
fields without harming the main crop. If the same treatment is used on adjacent
roadsides where the weeds would be expected to be of the same type, no harm
to the crop would be anticipated.
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In 1953, the Road Research Laboratory, in collaboration with the University
of London and other interested bodies in the United Kingdom, carried out
experiments on the spraying of roadside verges. ("' Three of the conclusions
reached are relevant to overseas conditions:

(i) Using suitable equipment, spraying can be efficiently carried out by
one lorry driver and one spray operator.

(ii) A good water supply is essential to avoid delay in filling the tanks.
(iii) Since all the plants needing control may not reach their most susceptible

stage at the same time, more than one application may be needed.
More recent experiments in the United Kingdom have shown that the grass-

stunting agent, malcic hydrazide, is compatible with the 2 : 4-D type of selective
weedkiller, and that the two materials are complementary in effect. 11 )' It was
observed that although the malcic hydrazide stunted the grass it did not pre-
vent it from spreading into and filling the gaps left by dead weeds. Such
combined treatment offers advantages in overseas areas where tall-growing
grasses such as Imperata and Hyparrhenia are as much of a nuisance as rank
dicotyledonous weeds.

Research into herbicides for overseas agricultural use is sponsored by the
Colonial Pesticides Research Committee with the technical advice and assistance
of the Agricultural Research Council Unit of Experimental Agronomy. The
Colonial Pesticides Research Unit (CP.R.U.) conducts field work at Arusha,
in Tang:nyika. Re iewing tree- and scrub-control problems in East Africa,
hvens has suggested that chemical control of the Acacia spp., also trouble-
sonic on roads, should be economic.' : ' A list of proprietary herbicides avail-
able in East Africa has been prepared by the Colonial Pesticides Information 171
Servi ce, in London.':,", A testing unit for spraying equipment has been estab-
lished by the Tropical Products Institute at Silwood Park, near London.

The results of three of the investigations maide by the C.P.R.U. are recorded
below, since the vegetation species concerned also occur at roadsides, as
indicated by the present survey:

(i) Sodium 2 : 2-dichloropropionate and amino-triazole have been found to
be promising for the control of the couch grasses Cynodon dact,'lon
and Digitaria scalaruni in East Africa; the second chemical is also
promising for the control of Bidens pilosa.'''

(ii) Ester formulations of 2:4-D applied to the base of the trunk, with
frilling (the circumferential notching of the bark), have been found
suitable for the eradicaiion of both Avicenna and Rhoziphora mnan-
groves in Sierra Leone. ' :4

(iii) The above-ground parts of a number of Acacia species can be killed
by the arboricide 2:4: 5-T, preferably applied during a period of active
growth.U:,

A recent development has been the introduction of 2 :chloro-4 :'6: bisethy-
lanino-s-triazine ('simazin') as a comparatively non-selective herbicide. In
tests on a road site in the United Kingdom, reportd by Hughes, "'" this
chemical has given results as good as those obtained with sodium chlorate/
borate preparations and is said to be effective at rates of application of
5-10 lb'acre. Tests in Tanganyika maize fields (this crop is resistant to the
herbicide), reported by Ivcns, '7 showed that weeds and annual grasses are
almost completely eliminated for 12 weeks using a rate of application of
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1 lb/acre. Trials are planned in which 'simazin' will be incorporated in the
base material to reduce disruption by vegetation of a reconstructed runway at
Calabar, Eastern Nigeria.

Tall Lallang grass (Imperata cylindrica) is a continuous problem on road-
sides in Malaya. where it grows quickly and kills the adjacent carpet grass
(Axonopus compressus) which forms a dense mat useful in protecting against
erosion. Lallang, lhving deep tap roots, offers little protection, and is cut at
approximately monthly intervals with scythes, bill hooks or, on a large scale
in recent years, with motor mowers. The carpet grass then flourishes.

Recent experiments c. rried out by the Rubber Research Institute of Malaya
indicate that sodium 2: 2-dichloropropionate, applied at a rate of 15-20 lb per
acre dissolved in water, may be an ideal material for controlling Lallang. The
chemical is safe to animals, and is completely effective within a period of
4-6 weeks, after which it is important that a good low-growing cover grass
should be planted to counter erosion.( ":I

Duthie' "' has comprehensively reviewed the possibilities of chemical control
of vegetation in East Africa, in a summary of the papers and discussion at the
first East African Herbicide Conference.(""' The materials are dealt with on
the basis of the crops with which they are used, e.g. sorghum, coffee, pyrethrum,
sisal, etc., and the experience quoted would be expected to be applicable to
roads running through the areas where these crops are grown.

In the early experiments with chemical weed control home-made spraying
equipment was employed, usually mounted on the back of a lorry. More
recently, accessory equipment has been developed for the Land Rover (Plate172 8(B)); it includes an adjustable spray boom and a pump operated from the
power take-off. For use when access to water is limited, a sprayer has been
developed which produces a steam-like vapour from highly concentrated solu-
tions of chemicals. Worked from the exhaust pressure of a Land Rover, it has
no pump or moving parts. The vapour produced is more liable to drift than
are the sprays normally used, and this type of distribution is best suited to
Savannah. forest or scrub country where there are no adjacent crops of value.

In some areais, such as the cocoa belt in Western Nigeria, thousands of
private farmers own and use portable 'knapsack' sprayers for applying fluid
insecticides. Provided that these and herbicides can be applied satisfactorily
at different times of the year, manpower and equipment are potentially avail-
able in such areas for roadside weed control. Thorough removal of herbicides
from the sprayers subsequently would, however, be essential.

Cost of controlling roadside vegetation
The information from twelve territories on the annual cost of controlling

roadside vegctation per mile by hand or machine (given in Table 7) shows
that the cos-t varies both as between territories and within any one territory.
A major favor influencing the cost must be the number of times per year that
it is deemed necessary to cut the vegetation, which can vary from one to three
or more, as noted from Trinidad. This in turn would be expected to be
influenced by the average annual rainfall, control costing more in the wetter
than in the drier territories.
The average value of cost for all twelve territories is about £26 per mile

per annum. Assuming a total mileage of maintained roads in overseas terri-
tories of approximatcly 100 000 "I it follows that the cost of controlling road-
side vegetation on public roads alone is now running at over 2J million pounds.
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Figures given by Taylor for four roads in Nigeria suggest that vegetation
control is responsible for about 10 per cent of the overall cost of maintaining
the roads there.""1

In the United Kingdom, experiments made by the Road Research Labora-
tory in collaboration with the Ministry of Transport and the Gloucestershire
County Council, compared the costs of combined hand- and machine-cutting
with those of a combination of spraying and cutting. Over a period of two
years the average annual cost was found to be the same, £8 per mile for each
type of treatment, although the chemical treatment reduced the labour
component of the cost by about 40 per cent.("'

Later experience in Gloucestershire indicates that the costs of treatment
with a combination of selective weedkiller and grass-stunting agent are constant
over an initial period of two or three years, but subsequently fall owing to
alterations in the vegetation regime.""" The treatment needed then becomes
less, and its effect greater. In one division the cost of roadside maintenance is
said to have been reduced by 50 per cent, but part of this is due to revenue
obtained from the sale of hay from the verges, which becomes possible owing
to the absence of weeds in the grass.

Cost of controlling vegetation on airfields
The annual reports from a number of overseas Public Works Departments

give information about the costs of maintaining grass airfields and landing
grounds, the major element of which is the cost of controlling vegetation.

The cost in 1956 of maintaining the grassed area and scrub land on the
international airport at Piarco in Trinidad is given as £6416.,' Assuming 173
that there are about 40 intcrnational airports in Commonwealth countries in
the tropical and sub-tropical belts,":" and that at each the annual maintenance
cost is on average half that at Piarco, then the annual bill for vegetation
control at these airports is about £120000.
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For grass airfields, which carry the lighter types of aircrn.'t, the average
annual cost of maintenance for 42 fields for which published data are avail-
able is of the order of Id per square yard. Assuming that in Africa there are
about 100 such airfields each with a single runway 100000 sq. yd in area
then the annual maintenance cost in the continent is of the order of £40 000.
It would be expected that the cost of controlling vegetation on grass airfields
would bear some relation to the average annual rainfall, and Fig. 3 shows the
unit annual costs for 38 airfields. mostly in Africa, for which rainfall figures
are also available.( A general tendency for cost to rise with increase in
rainfall is seen, but there is no marked correlation. One reason for this may
be because the cost is also associated with the volume of traffic handled:
within a given rainfall range there is a noticeable trend for cost to increase
with the number of aircraft movements. Fig. 3 also shows that grass runways
are commonest in areas having rainfalls between 25 and 60 inches per annum.
In areas with less than 25 in. existing strains of grass are presumably of
negligible value as surfacings. When the rainfall exceeds 60 in. on the other
hand. the bearing strength of many turfed soils is presumably so low that
some form of pavement is needed. In this connexion it is of interest that four
of the points to the right of the 60-in. ordinate relate to fields in Fiji having
gravel-and-grass pavements, when some proportion of the cost must be due
to re-gravelling. In some of the instances shown in Fig. 3 the installation of
paved runways is almost certainly under consideration, suggesting that the
maximum number of light aircraft movements that can be reasonably carried
by grass runways is of the order of 1000 annually.

With regard to grass landing grounds. the only information so far available
174 comes from Kenya, where in 1955-6 the sum of £2500 was spent on the

general maintenance of 18 airfields.("' The proportion of this sum spent on
vegetation control is not known, but it is presumed to be high.

DISCUSSION

The information y.given in this paper shows that the use and control of vegeta-
tion are matters of wide interest to the road and airfield engineer. The economic
data suggest, however, that the expenditure involved is not very large by civil
engineering standards, placing the subject on the fringe of road and airfield
technology.

On the other hand, it is equally clear that this is a field in which small but
useful developments are continually taking place, often within the agricultural
industry, which have the effect of making the engineer's work somewhat easier
and more efficient. The interest displayed by many Departments of Public
Works in the possibilities of chemical weed control indicates that many
engineers are alive to such developments and wish to exploit them where
possible and this is encouraging, bearing in mind the limited amount of his
time th:zM the average practising engineer can afford to devote to fields other
than his own. In such work, the prime objectives are to accelerate the flow of
information from the agricult,iral to the engineering fields and where necessary
to assiic in devising modifications that engineering use may require. This
applies particularly to the development of methods for the control of soil
erosion and of chemical vegetation.

In matters such as the mechanical control of roadside vegetation, the provi-
sion of grass running-surfaces, and road safety, the initiative comes from the
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road engineer rather than the agriculturalist. Tle dissemination of knowledgc
regarding good practice and the results of experimental work by individual
road authorities is particularly valuable here, and it is felt that it would be
useful if more engineers could be persuaded to sct down their experiences in
print.

Finally, a most important aid to future develcpment will be the continued
and increasing co-operation between the Departments of Public Works and of
Agriculture in the individual ttkrritories. Good liaison on matters affecting the
roadside is already in evidence in many places, both at the formal and informal
levels. The conscious fostering of this liaison will undoubtedly bring mutual
benefit.
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APPENDIX I
SOURCES OF INFORMATION

East and Central Africa
Kenya - Ministry of Works

- Ministry of AgricultureUganda - Department of Agriculture
- Forest Department

Tanganyika - Public Works Department
- Department of AgricultureZanzibar - Department of Agriculture

Somaliland Protectorate - Acting Governor
- Public Works Department
- Department of Natural ResourcesSouthern Rhodesia - Commissioner for Roads and Road TrafficNyasaland - Public Works Department

Central African - Department of AgricultureFederation - Department of Research and Specialist ServicesBasutoland - Director of Public WorksSwaziland - Director of Land Utilization
West Africa

Northern Nigeria - Acting Governor
- Ministry of Works and TransportEastern Nigeria - Ministry of Transport

Sierra Leona - Public Works Department
- Departmtnt of Agriculture 179The Gambia - Director of Agriculture

West Indies
Barbados - Department of Highways and Transport

Messrs. Plantations LtdBritish Guiana - Department of Agriculture
British Honduras Department of Agriculture

- Forest DepartmentJamaica - Ministry of Agriculture and LandsLeeward Islands - Acting Administrator, Antigua
- Administrator, British Virgin Islands
- Agricultural Department, Montserrat

Administrator, St. ChristopherTrinidad and Tobago - Ministry of AgricultureWindward Islands - Department of Agriculture and Forestry,
Dominica

- Administrator, Grenada
- Public Works Department, Grenada
- Administrator, St. Vincent
- Public Works Department, St. Vincent

Atlantic and Indian Ocean
Bahamas - Governor
Bermuda - Governor

- Department of AgricultureAden - Public Works DepartmentMauritius - Mauritius Sugar Industry Research Institute
- Department of Agriculture
- Conservator of Forests
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Mediterranean
Cyprus - Department of Agriculture
Gibraltar - Governor
Malta - Governor

Far East
North Borneo - Governor
Singapore - Department of Public Works
Sarawak - Governor

Public Works Department
- Department of Agriculture

Hong Kong - Public Works Department
Forestry Department

Western Pacific
Fiji - Department of Agriculture

180
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APPENDIX 2

LOCAL NAMES OF VEGETATION SPECIES

OCCURRING ON OVERSEAS ROADWAYS

Species Territory reporting Local name

Acacia farneseana Fiji Ellington curse
Achyranthus indica Monterrat Devil's horse whip
Ageratum conyzoides Fiji Goat weed
Alternanthera ficcides Trinidad Rabbit meat
Amaranthus spp. Barbados Pigweed
Anacardium occidentale Grenada Cashew
Andropogon caircosus Antigua Antigua hay grass

... St. Kitts
muricatus Grenada Khus-khus
pertusus St. Kitts Barbados sour grass

Anona glabra Brit. Guiana Monkey apple
Axotiopus affinis Fiji Narrow leaf carpet grass

compressus East. Nigeria Carpet grass
West. Nigeria
Fiji
Grenada
Trinidad Savannah grass

Bambusa vulgaris Grenada Bamboo
Bidens pilosa St. Vincent Railway daisy 181

Trinidad .. ..
Brachiaria mutica Fiji Para grass

Trinidad
Canna glauca Brit. Guiana Wild canna
Cascuta spp. Grenada Love vine
Cassia alata Brit. Guiaaa Carrion crow bush

mimosoides Fiii Kaumoce
occidentalis Fiji
polandena Barbados Wild tamarind
tora Fiji Kaumoce

Cenchrus echinatus Barbados Burr grass
Chamaecrista aesch3,nome Barbados Shame bush
Chloris inflata Barbados Plush grass, bed grass

radiata Barbados , .. . .
Fiji Plush grass

Cocus nucifera Grenada Coconut
Commelina spp. Barbados Pondgrass. French weed

nudiflora Grenada Watergrass
eligans Montserrat Watergrass, French weed

Corchorus siliquosus Grenada Pl.oom weed
Cordia spp. St. Vincent Black sage

curassavica Brit. Guiana ,,

Crotalaria verrucosa Grenada Crdtalaria
striata Brit. Guiana Shack-shack

Croton flavens Barbados Sage
Cuphea carthagineusis Fiji Tar weed
Cymbopogon citratus Dominica Lemon grass

East. Nigeria . .
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Species Territory reporting Local namne

Cynodon spp. Kenya Maadi river grass
St. Kitts Bermuda, Bahama grass

, dactylon Barbados Bermuda, Devil's grass
Brit. Guiana Bahama grass
Grenada Devil's grass
Kenya Star grass
Mauritius Chien-dent
North. Nigeria Bermuda, Dhub grass,

Bhama grass
West. Nigeria Bahama, Dhub grass
South. Rhodesia Couch grass
Trinidad Devil grass

plectostachyon North. Nigeria Star grass
Cyperus melanospermus Fiji Navua sedge

rotundus Barbados Nut grass
Dominica
Grenada
Montserrat
Tanganyika Sedge

Desmodium spp. Fiji Desmodium
Barbados Sweetheart

Dicanthium aristatum Antigua Antigua hay grass
annulatum Fiji Blue grass
caricosum Fiji .. ..

Digitaria decumbens St. Kitts Pangola grass
182 ., gayana East. Nigeria Finger grass

saguinalis Barbados Crab grass
scalarum Uganda Couch grass

Eclipta alba Trinidad Congo-la-la
Elephantopus mollis Fiji Tobacco weed
Eleusine indica Barbados Dutch, goose grass

Fiji Crowi foot
Trinidad Flow foot grass

Eichornia crassipes Fiji Water hyacinth
Eryngium foctidurn Trinidad Chadonne beni
Euphorbia spp. Barbados Milk-, red-, poverty-weed
Flemingia strobilifera Trinidad Wild hops
Festuca caprina Basutoland Letsiri grass
Gliricidia maculata Grenada Gliricidia
Heliotropum indicum Brit. Guiana White clary
Hyparrhenia spp. Nyasaland Elephant grass

rufa Brit. Honduras Jaragua grass
,. Kenya Thatching grass

Hypoxis decumbens Barbados Yellow, Barbados crocus
Hyptis pectinata Fiji Mint weed
Imperata cylindrica Sarawak Lallang grass

Singapore ,,
lschaemum aristatum Fiji Batiki blue grass

I, timorense Fiji Waidoi grass
Lantana spp. Barbados Sage
Lantana camara Fiji Lantana
Leonatus nepetacfolia Barbados Ball bush
Leonurus sibiricus Barbados Motherwort
Leucaena glauca Montserrat Wild tamarind
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Species Territory reporting Local n:ume

Leucaena glauca Trinidad Wild tamarind
Malvastrum spicaturn Grenada Monkey bush
Mangifera indica Grenada Mango
Melinis minutiflora East. Nigeria Molasses grass
M ikania micrantha Fiji Mile-a-minute
Mimosa pudica Fiji Sensitive plant

Grenada
M ontserrat
Trinidad

Miscanthus japonicus F-iji Reeds
Montrichardia aculeata Brit. Guiana Moka-moka
Panicum maximum Brit. Honduras Guinea grass

Fiji
Grenada

muticum Grenada Para grass
St. Vincent . . .

Paspalum conjugatum Fiji Paspalurn
Grenada Savannah grass

fpsctculatum Trinidad Bamboo grass
nulatum Nyasaland Kapinga grass

South. Rhodesia Tanner grass
Virgatum Brit. Guiana Razor grass

Trinidad
Pedilanthus tithymaloides Grenada Milk bushi
Pennisetum clandestinum Kenya Kikuyu grass

, South. Rhodesia 183polystachyon Fiji Mission grass
purpureum Tanganyika Elephant grass

Kenya
Phvllanthus niiri Barbados Seed-under-leaf
Piper aduncum Fiji Wild yaquona
Piperomia pellucida Trinidad Shining bush
Portulaca oleracea Barbados Purslane, pussley
Priva echinata Grenada Velvet burr
Psidium guajava Barbados Wild guava

Fiji Guava
Trinidad

Rhvnchosia minima Barbados Burnmouth vine
Ricinus communis Kenya Castor oil plant
Rottboellia exalta Trinidad Corn grass
Ruellia tuberosa Grenada Many roots
Scleria spp. Brit. Honduras Sour grass
Sida acuta Fiji Broom week
Sida rhombifolia Barbados Broomwood

Fiji Paddy's lucerne
Trinidad Broom weed

Solarium demerarense Brit. Guiana Bura-bura
torvum Fiji Prickly solanum

Sorghum halepense Fiji Johnson grass
Spondias lutea Grenada Hog plum
Sporobolus indicus Brit. Guiana Iron grass

Fiji Wire grass
Trinidad Tapia grass

Stachytarpheta indica Barbados Vervain
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Species Territory reporting Local name

Stachytarpheta urticaefolia Fiji Blue rat tail
Stenotaphrum dimidiatum Zanzibar Pemba grass
Swieteria mahagoni Grenada Mahogany
Tagetes minuta Kenya Mexican marigold
Tecoma Leucoxylon Barbados White wood, white cedar

Grenada White cedar
Teramnus spp. Barbados Rabbit vine
Themeda utandra Basutoland Seboku grass
Triumfetta bartramia Fiji Chinese burr
Urena lobata Fiji Hibiscus burr

.. .. Trinidad Cousin maboe
Vetiveria spp. St. Vincent Kbus-khus

zizanoides Dominica Vetiver grass
Jamaica Khus-khus grass

Wedelia trilobata Barbados Carpet weed
Xantium pungens Fiji Noogoora burr
Yucca aloifolia Grenada Spanish needle

184
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veas two- problems, however. First,
the rocks may not remain In place.
In fact, they may be removed com-
pletely during high flows. Second,
finer material under the rocks may be

CHESLEYJ. POSE;' gradually washed out so the rocks are
not really serving their intended pur-

A large portion of the four bil- hazard (5). Flat slopes and the ab- pose. Recent laboratory experimenta-
lion tons of soil eroded from our sence of obstacles simplify mowing. tion has shown how both problems

land annually is scoured from the If a dense cover can be establishea can be solved, the second with more
beds and banks of natural channels before rills form, erosion can be mini- certainty than the first.
that are dry much of the time (6). mized. Already widely used, this
Gullies and arroyos grow whenever method is superior from almost every c i

there is appreciable n.off. Construct- viewpoint. Research projects now Early efforts to keep rocks in place
ed drainage channels customarily are underway can be expected to extend included careful hand-placement of
designed with non-eroding velocities its range of application. Max'mum the stone, perhaps with the aid of
or provided with some sort of erosion- velocities of flow must be limited, de- asphalt or mortar, to preserve align-
resistant lining. However, runoff from pending on soil erodibility and the ment and minimize exposure to the
rainstorms and snowmelt sometimes kind and quality of vegetation. If low force , ' the current. While this in-
thwarts the designer. Protective vege- flows persist long enough to kill grass, creased stability, it was found that
tation is ripped out. Concrete and other means of protecting the channel more could be accomplished if some-
asphalt linings are destroyed by over- bottom must be provided, thing were provided to hold the stones
topping and undermining. Erosion together. Since ancient times, the
then proceeds with every rain until Drop Structure. Chinese have bound ro.,.s in bamboo
repairs are made. Where conditions are othervise or willow cages of trumpet, snake, or

Much has been accomplished over favorable for grass, but average slopes sausage-like shapes. These are still
the years through public programs to are too great, concrete drop structures used'in some localities, but more often
minimize erosion on agricultural land. can be used at necessary intervals to wire is used as the binding m-iteriaL
But overall we may be actually and minimize slope in the grassed channel Large-scale projects, including closure
figuratively losing ground in the fight from one structure to the next, thereby of breaks in Yellow River levees, have
against erosion. For example, erosion assuring safe velocities. A design per- been accomplished by skillful use of

186 along highways has been an increasing focted at the St. Anthony Falls Hy- these devices. The Romans used rec-
poblem in recent years as superhigh- draulic Laboratory has been widely tangular rock-filled wooden cribs.
ways and primary roads, built to mod- used (2). Disadvantages of the struc- Wood has now been mostly replaced
ern standards of line and grade, inter- tures include high cost, obstruction to by wire, and box-like gabions find in-
cept many natural drainage channels. mowing, unpleasant aesthetics, and creasing use. The mechanized manu-
New channels are required to carry danger to vehicles. facture of wire or plastic mesh rock
runoff from impervious paved areas. Lining with Asphalt or Concrete sausages offers further economies.
As urbanization spreads, storm runoff Obviously, having to bind rocks into
peaks exceed the capacities of natural The cost of asphalt or concrete lin- containers increases the cost. Know-
channels more frequently. Cross see- ings may dictate a comparatively nar- ing under what conditions this could
tions and alignments must be im- row, deep ditch that presents a seri- he avoided would be helpful indeed.
proved hydraulically, aesthetically, ous hazard and complicates mowing. A recent report from the St. Anthony
and tcconomically. liowv are old chan- Minor repairs are comparatively easy Falls Laboratory provides tentative
nels to be improved and new ones with asphalt, but if either concrete answers in terms cf the main vari-
built so that storm waters can be ac- or asphalt linings are overtopped or ables: discharge, channel shape and
commodated without causing exces- undermined, destruction is apt to be slope, size and specific gravity of
sive erosion? complete. Neither is particularly at- stones available (1). Stones large

with Crass tractive. Since they are relatively enough to resist being moved by the
Lining smooth, water velocities are high. The flov may not be available in some

Where soil and moisture conditions lining must continue downstream be- locations. Use of rock sausages or
permit, grass can thrive and protect yond the potentially erodible channel, gabions is then required. The diame-
the channel, which can be made wide otherwise a scour hole will form at the ter of a sausage need only be half that
with fiat side slopes, presenting a lower end, possibly undennining the of loose stones having equivalent re-
pleasing appearance and minimum lining and starting progressive failure. sistance and the rocks to fill it smaller

ChesleV 1. Posey is professor ot civil en- Rock Linings yet by a factor of three or more. rith
gineering at the University of Connecticut, their upstream ends anchored, rock
Storrs, Co-..-cticut 06263. This study was Since beds of steep natural streams sausages can be used where channel
supj;ortf', by tw Connecticut Dcpartrnent of often appear to be rocky, the use of slope is as great as 50 percent. For
Transportation and the uniccrsitV's Institute rock linings in newly formed channels slopes less than 10 percent, a loose
of Water Resources, flhe loiter with funds
o bater Iirotre U. ic lateWIt ofutids seems to he logical. Where rock is not rock lining can he used unless the .ize

provided by tlie U. S. Department of thme
Interior under the Water Resources Research available, concrete blocks or even required is too large. As in the case of
Act of 1964. bricks can be used. Experience re- concrete and asphalt linings, rock Iin-
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ings mu1st be extended downstream to venting this type of failure by. cover- tions" allow a rate bf leaching that isa zone of low velocity where they ar: ing the donger zone with a filter layer extremely difficult to measure (I). Ano longer necessary (3). incorporating material many times as more sensitive test uses an inclined,Preccnting Fin-Material Wash pervious as the soil that might be high-velocity jet impinging on the
washed away, but with interstices bottom at a fixed location that can beFailure to stop the washing of fine small enough to keep the soil par- observed through a glass side wallmaterial from beneath rocks is a source ticles from penetrating it. He formu- (4). Comparisons like the followingof continuing maintenance expense. lated criteria for the necessary grain are typical: Fine, extremely erodibleLoose rocks, rock sausages, or gabions size relationships and patented and material protected by a thick layerplaced directly on the soil to be pro- successfully used the system in Aus- of rocks large enough to resist beingtected settle and must ultimately be tria 50 years ago. It has since been directly displaced by the jet-rapidreplaced. More serious from the stand- universally accepted among dam de- leaching starts immediately; same ma-point of preventing erosion and avoid- signers. terial protected by layers almost meet-ing sediment pollution, however. is Experience and research indicate ing the criteria-slow leaching reachesthe loss of material from the channel that only slight modifications of his moderate dertls in hours; same mate-bed and banks that has permitted the original quantitative relationships are rial protected by layers meeting therocks to settle. This process, referred necessary for channels. As determined criteria-no sign of leaching when testto as "leaching," is commonly slowed by the U. S. Waterways Experiment .vas stopped after more than 300 hoursby placing a layer of gravel under the Station at Vicksburg, Mississippi, the (Figures 1, 2, and 3). Of course, nostones. Study of the protective action grain-size distribution in the filter material, not even a continuous cover-of such layers shows that leaching can should be related to that of the mate- ing of stainless steel, could preventbe stopped completely (3). rial to be protected according to the erosion forever, but the comparisonThe leaching of soil from the bed following inequalities: shows the improvement that can be

and banks of a channel lined with rock Dis Filter < 5D Base (1) obtained with a well-graded reverse-is caused by a "reverse-flow" mecha- 4DI Base < D15 Filter < 2OD15 Base (2) filter layer.nism. Water pressures ott thelt chnnel D5o0 Filter < 25D o Base (3) Recent research shows that 200-boundary vary with time and from with the additional suggestion that mesh nylon can serve as a filter topoint to point because of disturbances the grain-size distribution of the filter prevent leaching, but only where thein the flow that are induced by the not have any large deritencv or e.cess ...g. velocities are not ,:ffectcd byruuhnss and Lcometr% of the chan- of any patticular inter-mediate size the pulsations of turbulent flow. Thenel itself. \Vlhen the pressure monten- (7,. Fifteen percent, by weight, of screen von't stop leaching below ga- 187tarily drops at a point, water flows the filter material is finer than the size hions or rock sausages, but it doesimmediattely front the chinttel led up- indicated by Di:, Filter; S5 percent by permit French drains to be installedward atd outward through1 the roc!:- seivht of the base material, the mate- with greater reliability than whena reverse flow. Soil pirticles may move ,itI to be protected, is finer than the sand filters are used, since coverage iswith this flow thiroowzh the rock lIver size denoted by D.-, Base; etc. more easily made complete.
to be carried a%vav by the main strtam, Only recently has the importance
A meills for pm , etinm this soil move- of these criteria in the technology of Cost of Reverse Filtersment is found it the \x ork tif Terz'aghi, erosion prevention become evident. Sand and gravel suppliers are likelywlio studied the pres etttion of soil Tests in laboratory flumes show that to view reverse-filter specifications
novimeent from dams I)% setp.to. underlayers that come close to meeting with trepidation, fearing they will be"erzaghi cotceived tdc idea of pre- the reverse-filter criteria of the equa- more difficult, to meet thr-- specifica-.

-I
380 hoL' j,"

Figure 1 Inclined high velocity Cl attacks Figure 2 With loose rock layers meeting Tor. Fiqure 3 With the lop laver ol rocks bound inerodible soil prol ed by loose rock layers Lck IarhiVicksburg specifications, the same lot is mesh lubes. thinner Tertaght .Scksburg leversof correct grading permits slow leaching unable to initiate leaching in 100 hours suffice for long las1ing protection
94 JOURNAL OF SOIL AND WATER CONSERVATION
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tions for -.'oncrete aggregates. Actual- vise on the appropriate underlayers.
ly, they need not be. It is usually Benefits of Pervious Linings
p- sihle to find deposits that require a, Reverse-fter Inings, of course, are
neither sieving nor washing. .P4;.Rversae iter tousee

A reverse-filter installation with rock pervious and permit water to seep into

sausages on Interstate 91 in Connecti- 75d,4.- the soil. Since they are rough, the

cut showed slight evidence of leaching • . velocity is low, water flows deep, and

after a year's service (Figure 4). In- X the channel has more wetted perime-
vestigation revealed that sifted sand ; .. ", ter, all factors favoring a greater rate

that did not meet the Terzaghi-Vicks- of groundwater recharge. Moreover,
burg criteria had been used. The sup- ' ."the water velocity keeps the bottom

plier could not understand the need from becoming clogged with fine ma-
for anything as cheap as unwashed terial, which can happen if the water

sand dug right out of the pit. As contains even a little particulate mat-

relaid, usi-ig correctly graded sand, ter, but is quiescent. Rock-lined chan-

the installation shows no sign of leach- nels, whether bound rock or loose,

lug after four years (Figure 5). provide living space for small forms of

In parts of the country where soils plant and animal life and are thus

are comparatively uniform the amount preferable to asphalt or concrete lin-

of work entailed in first getting sam- . " . - ings, perhaps even t , gullies.

ples and then specifying satisfactory Long-Range Effects
sources of protective materials is not Figure 4. Asphalt li, ng of steep ditch aloLg 1E91

Iared during Iit season. Although it is unlikely that prevent-
great, but it would be .prohibitive - iog erosion by effective reverse-filterin regions where subsoil conditions a,.. .. '"- , igersobyfecveees-itr
in re monswdlr sibsoi shcrdis protection will ever become so preva-
change masrke-dly within short dis- , lent that erosion on intermittent
tances. An alternative approach then 04 tleams will be stopped over any siz-
becomes necessary. w able watershed, the consequences of

Instead of starting with a grair,-s'ze achieving such a goal should be con-
analysis of the soil to be protected, sidereal. With the water delivered to
first determine the size of rock neces- permanently flowing streams always

188 sar' for the topmost liver according clear, the rate at which they wvould
to tie Ma xiinrtn tlow e\posure. Then erode bed and banks of alluvial mate-
find an available material that this rial wou'd be greatly increased. This
rock size will protect, according to the could be stopped, perhaps at great
Terzaghi criteria, and centinue the cost, but other uncertainties remain.
process down throughl ow-', t-wo, or cotbuoheunraiisrmi.throess ofner roter on,, oorChanges brought about by the great

reservoirs on the tipper Missouri River
Tests shio there is I lower liit, 'have already made its popular name,

A filter layer tht will protect a soil "Big Muddy," inappropriate. Ey
withl at [)- ofl about 0.015 illimee Bi ud, npporae gi

tian experience with the Nile may alsowill protect any finer mnateriail.c:-''w Te~ numb ofilaers used . .i ~ provide valuable data in this regard.
Figure 5 Rock sau.ge replacemenl of 1.91 REFERENCES CITED
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SUGGESTIONS FOR TEMPORARY EROSION AND

SUGGESTIONS FOR TEMPORARY SILTATION CONTROL MEASURES
EROSION AND SILTATION Introduction (0
CONTROL MEASURES

This booklet has been prepared to assist
highway designers, construction field per-
sonnel, and contractors by providing someNOTE: This text has been reproduced with the ideas and suggestions for controlling ero-

permission of the Federa! Highway Administration, sion and sediment pollution during highwayU.S. Department of Transportation. construction. Many of the control measures
are considered temporary, intended to serve
during construction or until permanent con-trols are installed and become effective.

Prepared by Most of the features discussed and shown
have been successfully employed on highway
construction projects. In some States, theyClement L. Dunkley have been incorporated into design plans and
specifications. State highway departmentsConstruction Engineer are encouraged to incorporate these tempor-
ary features, along with other erosion andFederal Highway Administration siltation control measures, into their de-
signs. Necessary pay items should be esta-

Region One blished for the installation and adequate
ma;ntenance of temporary controls during
construction.
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Where temporary erosion control features are io
not included in the plans, it is.expected It is also presumed that proper excavation
that construction field personnel and con- and embankment construction operations willC
tractors will anticipate possible problems be performed including items such as: early
and provide timely and adequato controls to installation of interceptor and toe of slope 3
prevent or at least minimize adverse effects. ditches, adequate roadway crowning to allow (0

lateral drainage in both cuts and fills,
These ideas and suggestions should also be of maintaining side ditches in cut areas at a
value to contractors in developing erosion lower elevation than the main body of the cut,
control schedules as required on all Federal- and proper embankment compaction. In general,
aid projects, control measures should not be constructed in

existing watercourses. If at all possible,
Discussion erosion and siltation control should be

accomplished before runoff reaches the main
The most effective erosion and siltation con- watercourse.
trol that can be exercised on any highway
construction project is early treatment of Sedimentation Pools
the slopes - both cut and fill. Early treat-
ment means treating cut slopes as excavation A major silzation control feature which is
progresses and fill slopes as embankment con- being included in many highway designs is the
struction proceeds. Slope treatment varies sedimentation pool. Figures 1, 2 and 3 show
from State to State but generally consists the general layouts of these pools. Large
of mulch-seedipg, and in sc.me instances top- sedimentation pools, such as shown in figures
soil application. Stone blankets and other 1 and 3a, should be considered during the
special treatments may be needed in problem design stages and incorporated into the con-
areas. The temporary control measures dis- struction plans. They may be added to a
cussed and shown in this booklet should not project during construction but must be sub-
be considered in lieu of early slope treat- jected to a formal design procedure based on
ment, but rather for use in conjunction with site conditions. These pools should be
early slope treatment, located at critical areas to provide

23
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protection for major streams, rivers, ponds erosion. Figure 4 shows the use of tempor- Q.
and lakes. This type of sedimentation pool ary berms along the top of a fill slope.
can be permanent, to remain in place after The berms should be large enough to control
project completion. These pools should be heavy runoff anr prevent washout. The earth
constructed early in grading operations and berms shown in Figure 4 are approximately
all runoff from the contributing construction 2 feet wide by 1 ft. high and should be com-
area controlled to enter the pool lbefore pacted by the wheel or track of construction
reaching a stream or adjacent watercourse, equipment. Earth berms can easily be con-Periodic cleaning is necessary in order to structed at the end of each day's embankment
maintain their effectiveness, operations to provide positive erosion con-

trol during construction stages. AnotherThere are also many locations on a highway type of temporary berm which has been used
construction project where smaller sedimen- successfully is a long burlap sleeve filled
tation pools or basins can be constructed with sand. This type is effective when
as a temporary measure. Figures 2, 3b and installed on essentially completed embank-
others in this booklet show the various types ments. The sand filled burlap sleeve remains
of pools and basins that can be used to in place to allow grass to become established
effectively control pollution until permanent before the burlap rots and the sand disperses.
controls are installed. Temporary berms can also be placed along thF

top of cut slopes where runoff might causeSpecial care must be exercised in building erosion along the cut face.
and maintaining all sediment traps and
basins. If these dikes pond much water, a In using temporary berms, it is important
failure could result in extensive damage. to recognize that the runoff collected must

be periodically outleted to prevent severe
Berms and Slope Drains erosion. Figure 4 shows a temporary slope

drain installed for this purpose. An endTemporary berms serve as an effective section should be placed on the inlet of the
measure in controlling runoff and preventing pipe and a cresent shaped earth berm

4 5
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constructed to channel runoff into the slope C
drain. Dumped stone protection may be
necessary to prevent erosion at the drain
outlet. Figures 6a through 6d show the plan details

for brush barriers and silt and check dams. CoFigure 5 shows the installation of a flexi- These devices are useful where brush isble downdrain. The collapsible pipe is plentiful and can be allowed to remain in
about 20 inches in diameter and can be conn- place.
ected to an 18 inch pipe end section. Itis held in place by pinning or staking. Figures 7, 8 and 9 show the use of hay
Flaps with grommets are provided every twenty bales along the toe of slope. Hay bales can
feet for this purpose. This type of tempor- be effectively used in many locations as a
ary downdrain system can be easily removed temporary measure to control erosion and
while additional embankment is being placed prevent siltation. For long lengths of this
and reinstalled at the end of each embankment type of barrier and at low points where run-
operation. Also, the location of the outlet off will accumulate, overflow outlets should
can be easily changed when desired. Outlet be provided as shown in Figure 7. Balesprotection is needed and the pipe should be should be embedded in the ground 4 to 6
inspected for clogging after each storm. inches to prevent water from flowing under

Toe of Slopes them. Figures 8 and 9 show the manner in
which bales are to be placed depending on

whether the existing ground slopes towardAnother problem area where some form of o wyfo h maket ae atemprar ersionconrolor away from the embankment. Bales can
temporary erosion control should be provided remain in place until they rot, or be re-is along the toe of embankment slopes. Where moved after they have served their purpose.plans call for toe of slope ditches, they Replacement of damaged or silted bales may
should be constructed early in the grading be necessary.
operations. However, ditches in themselves
may not offer the type of protection needed Figure 10 is a composite picture indicating
and additional controls should be installed, various temporary control measures that can

6 be employed during embankment construction.
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as temporary check dams to assist in con- CL
Cut l trolling erosion and minimizing siltation.

In providing the protection shown in this
figure, the width of the lining or dam

Generally, a major problem area is created should extend far enough up the ditch slopes

when grading operations begin. The problem to effectively contain the runoff and pre- (0
area starts at the cut to fill transition vent erosion and washout at the edges.and extends along the toe of the embankment
slope. Figure 11 shows this area and sug- Figure 13 expands on the use of temporarygests some possible temporary controls that dams for use in wider ditches or smallsIould be installed. Controls in this area streams. These types of dams are generallyshould be provided at an early stage of used where flow must be maintained by pro-grading and maintained throughout excavation- viding a spillway opening. As a word ofembankment operations and until permanent caution, careful consideration should becontrols are installed. given to temporary dams constructed of

graded stone to assure that the size of the
Ditches stone selected is large enough to withstand

the force of the flowing water. A number ofNewly excavated ditches may be highly temporary stone dams have been constructed
susceptible to erosion and often contribute utilizing 2 inch stone and, while they haveto the siltation of waterways. Although been quite effective during periods of lowdesirable, it is not always practical to flow, they have failed during periods ofprovide necessary ditch lining immediately heavy rain. As a rule of thumb, about 50%after excavation. Consequently, timely of the stone should be 6 inches or largerinstallation of temporary erosion and silta- for dams in small streams.
tion control measures is important.

Figure 12 shows a typical situation involv- Waterway Crossings
ing side and median ditches or swales. Most highway construction projects crossDumped stone, jute mesh, or sod can be used some form of a waterway--a stream, river,to effectively minimize erosion of ditch 

9bottoms and sides. Hay bales can be used
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pond, etc. These are highly critical areas :_
that must be protected from siltation.

feasible or practical, except under special 2
For smaller streams, where temporary dams conditions. In these instances, erodedcan be provided without causing upstream materials should be intercepted before they
damage, a log and hay erosion check dam can reach the waterway. Figure 16 shows three
be used. Figures 14a and b show the general types of protection that can be installed
plan details of this type of dam. These to trap sediment. Dumped stone or riprap
dams can be constructed from readily availa- protection is also needed between the out-
ble native material and should be placed on let and the waterway.
the downstream side of the construction area.

Figure 15 shows a method of installing a Ditch Junctions
temporary board dam at the inlet of a cul- Most highway plans show the location ofvert. This method can be used in those ditches and include a typical cross-sectionlocations where space is not available at detail. However, no special details are
the outlet end to install adequate temporary gealy inclued fo se locaios
measures. Also, many locations are usually generally included for those locations
meaiasre. Alsoh mad catin ae usually where ditches join and in many cases the
available where this method can be used to junctions are indicated as 90 degree inter-
temporarily pond runoff in medians and ramp sections. At junctions, heavy concentra-
loop areas. The basin created by this dam tions of flow may result in the water leaving
should be periodiCally cleaned. Hay bales the ditch and eroding the adjacent earth.may be used in conjunction with the boards Ditch junctions should therefore, be designed
if adequate measures (such as staking) are and constructed to accomulodate te erunoff
taken to prevent them from clogging the and sid e s o at c ti shouldfb
culvert. and side slope at junctions should be

steepened to more effectively direct the

At larger stream or river crossings, tempor- flow.
ary dams in the channel are generally not

10
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Drainage Inlets Consideration should be given to including :_
provisions in the contract requiring stock- CL

Unprotected drainage inlets, catchbasins, piling of stone during the early stages ofand other minor structures oftentimes empty construction for use at pipe outlets,silt laden runoff directly into waterways or ditches and other locations where erosionditches leading to waterways. Runoff should problems may develop.
be intercepted before it reaches these
drainage structures and the silt and other Diversions Channelsmaterials removed. Figures 17 and 18 suggest Temporary diversion channels are used when
three methods that can be used to minimize t e essary divert ae ar u d anthe amount of sediment entering these struc- it is necessary to divert water around antures. Periodicarea where a culvert is to be constructed.Paitainerc cen s anesary t - Oftentimes the raw erodible slopes of these
maintain their effectiveness and all accumu- channels contribute to siltation. Figure 20
lated silt must be removed before construc-chnesotrbetoilao.Fgue2ting the pavement structure. suggests using stone linings with gravelfoundations for erosion control in large

Pipe Outlets diversion channels and gravel lining for
smdller channels. On those projects where

Whn water is discharged from a pipe, ero- rock excavation is encountered, ledge frag-
sion oftenre s .d h hile rma p ments should be stockpiled for use in liningss often results. i le per anent splash channels, ditches, pipe outlets, and forpads, energy dissipators, or other special constructing haul roads across streams.treatment may be required, oftentimes they Temporary stone or hay bales check damsare not constructed until some time after placed in the diversion channel can alsothe pipe is installed. In trese situations, effectively minimize siltation.dumped stone should be used as shown in
Figure 19 for temporary or permanent erosion
control. The quantities of stone required
should be determined depending on conditions
such as the anticipated discharge and
velocity. 13
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Haul Roads 0-

The features shoqn in this booklet will C-Hazardous conditions can be created not only apply to other conditions besides those
by the hauling activities but also from the discussed. There are many situations which
silt-laden runoff that is discharged from occur on a typical highway construction (0
the haul road onto the local street. Quite project where erosion and pollution problems
often sediment is deposited in street drain- become evident and some type of temporary
age systems and ultimately carried to a near- control should be provided. The features
by waterway. discussed in this booklet are just some of

the items that have been successful and
Temporary erosion and siltation controls should be considered. Bridge construction,
should be included at these locations. One borrow pits, waste areas and haul roads off
method that can be employed is to construct the right-of-way are some other areas where
a sag in the haul road profile, install a the features discussed in this booklet
temporary pipe under the road and direct could be used effectively.
runoff to a temporary sediment pool. A
similar arrangement can be used at stream
and river crossings.

Summary

The ideas and suggestions presented in this
booklet depict many of the temporary mea-
sures that have been used successfully in
minimizing soil erosion and water siltation
related to highway construction activities.
In some instances, these temporary controls
are being included in the project plans.
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IMPACTS OF HIGH-INTENSITY RAINSTORMS
ON LOW-VOLUME ROADS AND ADJACENT LAND
Melvin Dittmer and Allan A. Johnson, U.S. Forest Service, Medford, Oregon

One of the most severe tests -a road receives is a high-intensity rainstorm.
The Siskiyou mountain range of the Rogue River National Forest has re-
ceived several such storms in the past decade. The most recent of these
8torms occurred during January 1974, resulting in over $8 million of dam-
age to low-volume, mostly single-lane roads. This paper describes the
kinds of road failures that occurred through narrative, sketches, and photo-
graphs. The interrelationship between the road and the adjacent land is
often not fully considered by the land manager or the road engineer. Poor
land management practices, especially in mountainous terrain, place ex-
treme burdens on the road's drainage facilities. Roads, on the other hand,
tend to concentrate water, cause surface erosion, and upset slope stability.
Land and road failures on the upper portions of a watershed often cause
damage to the land, roads, and other facilities located in the lower basin.
There are iumerous commonly used techniques in road construction to min-
imize storm damage to roads and the land. This paper describes some of
the least expensive methods that should be used mere frequently on low-
volume roads.

The true test of an engineered product consists of exposing that product to the most 215

stringent natural conditions it was designed to endure. A good test then of the drainage
facilities of a road is exposure to a high-intensity rainstorm. On January 15 and 16,
1974, a high-intensity storm occurred on the Siskiyou mountain range of the Rogue
River National Forest in southwestern Oregon and northern California. That storm
caused the greatest flood ever recorded in this area and was estimated by the Army
Corps of Engineers as a 56-year flood. The forest suffered damage in excess of $8
million at 1,000 locations on low-volume roads carrying traffic volumes from near 0
to about 200 vehicles per day.

Many traditional road design and construction features result in extensive road and
land damage during severe rainstorms. Through the use of simple and generally in-
expensive design and construction features that are mostly commonplace, soil erosion,
mass soil flows, and road damage can be greatly reduced. The road is thoroughly in-
terrelated with the land it serves. Soil, geologic, vegetative, and drainage changes
that occur on one affect the other, often with devastating results during floods.

DEBRIS-PLUGGED CULVERTS (IN DRAINAGES)

Problem

One of the most frequent and severe forms of road damage caused by the 1974 storm
was culvert, in drainages plugged with debris. In most cases, the entire road fill was
taken out oace the water overtopped the road. Examination of these culverts after the
storm showed that the major cause of failure was debris plugging the inlet. The debris
either completely plugged the culvert or reduced its effective si.'z and capacity such that
failure occurred.

Types of debris in the culvert included logging slash, native soils, rocks, and nat-
ural forest litter. A high-intensity storm on steep terrain can move much debris

82
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downhill. Only an overdesigned culvert can be expected to carry its maximum design
flow when it is plugged with waterborne debris. The design size of most drainage cul-
verts that fail would have been adequate had the debris problem not developed.

Prevention or Minimization

This problem is a difficult one to prevent or minimize. This is partially because the
road agency may not have control of the land practices that generate the debris. If this
is the case, the only alternztive is to design for the debris flow, which leads to high
construction costs.

Construction of elaborate and costly drainage facilities is not justifiable on very low-
use roads. Ir this case, either temporary or minimal facilities might be used. Such
a facility might be a temporary bridge, culvert, or ford. This would mean the road
could be used in low stream flow periods. Except for a permanent ford, the facility
would have to be removed during periods of nonuse to prevent land resource damage.

For county roads or major forest access roads, the facilities just described are in-
adequatc. Permanent and uninterrupted access is necessary or at least is the goal.
Some ways to prevent debris from plugging culverts are as follows.

Trash racks installed upstream from the culvert stop debris before it reaches the
culvert. There are many variations of trash racks; they all need to be frmly anchored
and not act as a dam. They should not be located too far upstream or they become dif-
ficult to maintain. It is doubtful that trash racks will work effectively under all or even
most conditions. They are one alternative, especially where trash and not soil or rock
debris is the principal cause of culvert blockage.

A safety overflow of some type can be
216 provided. The Ashland watershed on the

Rogue River National Forest has had high-
Figure 1. Washed out stream crossing caused by intensity storms four times in the last 10
plugging of culverts during high-intensity storm. years. Some of the same stream crossings

have been wiped out each time. Large
amounts of soil, rock, and logging debris
plug the culverts and cause road fills to be
washed out after overtopping (Figure 1).
A high water ford is planned for the over-
flow at these locations (Figure 2). A cul-
vert will handle ordinary storms. In the
case of severe storms, the culvert is ex-
pected to fail because of debris flow. For
this situation, an armored grade sag will
be built in the fill to provide for storm run-
off. The fill armor can be provided by cast-
in-place concrete, grouted riprap, large
riprap for the entire fill, or a combination
of reinforced earth with an armor cover.
This solution should greatly reduce the

Figure 2. High water ford to prevent washing out of
road when debris plugs culvert.

LILAROI
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amount of soil flushed down the streams because road fills at stream crossings will
not be added to the debris and soil already moving down the drainage and scouring it out.

A takeoff on this concept for very small drainages is the use of a rocked drainage
dip at the culvert site. Again, normal or moderate storm flows would pass through
the culvert. In severe storms the water would flow over the rocked drainage dip if the
pipe became plugged.

For larger drainages with severe debris problems, a bridge may be the best solu-
tion. A large waterway opening would allow the debris to pass under the bridge. The
bridge foundation would have to be designed to withstand scouring. This is a more
costly option and would have to be evaluated. For higher use roads a bridge can often
be justified.

DITCH RELIEF CULVERTS

Problem

Ditch relief culverts are those installed to periodically drain ditch line flows across the
road. On flatter road grades common to gentle terrain, these culverts are less trouble-
some. Steep mountainous terrain subject to high-intensity storms is another matter.
During these storms, severe road and land damages can occur when these culverts fail.

Because of economics and a desire to remove the least amount of land from produc-
tion, grades are often very steep on low-volume roads, 8 to 12 percent or even more.
This greatly increases the ditch scour potential. Failure occurs when the relief cul-
verts can no longer handle the flows. Severe scouring of the ditch line occurs, some-
times to depths of 10 ft (3 mn) or more. Eventually, the ditch line flow breaks across 217
the road at a sharp horizontal curve or a sag in the road grade. Once this occurs, ex-
tensive washing out of the fill slope and road surface results.

Debris plugging culverts again is a main culprit leading to failure. Also common is
a domino effect when soil and debris begin to build up in one culvert until eventually it
becomes plugged. Water, soil, and debris then move on to the next relief culvert.
This added amount of water and debris causes this culvert to fail also, and so on down
the road.

Besides the damage to the road, these failures have a detrimental effect on the land
below the road. Siltation in streams is increased, degradation of water quality is in-
creased, and fish habitat may he totally destroyed. Concentration of the runoff in-
creases erosion. Roads and other facilities can be damaged.

Prevention or Minimization

To prevent or minimize this problem requires that proper culvert spacings be designed.
Spacing should be close enough so that excessive ditch scour does not result. The spacing
depends on the grade of the road and the erodibility of he ditch soils. Design guides
are often used for determining spacing. Because of the cost, the tendency is to place
ditch relief pipes too far apart. This is usually false economy because the cost to re-
pair a severely dami-i.ed road is more than the cost of adequate ditch relief culverts.
Too frequently relief culvert spacing is determined only by ditch erosion criteria. In
highly erosive and unstable soils, maximum spacing should be dete-mined by conditions

at the culvert outlet. Water concentrated at relief culvert outlets can undermine road
fills or supersaturate the soil, creatinn slides and subsequent road and land da mage.

Proper installation of ditch relief culverts is also very important. They should be
placed at skew angles of 30 deg or more. If they are not skewed, the ditch flows lend
to run past the relief pipes. Chances of culvert entrances plu, nggi are increased xhen
ditch flows must turn 90 deg to enter the channel. Where sharp) turns are required for
water entering a culvert, deposit of water bed load material may occur. Also sticks
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carried by the water frequently fail to make the sharp turn, thus setting up conditions
for complete culvert inlet blockage.

The grade of relief pipes is also important. The grade of the ditch relief culvert
should be at least 2 or 3 percent greater than the ditch grade to avoid a decrease in the
velocity of the ditch flow at the culvert entrance. A decrease in velocity will greatly
increase the chance of the culvert plugging.

A well-constructed catch basin helps to direct ditch water into the culvert. The
ditch should be blocked off with a berm of earth and rock, and the inlet should not be
too deelp in the ditch line. Deep inlets tend to plug easier because of material sloughing
into the catch basin. They arc also difficult to clean out when plugged. Improving the
inlet conditions of ditch relief culverts is very effective in preventing failures under
storm conditions.

One way to do this is to use a drop inlet. A design proven effective is installing a
36-in. (0.9-11) corrugated metal pipe vertically with a cover to keep bank slough out. A
notch is cut for the entrance of the ditch water. This provides a vertical fall into the
crossdrain and avoids a slowdown in velocity.

Another possibility is a flared inlet and elbow installed in the ditch iine. The flared
inlet is placed in the ditch line facing the flow. The elbow connects the flared inlet and
crossdrain. Because the ditch flow runs directly into the flared inlet and is guided into
the crossdrain by the elbow, a slowdown in velocity is minimized or eliminated. These
installations are somewhat costly, but elimination of road washouts and resulting ad-
jacent land damage justifies the cost in most cases. These have been found to be quite
effective on raveling back slopes such as those made of decomposed granite soil types.

The measures discussed are not a panacea for prevention of ditch relief culvert fail-
ures. High-intensity storms causing debris flows, soil movement, and large runoff can
still cause failure of relief culverts. In this case, some type of safety overflow can be
usred. One type is a dipout (Figure 3). This is a depression constructed in the road to

218 drain ditch flows across the road in the event that ditch relief culverts fail. The dipout
is constructed in the road subgrade. Some type of armor or waterproofing is provided
to prevent scouring. The dipout should also be skewed to be most effective. The lo-
cation of the dipout is normally just downgrade from culverts. Because of the rather
abrupt effect on the profile grade, dipouts can normally be used only on low-speed roads.

Another design alternate is periodic use of an oversized ditch relief culvert. Ditch
relief culverts are usually 18 in. (460 am) in diameter. Using a 24- or 30-in. (610- or
760-am) ditch relief culvert every third installation or so can stop the domino effect
discussed earlier (Figures 4 and 5). Larger culverts are less apt to plug up from
small waterborne debris. The road will probably still suffer ditch scour, but complete
road washout is prevented.

OUTSLOPED ROADS

All of these alternatives assume a ditched road is necessary. In some cases, a ditch
can ;)e eliminated by designing an outsloped road. For very low-volume roads, an out-
sloped road can often be substituted for a ditched road. These roads are constructed
with a 4 to 10 percent outslope to provide drainage across the road. The outslope
allows all water falling on the road as well as runoff coming down cut banks to drain
off the road. Where live streams are crossed, a culvert or ford is provided. This
type of road is appropriate for ADTs of 0 to 50 vpd, although outsloping occasionally
is satisfactory for roads with higher traffic volumes.

This type of road has many advantages. Because the ditch is eliminated, the road
width and cut bank heights are greatly reduced. The constant outslope disperses runoff
along the entire leng-th of the road, instead of concentrating water as ditch relief cul-
verts do. The cost of the road is reduced because ditch relief culverts are not used
and excavation quantities are greatly reduced. The outsloped road can be surfaced or
unsurfaced depending on the season of use and erodibility of the soil.

Drainage dips (Figure 6) are recommended as a safety drainage feature, especially
on unsurfaced outsloped roads. This is because water may follow wheel ruts instead of
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Figure 3. Dipout provides safety overflow. Figure 4. Deeply scoured ditch caused by failure of
ditch relief culverts.
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Figure 5. Oversized ditch relief culvert.
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Figure 6. Typical drainage dip constructed on an Figure 7. Paved outsloped road catching soil and
outsloped road. debris.
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running off the outslope. If enough water fows in the wheel ruts, it can erode deep
channels in the road during storm conditions. Drainage dips ensure drainage across
the road. They can be formed through a grade sag in the profile or cut into the sub-
grade in a constant grade line. For maximum efficiency, dips should be skewed. They
should be well defined and built in the subgrade so that future maintenance operations
do not negate their effectiveness. On unsurfaced roads h- drainage dip should be
armored with rock material across the road and down thL fill slope to natural ground.
On surfaced roads, armoring the fill slope down to natural ground is adequate. Some-
times an overside drain is installed to carry runoff down the fill.

Outsloped roads cannot be used everywhere. They should normally not be used when

1. Substantial subsurface water flows are intercepted by the cut slope,
2. Roads are used during snowy and icy seasons that make outsloped roads a safety

hazard,
3. Roads have high traffic volumes and travel speeds that make outsloping unac-

ceptable for safety reasons, and
4. Roads have grades of more than 10 percent, again for safety reasons.

Several roads in the Rogue River National Forest thai experienced the January 1974
storms were outsloped. We found much less damage o.i these roads than on ditched
roads. Damages were mainly a few cut bank sluffs or small slides. This seems to
indicate that outsloped roads offer a relatively stormproof design alternate.

SCOUR ON RIVER GRADE ROADS

220
Problem

Anothe: major type of damage due to the January 1974 storms was scour on river grade
roads. River grade roads are roads that are built adjacent to streams and that follow
the grade and the alignment of the stream. This type of road is common in steep
mountainous terrain on both high-standard and low-volume roads On low-volume
roads, it is difficult to finance expensive and elaborate d,.sign feat, rc- to protect the
road. Often all that the road owner can afford ts to replace washe. -out roads with an
unprotected road similar to the one that was washed out. Yet, because of its impacts
and effects on the environment, this alternative will not always be desirable or even
allowable.

Prevention or Minimization

Some of the ways to protect low-volume river grade roads are given below.

1. Transportation planning in the preliminary stages should avoid the river grade
road where possible. Unfortunately, this is not a viable alternative for the many miles
of river grade road already in existence. Large costs, right-of-way problems, land
development, and a host of other problems usually do not allow changing the location oi
a river grade rcad once it is built. However, on roads extensively damaged by river
scour with little investment value, a new higher elevation location should be considered.

2. Heavy riprap can be used to repair some scour-damaged roads. A source of
very large riprap at a short haul distance is necessary for this method to be economi-
cally feasible. To be effective, riprap with 50 percent 12-ft 3 (0.34-m 3) material is
needed. This would have to be placed by a derrick. A good key trench is also needed
to prevent failure. Where large riprap is unavailable, a tamped riprap using smaller
sizes is a possibility. The riprap must be mechanically tamped to tightly bind the
stones and make a smoother ripr:p face to withstand the forces of fast-moving streams.
A large heavy plate on a crane can be used to tamp the riprap. The Federal Highway
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Administration has used tamped riprap successfully in Vancouver, Washington.
3. Gabions are another alternative for protection against river scour. These are

galvanized wire baskets filled with stones. Manufacturers' brochures adequately de-
scribe applications of gabions for protection against river scour, so they need not be
discussed here.

4. Metal bin walls are being used to repair some of the scour-damaged roads in the
Rogue River Forest. They will be used on sharp stream bends where earlier riprapping
has failed. A rock stratum will be excavated to provide the foundation for the bins.

CUT BANK AND FILL FAILURES

Problem

Extensive damage to roads from cut bank and fill failures occurred during the January
1974 storms. Large blocks of material slid into the roads from the cut banks and com-
pletely blocked the roads. Fills slid out, allowing extensive amounts of soil to enter
streams. Some fills failed because of saturation; others were washed out by failures
of culverts. Cut bank failures and slides usually result from saturation of the soil,
excessively steep cut banks, or undermining of the slope by ditch erosion.

Prevention or Minimization

Ways to minimize the damage are generally not new but need to be considered and em-
phasized more on low-volume roads. The time is past where the cheapest possible 221
roads are an acceptable alternative. The effects on the resources and the environment
need to be fully considered.

Building roads to the minimum width possible is effective in reducing cut bank and
fill slope failures. Narrower roads can he built with substantially lower cut and fill
bank heights. Both the probability and extent of failure are greatly reduced with lower
slope heights. Of course, the road must be wide enough to safely handle the types and
volume of traffic for which it was intended. This type of minimum impact road is being
emphasized more and more in national forests. In addition to outsloped roads, which
have no ditch and can therefore be na ,ower, insloped roads and roads with shallow,
narrow ditches can also meet the objective of low cut bank heights. Insloped roads and
shallow ditched roads have their limitations and disadvantages in certain soils and sat-
urated sub:_rade situations. They also still require ditch relief culverts. However,
they are safer under icy conditions than outsloped roads. Shallow ditches can be used
by passing vehicles on narrow low-volume roads.

Care in the location of roads can often prevent or minimize future problems. Slump
or slide areas, poor soils, excessively steep terrain, and poorly drained areas are all
exanples of where roads should not be located. Only experienced road locators who
can recognize potential problems should be responsible for the location work. In ad-
dition, geologic and soils investigation is necessary to avoid or minimize future prob-
lems. For low-volume roads, large amounts of funds and manpower can seldom be
justified for full geologic and soils investigation. Often visual observation by an ex-
perienced engineering geologist or soils engineer is adequate. In other cases, soils
and geology should be investigated to the extent justified by environmental protection
and the road investment and maintenance costs. On low-volume roads, soils and geo-
logic investigation to the point of zero failure would seldom be warranted.

Another method of reducing cut hank and fill failure is rolling the profile grade to
reduce cut and fill heirhts. Likewise, alignment should follow the ground curvatu re.
This can be clone because design speed and traffic volumes are seldom critical on very
low-volume roads. Besides high cut and fill slopes, straight alignments and long grades
tend to concentrate runoff. This increases chances of culvert failures. A rolling grade
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and curvature following natural contours will provide more opportunities for runoff to
leave the road.

Cut bank slope ratios should be flattened when possible to reduce failure. Cut slope
ratios of 1' :, 2:1, or even 3:1, where the terrain allows, are nearly always desirable.
Use of variable slope ratios on the same road should be encouraged to take advantage
of the added stability of flatter slopes. Where a surface stratum of soil with a shallow
natural angle of repose overlays a material with a much steeper angle of repose, a
variable cut slope ratio can be effective. The harder material can be cut at perhaps
1:1 and the surface layer at 2:1. Without extensive soil borings, the variable slope
ratio would normally require extensive field adjustments during construction.

The use of perforated pipe underdrains can reduce fill failures. Installation of the
perforated pipe prevents saturation of the fill. Locations for perforated pipes can some-times be spotted during design reviews but more often are selected during construction
operations. Installation of underdrains during initial construction is much less costly
than replacing lost fills or correcting the problem after the road is built.

The use of horizontal drains to prevent both cut and fill bank failures is becoming
common. Ilorizontal drains work by draining out excess water from the cut or fill bank.
The beauty of horizontal drains is that they can be placed in existing roads about aseasily as in initial construction. When the drains stabilize large potential failures,
great savings in the excavation and haul costs are realized and adjacent land and aes-
thetics are protected.

Simple rock buttresses Can be used to stabilize cut banks on low-volume roads, usu-
ally at low cost. These (c.Anl be built during initial construction -r as a repair measure
onl an existinr! road. The buttress acts as a heavy stable mass to hold back further
sliding of material above the road.

ReVegetatiun Of Cut slopes and fill slopes helps to prevent and minimize damages from
222 high-intensity storms. The vegetation holds the soil particles together, slows the run-off, and prevents surface erosion. Application of seed, mulch, and fertilizer soon

after construction will no rnially get vegetation started. However, on slopes steeper
than 1' 1, the chances of establishing vegetation are frequently l)oor. Normally deep-
rooted native vegetation is the most effective in the long run for stabilizing road cut
and fill slopes. For extreme conditions, more exotic revegetation methods can be
tried. SonIe of these are jute netting, turf blankets, soil binding agents, asphalt-
coated mulch, 11auting of native plants and shrubs, and many others. For low-volume
roads, many of the more expensive revegetation methods are not justifiable.

During construction, trees and shrubs should be removed only when necessary. The
cleairig,' liMits should be kept close to the cut and fill slopes. Flemoving larger trees
close to the cut slope arid leaving small trees and shrubs are also helpful. Besides
disrupting tei aesthetics and taking additional land out of production, removal of trees
and shrubs makes the soil more erosive and less stable. The roots of trees and shrubs
help to hold the soil in a compact mass and provide resistance to erosion. The tree
crowns intercept precipitatiun so that, through evaporation, less moisture is available
to saturate the soll.

Dayligliting should he avoided on roads where a through cut can be left. Daylighting
causes niovelieit of lore soil than necessary and exposes more area to erosion. In
addition, more land is at least temporarily removed from production.

A paved 2 percent outsloped road with curbs and berm relief culverts was con-
structed in the Ashland district of the Rogue River National Forest several years ago.
This road is in an area subjected to very intense rainstorms. Soils are highly erosive,
decomposed granite. The previously insloped, unsurfaced road was paved and out-
sloped to prevent the pieriodic severe damages the road was receiving.

This road exwrieunced the January 1974 storms. Damage to the road was much less
severe than oi the unp;,ved )ortion of the road. The pavenient tended to catch soil and
debris from back slope erosion and slumps (Figure 7). This material w,'as held on the
road and prevented from entering streanis. Some of the fills failed because they were
undermined by water carried off the road to the toe of the fill by berm relief culverts.
This occurred even thou h energy dissipators were instaled ol the outlets of the cul-
verts. More com)lete dispersal of the water is needed in these erosive granitic soils.
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All in all, the performance of the paved outsloped road seems to justify the cost, es-
pecially when the reduced land damage is considered in the analysis.

LAND MANAGEMENT PRACTICES

Problem

As noted earlier, the type of land management adjacent to roads has a significant effect
on the road. Often damage occurring to roads is blamed on the design and construction
of the road, but tile failure was brought about by land management activities occurring
after the road was constructed. Some of the ways land uses can adversely affect roads
are discussed below.

Construction of temporary or log skid roads on timbered lands concentrates runoffand changes drainat;e patterns. Runoff and drainage are especially severe in steep
mountainous terrain. When these changes occur, drainage facilities that were once
adequate fail. Culverts cannot carry the increased flows caused by the concentration.
Drainage channels change, and water flows to tile road where no culverts were installed.

Removal of a large percentage of trees or other vegetation causes an increase in the
rate and amount of runoff. This increase can cause once adequate drainage facilities
to fail.

Debris generated by land use moves downhill in storms, resulting in plugged drainage
facilities and severe road damage.

Poor land managenment practices visible to travelers are aes!hetically unpleasing.
On low-volume roads, the visual resource may not be a primar consideration. How-
ever, if a road is intended as a scenic route, these unsightly disturbances can be con- 223
sidered a road failure.

Prevention or Mini.iization

Land Use Planning

Where the road agency is also responsible for management of the adjacent lands, landuse planning can be implemented. Tnis helps to blend tile land management and road
management into one coordinated plan. Activities on the land that cause damage to the
road could be modified to avoid or minimize the road damages. Likewise, the design
of the road can be adjusted to prevent adverse impacts on the land.

Concern in Land Phractices

Land use activities should exercise concern for tie land and resources. Examples arewater barring and revegetation of temporary and skid roads, removal of temporary
drainage structures, reduction in the volume of timber removed, and, in extremely
critical areas, no land use activities at all. Frequently, good land management can be
done at little or no increase in cost to the land owner. Even if ccsts of land manage-
ment are increased (or profits reduced), it is probably a necessary step. Can we for-
ever allow a landowner high ill in a drainage to exercise land nanagenmnt activities
that result in severe damage to streais and other lands below hi n? 'rohably not.

Design to Withstand Poor Iand Management Practices

As noted earlier, the road agency may not have control over lands adjacent to the road.
In this case, it may be necessary to design the road to withstand expected or existing
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poor land management activities. This can be very difficult and costly but may be the
only option available.

CONCLUSION

The impacts on low-volume roads of high-intensity storms and the resulting floods have
been discussed. The interrelationship between the road and the adjacent land is such
that each has an effect on the other. Ways to design and build road, to withstand or
minimize damages from storms and floods were discussed. Many old ideas and some
newer ones were put forth. Using these methods may prevent much damage to roads
and the land resources.

Engieers and road building agencies need to do a better job in designing and main-
taining roads to withstand severe conditions. The tendency o, low-volume roads to
build the cheapest first-cost facility possible needs to be avoided. The damage to re-
sources and the environment needs to be adequately recognized. In analysis of alterna-
tives, proper values must be a.ssigned to damage to the environment. When the costs
of stri am siltation amd loss of fish habitat are assigned, perhaps an unprotected river
grade road is not the cheapest alternative after all. Building reasonably maintenance-
free roads must not impact the adjacent land and create maintenance costs on it.

Low-volume roads are constructed to serve an identified transportation need. Part
of the analysis for that need must include the inter relationship of a road to the sur-
rounding environment. A principal requirement for low-volume roads is that they fit
lightly on the land before and after a hit.'h-intensity rainstorm.

224
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Road Geotechnics in Hot Deserts

P.G. Fookes, PhD, BSc, MIMM, FGS

makes reconnaissance studies and follo,. THE DESERT SURFACE
I NTRODUCTION up site investigations more technically
In recent years there has been a rapidly efficient and generally easier in terms of Surface sediments found in the hot arid
expanding road construction programme cost and time. A working knowledge of climates are generally granular and with
in many of the world's hot deserts, desert geomorphological formrs and pro- or without the presence of evaporite salts,
particularly in the Middle East. Extensive cesses is invaluable in helping diagnose They are generally formed by physical
construction programmes are being design and construction problems. weathering of local hills or mountains; the
undertaken both on major projects cross- For the purposes of this Paper a hot disintegration of bedrock results largely
ing vast areas of desert and on local arid climate is one where evaporation from thermal weathering and to a lesser
feeder roads serving small centres of exceeds precipitation (rain, snow and extent from salt weathering. wind
population. Furthermore a considerable dewfall) and in many areas of the near abrasion and other local processes. The
amount of bitumen pavement overlays are and Middle East, especially the Red Sea products of this type of weathering are
being laid on existing surface dressed and the Arabian Gulf and their adjoining generally coarse grained materials. Parent
roads. Many roads are performing sais- regions, large parts of Saudi Arabia, parts rocks of high silica content (eg. granites)
factorily but there are miny examples of of Iraq, Iran, Egypt. Algeria and Libya, it is produce deltital sands and gravels which
rapid deterioration and even complete the normal situation. This climatic regime when sorted and transported by wind give
failures over a short penod of time that produces hot desert terrains. Average loess (silt sizes grainsl or dunes Isand
cannot simply be attributed to poor annual rainfal! may only be a few centi, sized) or when transported by flood water
ronstrucion practice. metres leven only a few millimetres in give alluvial sands and gravels. Break.

This Paper reievies sonie of the specific some parts) which usually only occurs rovn of calcarieous rocks le g limestones
problems of road building in hot desert seasoqaPl, nd sometimes only from a or dolimiles) result in calcareous sands
terrains in relation to the particular dtsert single cloudburst. Summer shade temper. arid gravels ard som,rirtmes marls There.
terrain type and the natural processes and atures are frequently in excess of 401C fore. although the size ranges of material
surface materials occurring in thal terrain and humrnldties may be around 100 per in different deserts are broadly similar as
This approach has been adopted to help cent near the coast. The contrast they are the proJuct of sirilar transport-
c.rtegorise the enclineering problems by between maxinrum nignt arid day tempr- inq agencies - gravity, wind or water,
desert terrain type (or zonel which atures and between night and day humid te composition of oesert surface is

226 enables generalisatlins to be made about ities is often great and in wi ter largely de.terminind by theS local bedrock
potential problems their location, occur night-time frost can occur, Strong and iryties Unfoitunatee for the civil engineer
rence and frequency, arid methods of persistent winds are normal in many :n many near and M i(dbe East locations
evaluation and design. Th's approach also areas, the local b4_drock is of Tertar limestones,

marls. cha!6. or dolomites and often
coritairs esaporite rock horirons These

and construction problems for eniin latter release salts into the groundwater
ects which stem from the nature of :he ihicr, on evapora!ion, deposit the salts
dry clinnatc regimre and tie desert ,nto Itn' dei'it surface Hence many near
landforms Engieerm solutions to and Mldle East deserts are potentially
these problerrs which are usu,ill s.liy
based on good practice in other Ccrt,i(l)nl',' the wor'd's hot deserts
regions, r7hsy not necessarily be cope iteerr,onthlrn basins ranging in
successfuL. The probleris iclude s-ti from a few hundred netres Io tens
unstable terrain - e g wind blown arid even hurdreds of kilometres across
silt (loess) arid sand (drifts and dunes), Thori are often centrally draining vwiihoutaggressive salty ground - g outlet to the srna. The basic cross.ibAha s. sahnas. silt pla'as and some sectional proile comprises a mountain

durrcructs, unsuitable construction and a piedmont plain Allhough such a
P G. Fookes materials - e g some silts. sands profile chrarcteses iriost diserts it may

and soft carbonate sediments. rapid vary greatly in detail ii different locations
BIOGRAPHY erosion - by wind and floods Fo" example, in "basn and range"

especially flash floods comntry the ratio of mountain to piedniont
Dr Fookes is a consultant engneering In coastal areas, crusersays and pari are, may approach one. whereas in
geolo igst in private practice and is ilso reclaimed land may also pfesent the huge ex iarises of the Sahard or
retained part tine by lend.'/ Pa/me; tpcJl prohIetris due to e.',iporte salts South AlStrali it is nuch sina:ler. A
and Ttitton, and Engirneering Geoogy and the h l ich ni Ind pirng of h's pted riont p!ain can be composed of
Ltd. He has wide exnpernnlcL, in nsry These proberns are dscursed on the various landfrrtrrs The basic contrast is
ground ern gierlrn and construction context of a simple tm odel basIed on bvtv',en bedrock pedirflent la blecirock
iatet,.ls fields borth overseas arid in mountain and plain desert terr,lin and plain and an alluvial plain In parts of
the United Kin gdom He specahse, In natural dr'ser proceseset, in isshch tour Artizona or eaniple the rnoritains form
Iunvestigastinrg problems in various :ones are recognised ach wit/ t0 p*er cent of Ilhe landformr area. the
terrain and enivrorrmenti typi different desert characteristics arid winrole piudiront is the remainirig 90 per
Fornerly on tie staff of Imperri different engineering behaviour cent of which .O per cent is alluvial plain,
College. and Sitinie and Partners lie Particular rfefrence is irade to the 30 per cent rock pediment and 10 per cent
has pubh.hed over 50 Papers near and Middle East thin alluvial veneer to rock pediment In

This Paper wi/i be i resented at a the wester Molave desert 30 per cent is
SUMMARY joint meeting of the Institution and the mounitc.i 70 per cenl piedmont of which

Civils to be held in London on January only 7 per cent is rock pediment and the
Hot deserts provide a vanety of design 12th, 1977 remainder alluvial plain lCooke El Warren

1 19731.
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For engineering purposes Fookes E

Knill 119-9), with much idealisation
developed a geornorphological division of
the mountain and piedmont plain into
four sediment deposition zones (Figure 1)
which can each be correlated with differ-
ent degrees of disintegration of the parent
bedrock. The sorting of the different sizes
of granular material characteristic of each
zbne being done by the dominant trans-
porting agent in that zone Rock pedi-
ments would occur in zone II of the
Fookes Er KnI classification. As they are
not a granular material they are not the
prinme concern of'this Paper and will not
be dinciesod. further. However. their
engineering signf,cance in controlling
water coures dnd as foundarons to
st.uctures and areas for provision of
borrow rriaieral rs important. The Paper
principally coricirters the alluvial pi "I o.
nt plain . rich coriprs.Ihs zrinu, II to IV.

Boundaiw., of the zones run approi-
notely paral:el V() Ine inlountain rangeseand the zonec tend to pe jridatonal into

one another The mountains undergo - . ,
slow erosion and tie resulting debris Apron fan slopes. Zone II with Zone I mountains in the bacAground. Iran
spreads out in colluvial and alluvial tans

227

Erosion in g-anula" (i/ behind unprotected culvert headwali/ due
to sttearnllood conditions Zone IT frucal Coast

Above Suriey the central desert areas Stream flow is
interrriitterrt anid thv watercrui*ises frii be

cairn Zone I/ Iran dry for long perioJs even foi v-,irs
In seii. esert regions, wh rafiHs

greater than say 150tirn tier annum, rthire
clay fraction rraterial and claiey peoo-
logical soils tend to occur. Vegetation is

Wide cuolr'nts and tr,),ni,n : bundi Zone 11/ Trucial Coast

nteiid:n;; ftiit-,.- niiutrmurir; siiipes into
th e c 'r i , 1, 11, ri t ;-',r, S o f th e (t ,' ,i"
Co)arse-u (j,i~ ii- rt, p*r, is liiirt ru,,r ftie Pl£'it Gai,r1t

nitjriniar, i in j- t t i till- uiii tei l rIo protectiin an;n iii..st
- w.f, si - I ,' ir.itierri rICouriuiite. Scour or bnodgie

snJm d - a "i'ii a Joy a"'' firiniS ItI aluval aburrrients Zote.
ilaifis In il ra! l n irs no o1 itatet thr - Tr/I/ Trucial Coast

distance fronll tlh- nIriU ,iin s thue fifie, lri
svd rnrt forne 1 in,- surfir:e Drainage
patterns develd-; or te ro, riiri slopes
and fan,, but genieraly lose triernselves in

t2 THE HIGi' AY tlGhIPEER OCTOER 1970
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Sheetdlood-rt; or a roundbot w,rth no (esijned danage Erosion of shoulder by rain rutnof frofn tie road. w.th dawrkige to
atranqevnrr Z , Ill Gul of Onan pavenient by headiv'arj er, sion Zone III 'IV Trucial Coast

also mote abundrit. Mountain canyon

Within zone I ItIe iountalrv,) grdirn,

sizes range fron oiiyrrlv si'rled eeIdulrnl fan head deposits overlying

aPjular gravel to ve,, Urge |)oijldrrs and the rock pediment Fan
in this zorio and icwr It roty and %at%.r

flo , provwJi the n1,rri force of rroventUert I I -~ Internltltent vratercourse

In zone II dt' a r t.Ay Lle pC x1, horn 7 •

"rit rittit Io i, jl svr-an fiow during -A. Advancing duties

short period% of floc;('ig and here flt--
Soils are corrlpond of mritures of angular

to sub arirul,, 5anid and gravels. with

cobble'; 3 r b iw.c1,ris n lu d.d Thns Young /Ancient rocks VA . -st'le".1 tFi'v. p 'rvi!o e l. principa)l trans5- "

r atinr , 3/ its to .iro 111. wfhere t'.O soil * *. ,

tyes mj- h-, ...r.ntatrn -- set stony Unconformity
and sandy Stn d-',rt Aeolian li e ssind --

blown) Idpa,,," ae manily to te found in De"ert eposit
the crntra part, (f tfli des.rt designated

zone IV, fwr mo h iatwtlal ,, poorly Salt flats

g'a eJ'd it is r,rir in.pa!. tI s zone that " "

228 evaporite iltls OjI be found (atter Foikes & Kril 1969 I

Figuire 2 shn,.s an uteaised cross Fiq I 9/ock dagrarrr of hot desert nrountain and l/aon terfain showing the four

a!Ctlon across tatr, hailf of a desefrt basin enineefniq zones disrused ir moe Paiper Ir(e i/so Figure 2;

tie Zonies .kOiict repeat nl'ri#! eivrs

acro)ss; the othl," ti! or m(c f! tie CO as exclusively of material derived from the peals, are separated from the mountain

a be-rch or as sat. na Tri° retative sizes of adjacent mountain slope and grading rant- and are sutourided by stony desert

the Zrons vi'y ii'i 'nilon thi-, age of sizes range froirn ilhsotedri m:diur argular or a peitinerit These peaks each have

the dese't. its ovor,)!, sze, drj'naq gravel to that of a large sited house Such their o.vn debris slopes of rocl frafnI'rnts

drral..r i wr i irid so eil 0 ten howep er, s!opes are grnerally free of strattifcalion around them and are tlhr'selves being

ion) IV or sore rt one III i It? , but So re imptication of individual sIo.,i, eroded by the desert irocesses

biggestwtiri Ii: t ho' s-i As a grrnertr1s particles rmty he present, slope anyit , of The engireeling Ctlacterstics of file

ti, lri c;'rond . ', bt t e is 1S nearus the up to 10' rnny be Otveloped coarse d ptoslts are consistent " th thy

surfa; e ,r tr' IV Is cleniss to Itu In sorme areas, free standing sing!, grading and type and are not essentially

sorface p; oft cil pt.c jar, rTiportdri e imOuntartr peaks or a cluster of several fferent Ifom steep rock debris slopes in

to illt r 9 ,r ..... :. . i ri }jl i t e c l,

w.hu1% tt ] ur': rre., er reih oflther
C.I I'.a';
,  

flo %t te : '( *!rt ecich of file

r ( Iii surf ace

felancsli.!,( O th~r a;' ferr-rn', C fT iIi,,,,'
st, within e'nsh Zori' a ri! solTAIt,;,c

Only fu.t flrt i fo'r.I o] i I l r the

ENGtNFEIN7 CHI0ACI ERISTICS
OF Ifife ZONES"

Gerrralsed sirnir,,. lof th, engineering

ciinracttiscsare, -; cn in Fig ures 2 and

Zone I- the rountan slopes

%Vept'-r-j -rv a C!ivr, wit" dilya

sasornl chten it' :lan, !s doumnatrilm Wirndb/owvi za n-i" ""

in the loct. 5lItrnJ IocceS Gravita terrain Zone IV ' 1,
tlonal effects, rig-tir v.th ri'.'herreal Near fast "

n0'o -Itarn .,Irnr,,s ar,' r'"porsble for

removing thin roc-, fraqnrts frori ttlit?

Irrlrlt ir(in vicirit, of trie niotntin t o

form large roil cri' ,itd tau% slop*;s ant

snall ah uI Id! fair', ih!,, rrck dibris

sJopes %witin toe niountans consist
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Compendium 9 Text 9

ZONE I "I M 1z

PRINCIPAL Rock Silty stony desert and sandy stony desert. Sand dunes. loess and evaporites
ENGINEERING fans Some evaporites.
SOIL TYPES B-1d., I Co-d trt.N -. a -oc 5d- I

SLOPE ANGLE OF 2-12* 1/2-2* 0 -12"
DESERT SURFACE

PRINCIPAL Gravity Intermittent stream flow and sheet floods. Wind and evaporation.
TRANSPORTING and as
AGENT OF THE rri
ENVIRONMENT Woai.& Stio. -. stnogoo,, i di M o . M.;1i.oe, Sh..iiow Sh S . wbd,S

GEOTECHNICAL Good for Generall4 very good foundation and fill material Erratic behaviour to load bearing
FEATURES foundation Saline May be pervious in foundations Migrating dunes Meslable loess

and fill Saline Absence of coarse material

Water table

Be dAll .. . . 0 '.-. kn. . i

Fig.2 Idealised cross sections of mountain IAft,, F-k., &n.ni 19691

and plain terrain showing the (out
engineering zones with brief notes on
some of their en~girerirg chiaracterstics Fig.3 Some t~rpical grading curves and envelopes, and Arterbeeg

Z ON E 11 lifnit data from engineering zones II, Ill, and IV

L __F ' I ... .. I .. .. . .i-. .. .. . . . .
,0 o i.__°a __ :I _° ' _°  I " ' '  '° u t +' ',

0 t

.,1 . ,oj 1.o ,o Io ,o 0 is oo ,,
,,( / Fa gravels LIQUID LIMIT %

ZONE lT

I- , _ _ . . .. . . . . . _ _ . . .. . .. _ >(1 ,_.. ._ _.. .. . . .

o ................ ........ .50°o[-I- I 2 -]L -

a:

5"i/ 2 0 ,'6 ' 020 03 '° 50 60 70 IO 91 2 2 9,
10silty stony /0 to Otony LU LI %

tn er avl LIQUID LIMIT

ZONE ]H

-'- -- -: - - , . - - . ........... - 1 7 ;;; 7 !

/5c uJ 17 1-

Lu , _ -, - - - ----

0 :-Lu- - .~ -< 7- -:, _._ io to . ... . .! ... . .1. .

CL 0

20 ~-. - . . . ,-- --t t - I --- I I- i- - - - - - - - --J

o . ... ..... ... oL_[..-_-7 ... _] _L L H_ _

V) sord ravel C 0b!

y,1 / ,/ o y is 20 00 AC 50 t0 7 o t oo Ic i-

dd ! fil , paveridset LIQUID LIMIT %
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J

Fouurdarei f.ytI/vue rni soft s ,ius Zone IV North Arabian Gulf Breakup of bitu nen srabdhsed road verge by traffic and rainwater
erosion. Sand ill embannirent Zrne IV. Trucial Coast

temrnerate crhrua,r5 and iherefore do not The'soil" are all composed of mixtures occasionally days. Snowmelt in high
require airy p.irtcu iJr discu-son The of angular to sub angular clastic debris Of terrains subject to winter snow may give
bedrock is isundergoinr fairly acti,,e sand to gravel grade with associated local flood conditions. Mud flows may
pfrysical eroson ari thus deep cherncal rrsterial that may bie as large as cobbles occur in fine gravels and mud-flow
weatf,or-i r iantys art! riot genera ly and boulders Locally clay or silt sized deposits can be common in some areas
drev:opo d 1a, in rtct vwet chmateci thiugh rraer31 may be derived directly from fine The stability of such materials may need
case iardiern,I of soie rocS tsps nr a gr-id bedrock le g a marll Tire coarse to be in~ctqated bfore construction.
cecur DUccus,,,cri of this and ri .itd deposits have poor to good stratification Borrow aras for construction materials
proses it !ft to zone IV and ir, reneral becomre firie further away of the reru irnd gradirg can usually easily

This on-, n..ri I,Il pinwe oc berro..° from tdhe mountain s but isolated boulders bie found itt the apron fan. A typical
rrxt-rial i rr r fruri convtir nal q,ijarr,'s or rjtr,;s of bOulfers if) huge tars. nlay grading curve for zone II material would
in the ro o' i, pits in thi roc debris be resernt Depcsiton al es place from lie in the envelope for sandy stony desert

deposts riterInttirt sheit and stream flow of hi]h shori as Figure 3 and a typical set of
velocity occurring during flash floods qeotechnica properies from Iran is given

Zone II- the apron fan (or bajada" from storm rains The accumulation of i ri aria I Where Atteroerg limits are

Aprvns ar, forrrid by tie inoerfitrlrrng flood watirs in the mountain area may given in thir and other Tables and Figures
of roci and allI fans tt;aq :xrtird nririe lirst g tive rise to a shetiet floO spreading they refer only to imaterial passing the BS
or less contirlUOU1 around all mountjins out ovr the desrt floor and as infiltration 200 sieve, i e. the silt and clay fraction
1 hir ertert deiends on tire rireqhit of the tal. Ls place tlere 5 a progressive For ro& i.a the apron fan deposits230 I miountiin raige and vtroda'rlty of the r-stric:urr of tnri flov, to stiearn beds The geniraiy provide good base arid sub-base
rock typis, the larmer mountains td. duration of sheet floods is nwasurc-t iii nf1ttiriS, Jlthoigh screning or crushing

aprur. farts entendinr for several , dIo. terris of mriiutes, strean floods ii hour,; and scft-reing thisy tie re.i uired. This
mettes RCLI, pedirents can also cccur atid the flow of streams in hours and material can also he used for coarse

aggregates in grave-bitumeri and base
Table I

Grinular -il;. Classificatoi te.t res.ts

Zore Sample Tyti. Prtilde Size Alterberg imits Diensity/moi!;ture Califorrca Water
(per celit passing:) reldationLI'p beaoring ratio(n) Soluble

Matter

20 2 0.06 0.002 Mastic L.iquid 'last;city ":l>.dr-y l)Iitmurn Unsoaked Soaked

nu mnri n, nim n hit jitrt Inde x D.na;yt iitv:iture
___________,_9f/ noh

3  
Ciiritei;t

I I-an 87 38 - - . 2.12 8.4 53.2 38.7 10.8

II Fan 63 .27 - - 22 27 6 2.24 7.0 46.3 39.3 0.1

Ill Sirihd de ert 93 54 21 8 18 36 1I - -. 2. 25

Ill Sand, desert HII 30 -. .. - 2. 11 9.5 99. 2 67.10 1. 63

Ill Silty desert 57 77 31 - 58 112 50 1. 10 20.3 15.7 2.8 41. 90

III Silty dimert - 99 76 1 35 19 3 9 18 1.75 10.2 21. 0 4 8 1.00

III ShI d.s,-rt 11C 63 20 15 29 17 1.94 12.0 24.0 14.0 0.70

IV Silty rt s rt ti 7 15 26 39 23.5 1.93 13.0 29. 0 14.4 0.50

I , I t- s - 63 21 26 64 38 1.57 22. 0 11.1 6.5 0.50

IV t.0eii - 'a 18 17 33 6 1. 01 11.59 9.8 4.3 0.60

IV I , s - 90 1 20 1 36 17 1.57 23.0 S.I 6.7 0.45

I ,V yrd .idsert I . 4 -- - - 1.96 12.00 19.0 16.5 0.65

IV ln.t , i.d . 99 U3 9 2 
.

2 3 1i 17 1.74 18.3 3.9 3.2 1.75
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Compendium 9 Text 9

Foundation failure after winter floods, Loess silts. Zone IV. Iran Capi~lary moisture rise in fresh sand tipped onto sabkha. Zone IV.
Bahrain

courses. The iqsitu material is a sound mudflow deposits occur there tends to be recharge of these aquifers is limited, and
foundation with a safe bearing pressure a restriction of ground-water flow as such the tubewells successfully developed in
usually in excess of 4kg/cm2 . deposits have a compact structure with these fans could have relatively limited

The permcabiity of alluvial fan deposits small interstitial openings. Thus mudflow long-term yields, but may be the only
depends on their grading and porosity, deposits may form aquicludes in contrast source of water for construction use.
and is a function of the size 3nd to the streamflow deposits, which are Road location in this zone should be
continuity of the interstitial voids. For relatively good aquifers. Alluvial fans built done with the flood potential in mind.
practical purposes, deposits are effectively- up by streams and mudflows may result There are two areas which can help
uncemented within depths of engineering ;n ¢orffined conditions that, together with minimise potential flood danger. Either by
interest and the water tends to move thd original dip of the fan, tends to make locating the road at the mouth of the
along the partings between successive such an alluvial fan an ideal site for mountain wadi (boundary of zones I and
deposits. However, in the locations where recovery of artesian water. However, the II supplying the flood water and debris to

TABLE 2
Outline Summary of Runoff and

Soil Characteristics of Desert Zones,

231
Desert Zone Typical Soils Runoff Hazard Notes on Head Design.

(Casagrande
s .vbo I)

I Scarce Stormflow down hillsides Conventional road design for mountain areas.
GP and in mountain canyons. Do not under estimaIte potential flood
GU High runoff coefficients conditions because of the 'arid' nature of
GW say >0.55 the terrain.

_Generally need subgrado conditions.

II tioulder Storm wadi tlow, possibly Volume of dumsped water-transorted debris during
gravels sa sheotflow. storm flow may ue large.

GP LOd to moderate runoff For roads parallel to stream flows, low embank-
GU coefficients, say t.3 to mants with strengthened stream crossing areas
G 0.5 may suffice,

For roads transverse to stream flow, high embank-
monts, numerous wide culverts and bridges.
Scour protection for abutments by jablons or
similar.
Generally gnod subnrade oonditions.

ill GF Storm sheetflow and deep Scou- r.my be a major hazard. For roads paral-
S" wadl flow. Low to moderate lel to streamflow, low embankmenth with
SP run iff coefficients, say 0.2 strengthened stream crossing areas.

to 0.5 For roads transverse to stream flow moderate
embsnkmants, nu-rous wide culverts and
bridges, and training bunds, anil scour protec-
tion. Upstream sides of embankment may require
armouring or the whole construction hy rockfill.
Generally poor to noderately good subgrade
condit ions.

IV SU Storm sheetflov ard shallow Scour may be a hazard. Generally low
SF wadi flow. embankrents, armoured in potential stream

1,1oderate to high runoff flow Areas. Training bunds and many small
coefficients - ground m.ay culverts may toe necessary in some areas.
quickly get saturated Generally poor to moderate suhbrade conditions(especially ground with high especially where groundwater table is high.

Xater tbte) ., to HA7 NGINEEROCTOB
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Silt
Medium and fine .:..
gravel in sand . :0....

Coarse. medium and .
fine gravel in silty

- sand matrix o .

S -.. " Coarse and medium o
Sgravel in fine sand . .•

-.; :: Cobbles and gravel- c." "
in fine sand . .

,,Evaporites exist in small bands but overall
;.'.'.!.t,, concentration is small

the apron fan or by running the road at Above: Salt blisters. Stone pavement
the lower eni of the fan fat the boundary Jet e'llux layer to a ."
between zoies I and 1II) far away from runway. Sabkha, Silty soil
the mountain slopes. Air photographs are ZonelV. Arabian Fine sandy
usual h valuable in helping interpret the Gull gravel
terrain and for locating an alignment.
Assessing quantitie-s of water during time
of flood is a difficult and little researched "
art as yet and caution should be exercised Medium sandy
in design. Run-off coefficients are quite gravel
variable and may typically be quite high .
ranging from say 0 2-0 8 The analysis of .

°  
. .

floods in deserts is fairly- fully discussed Fine silty gravel
by Cook2 Etl Warren (19731 in relation to with a few
geographical stud 'es If possible an align. cobbl e -"
ment, away from zone II is probably ,he cobbles a
best solution with rhe road raised on Fig.4 Typical a - o

embank rent when it hs to cross stream explanatory pirt logs
beds in zone I ll, wt ve cuverts located from Zone Ill. /ran 0 1 2 m
opposite visitle shalloA :rrannel mouths

232 coming off the zone II fans Training
hunds of gravel %ith rocrk protection Or
gabons may be n.o -,

d i strongly erosive 20 ' the margin decreasing to 4-10 problems can arise below the water table
conditions are expectd 1thee conditions to-, Js zone IV. Watercourses are The silty and sandy stony desert soils.
can be "read" off the ground b the shallow, typically less than 0.5rn deep and however. in general are quite satisfactory
presence of erratic boulders and deep several tens of netres in width: the for road construction and provide good
cuts in otherv ,s', generally shallow dranage channels extend in a distrrbutorv foundations because the water table is
chanels) The erhrlrikment itself may fashion towards the central areas where too deep to influence most engineering
also require rock protection or even tw they become topographically indistinct operations In areas viho:re lines of oanats
locally made of rockfill Ucstream ditching Transport of sediments is pnincipalty by cross the road a specific invest,= -n
may need to be coris'derc hut well away sheet-flow but some stream-flow occurs Should be carried out as collapse of a near
from the eribankmer.t so that it cannot where shallow channels exist. Flow surface tunnel could cause settlement of
be undercut by erosion of the ditch sides reaches zone Ill only at times of hseaw the road or structures
Culvert walls and bindlje ,ers may have cloudbursts Occasional remnants of Results of l3aoralory COR tests indicate
to be protected fIurr scour. Table 2 gives Quaternary terraces and lake deposits that, for typical desort soils, a minimum
in outline a sumrnurny of coservations and may be present and these conditions are thickness of about 15cm of sub-base
comments on surlace warer flows ir, this relics of periods whcn the water level vas material would btr! generally sufficient to
and tIe other zones vnich may help in at higher elevations. provide the necessary bearing capacity for
road design It is emphasised. because of As a gross simplification engineering a road pavement. Usually soils are of low
the general lack of records and under- soils can be sub-divided into two main plasticity, with acceptable shrinkage and
standing of desert catchment character- types; "slty stony desert" and •'-., compaction characteristics Exploratory
istics, that careful obserations be made stony desert" Grading envelopes po- pits may stand with vertical walls for
of the local qrcimd conJitons rhe duced from several hundred gradinc many months or even years until infilled
run-off co efficients if, the Table are a curves are given in Figure 3; in addition with blown sand or channel wash
guide only. some rypical geotechnical prooertes are material. Figure 4 shows logs of typical

given in Table 1. The percentage of exploratory pits from Iran and indicates
soluble matter reflects the varying the distribution and thiclkness of material

Zone III - the alluvial plain amounts of Salts present near the desert types, which are the usual products of
This zone is generally quite widespread surace. the other properties being con- sheet-flood and stream-flood environ-
and maV, in places, extend completely sistent with the grading of the material In ments. Every possible gradation between
across the intermonlane plateau to zone II general, the fragments are angular to sub. these types of deposit can occur. The
on the opposite side The soils of this angular with minor proportions of more deposits of sheet floods and less violent
zone are dominantly' of silt, sand and rounded shape; veririfacts (wind shaped stream-floods tend to have a high
gravel grading Such sodIs may conlaro %tones) are common. Over long distances, percentage of silt-sized particles and,
varying but generaly smal' arrIourits of the two soil types may be observed to be therefore, in general form the silty stony
clay and!or evaporte minerals In sheet-hke arid interdigitate with each desert. Wfhei'as deposits of stream floods
addition, the zone tra1y cqtain local areas other. In addition, minor lenses or sheets tend to have a high percentage of sand'
of statlonar; or mobile sand dune -- . of either the more silty or more gravelly sized particles and, therefore, in general
loess. but dIscsson of these windble in material may roterfinger througihout the form sandy stony desert.
soils ani of eapurte salts is left to zone roan soil type If the lenses are unilorn Evaporite salts may occur and could be
IV where they ire riote common silt or Silty sand grade, or are uncemented fairly evenly dispersed (in any one area)

Slopes in tone III are a maximun of say openwork gravel, then er'gieerng throughout the soil profile, with a
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-, - - .

Salt i ',attvng on tul';thn to br.d paunn S,na. Co/fops|, of roadJ btidq doe to 5u/phate igtrick on rrij.5 conlcrete

Zone /V ]Truch.31 C,,, Cenrpte pset New'J Ea5t

wmn!,enc j,) b-- co f- i l o fw centr. lake Plaice' Wind urre);, n niore Or hw ,s |Ind tho' of'wvlopwe'nt of vxi~u15 forrns of

mot~les todo v the
I  

5 ra e, wit, re for stup-, v,.fi-n fl iwl I;,, ,r.! iJ,i ru , ",/~~! ]fw 1,1:Ttvt s Ofl .r, baI rl

exarnple Ir, of fibrotu,, j'p-um cain Cd mnl ,lure n LlIvru,,tt ltOin f t'. 'II.Nays. 3 prtL'Gij,,latwnor f cJilciufr

a.ccumfli tet aJtet table 10 grow kjnL J!L}{7 ' rtIaxirl, ca, lteit ih or "I rT.W.10o," a s
OCCUr,s f v "h ,,!r tlat,, ,', h,,)h jri,-J it DI~,U ur, u, have a ,!";,e 3 v.y of

Zone IV - the base plain GCcn mlllUd P aIporatior, p~r -!¢t it i.jI r.l:, G ,
, 

1 "# ' :h

all tht? zorws arid a b ob fJJIiy th1- One ul p lor o ln a , Lptl~ f L u[e (. ,t'..IItS%:ir}o hlpa
wdh he ost tn~~nerrrf] robttms The Ilsw c!;'"',)lvt J in the g~rotur)(,v.ater e'veni f (e J ,. : T ~N;h ) [fLCS C e I

zo etend% to lb,. Itreg j 
i

n
j ¢  

Ill R anid its thty~afe in very wt-ak dilutions. Crystals of dlfforerlt ma, ;tuwr cortdllOt5 on ' ,svrt

; ,.)rgmn, n.i t,(, cOr"'anily I-hanj n r, 
"", 

n 
...

I)t°' 
'

,,,'lnd it occup,,s Ow, :t-,)tra, in-L, ,, cf the "ll. . i

p"Idn'ont pl~wn arJ ,rirjhky draitning

nowed out by ihe vitnspuringj aquinc~t.s,

r n c p allly th e w',, l It o fte n m au rg n s X . . ' * " "

s rt Itie wind boo.,i 'It'enais and nildy"23

ptdt~ l~y"rov) d,' /ha l ,, y s,11,5t arid23

AveraqeL (JOur (d %;,- re is frm 0* to Duoc.fu.irbein~g '

* ,but lorolly.J' :t iti ,'h'sof bedrock of eroot'd Sjbkh~a

srnali c ..nwnifed c l! r, r ,danjJ uni. Zotnt? /V Bahrain A ""

slope's of himlted t,-,ri may n,? ruch

Aithouih v., dblo,',n m.-l.,rial in. to 7

predorninajt anA gr' 3 a l'_sof dust!
(, sill) arid r,. a t ,: c dl!( "111 JjlI )OnodS

i{ of higjh w id, ',sattr '.Jl, ar, '17porlat lhse, sals ae also b~lo
v , ' 

,-,, the} ewllm! "wJ !"r .~u,"lt idtr,!,a)l(e ter'%

pa lq. f',Jh lb-,1r% axc ru t ilvv.iy .t#-tl d( In crt on a lfaU du t' r O ! r.* r .r , t,.) or' , 3 Ov r

I anFy rDeJ11dfirL sl'I'Tif ac lI r'1, teazhlnq Paris of 1hv dese'rt Stff~al
T  

)r~l.i' tf~*S D ,r D oo aj+ tg Nej. €

VW10 IV is USuadllv Si-rl-.etd afte~r T!he rnw/stwe r-overnt-rn! duperld! or n m r 1 4 1"

do'oinpour. but ithe s:.rnclriq ,ilefr !abie, fa|ctors but it carn bi! up !o Jr,, iDO-r thef F r etl,w of ~ t r[t~ it b5 r,,'! !o

which may be quJizte e~af ground4 surface %ater talbli€ i[1 fine( soil% ~c sst sy {lt , , madJ n/;qtlt
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Compendium 9 Text 9
Clayey Soils. These soils are usually r.b.3

formed by deposition of clay mineratl or ir

even very fine paricles of rock or chalky
precipitates, in water. Near coasts they
nay be former shallow sea deposits, now _ ____-

fcrnrg Land las in parts of lhe Arabian ,u4A.IW. ., i... .. r i , sr o,.d riO C...r..

Gulf); inland they nraiy be front temporary L. ..,, r, , i ...
lakes lpayasl or rivers They are often "r,: . . ., ,,I '
contaminated with sits sands and salts, - -"'_" ___ ,--
Perhaps most commonly they are I
calcareous. ir Cs ii 25 - I. I ;2 LU I cc

They can frequently be classed n the
Cl to CH range on the Casagiande classi-
fication When dry they usually have high 4.- ... ,, . *K 4 : i 3 1. I I ci
shear streigths but tris drops to low I-,

values when wet and the,, may have
marked swelhrrg and shrinkage character- ,.., 2. 1.1 ) :1 .r It CH
itiCs on wetmtq and drying, which can
give pavement dificulties unit,s they are - - --
kept at a reasonably constarnt ricesture 0.i . 1i
content. Tornson (19571 gwe.; a good
discussion of their performance 0i airfield .. , L.,,.ror . Sl en.'viiTi.
corrstructron. Table 3. (especially if under load) but in the dry internal erosion frorr percolating ground-

Silty Soils. Windblo'i silts, the state can have good strength and bearing water. A general solution to geotechnicat
loesses, sorrn:ti rles occur ir dnsirts and if characteristics. Loess plains may have problems provided by melastable loess is
they have not bes, redeposited by water underground drainage channels which to consolidate by flooding and rolling
nay be meta.stabe. that , irr Itls contexl (nay not be easily visible from thc ground prior to construction or to admix with
they can quickly collaspse or wetting surface, and loess can readily pipe by coerser material to make more suitable

Yellow/brown loose -very loose

wind blown rounded slnjhtly silty fine
sand w:th sore coarse sand sized
calcite ,hell debris

w,- - deriry . 1'53

. u mo,siue contern = 2"0

Brown loose rounded silty v.ry .- - - - 'v niuY i 149234 fine ,and with many roots ,J II
_L . .. . .. . ....... . .... "-- ." ---- - ;I v

Greyish while nmoderiarely dense -et rt1sr 68
very weakly .emented massive - mo, h rerir 42 0
ca!ssit t /calcarrne with irruch -r. d drenstvI t 61
sill and sand I

F I I'

Yellow /iown very loose
medium - Coarse sand

Brown loose Silly very fine sand i I
with roots, possible fill

mer densry 1-54
Veo,vtre Crinrent x 3-7
diy derls-t 1 49

Yellow,/brown mrost loose wind

blown rounded very_ fine sand

- 7ni %,i , 58

niVrL r ruit ,corer = 4 5 %

didr n d irlry 1 50

V Large bulk sample
Fig.5 Typical pit logs. Zone IV V for airrtolaiy tests

• -- T er dei ry = I 50

V 
u .LJ nio 'iufe cunrinirl . 4 5 D" In tu cote culler desity

dry de try = 1 50 test. unS t in Mg/i
3

mO 05 10 15 20 25 30 m
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grading, e.pecially if it is to be used as rALr

embankment. For geotechnical discussion Dil Z.- IV t,-M. c,.-,l I... .

on loess see Holtz and Gibbs (19511 and
on desert loess in Iran see Fookes and
Best (1909).

Sandy Soils. lost sands in deserts are -. . u...... 'r f " sor,

the direct or indrect result of wind
transport even if they are no longer in the _

turn of dunes They dre perhaps the most I,.* 0.1 l..0 NO I s s 1 o0.00 0.0

extensive of all the sol types They have .. 0.1 V0 l.ll I Is a 1 0 03 .A

typically a singl 0 szed gradtnq curve 1.0 - , 5 1. V a I I I 0 0.1

lFigure 3) arid this charlcterstic often
makes thrn difficult to drive a ltht , . ,..... 1. 0 * N 0.00 .0

vehicle oter arid vet,* difficulties during
compaction They occur frequently in a
loose State with low tit situ densities dre S. 02 11 al rI t 10 0S 0A

to the poor pracking of tie uniforrrly --

graded riaterials duposited ir a subjri ll , IF f . 1 .. t ..... l ...

environment 11hey tlherefor, also have a
low allowable tearing cai|)lCity tlcjkse of loesses In-situ dry densities of these certain situations.
the potentially large ti1.iert (toe to sands ranged fronr 1.45 to 1.65 nig/m I
their low dersity arid also if '.ial cenient Shear box tests on disturbed sanips Active Windblown Sands. Problems
ation is presnrit tfw poslt)l, nofltps,, of gave an angle of internal friction of dlie to wind erosion of ermbankments arid
tfre ni'iter-il uitur lo nl T hrforir 31L

' 
for a maximurn density of 1.62 the migration of dunes and sand drifts

density chara r;iislics in Oie suh-r.idit irg/m arid 260 for tire loosest state of can be common. Sand is generally moved
arid under sirrictuse is rrisipcrtint, iI 1.2 rng. rn0 Cedorneter tests carried out by saltatiori and to a lesser eytnt by
ally In depth Figure 5 is of te"tI p I' lo or undisturbed "samprles at natural srispension. creep arid gravity. The study
typical zone IV sands front L,hya id noisture contents gave coefficiert of of sand movements, dune patterns arrd so
illustratet, som of tie Cominii Shii'ritlL. v.lumioe conpressirility Inrl) irr tfr ranqe on is tro big a subject to comprels
istics The sands re iiforouly gratId ili 0 00 to 0 014cm:','kq at a loading of I adellately here but Cooke and Warren
tie fine 5.ord rigje with sIt cOntrrts kp,:rlJ SettleerrinrtS at rtis lnadirEi] were 11973) l e a most readable arid corn-
from C 10 per cnt bv.-ight aint rufll Iri 1i1 ie range 04 to 1 5 per cent bt at1 pueherisi e account. Duno niovernents
sand 0 15 per cent UnJorruty cotfici k. l crri2 Ovirill settlrment dling tti....1I carn tie largely predictable and therefore
eels of t1lr :ir i, i .t iofrorn 1 15 pier ire:ir);ei( tr een 1 2 to 2.2 per cent. ivoidance of rmohile dunr fielts (viz.
cent to I ,'l ; ir r rl t, iirvi tiei W .ttung of the- s;rniples it This load farnilies of uarcharis or si (triUrres Mtitch

Lnlforni It,,ll hr.-' elf1..111 511 "I". Of iuausdl approirrrdtely iinotti r 2 pur -int ordy nove sly, oee metre a ronh don
tfle 1rralt 10 t,,-r c-ilt in iilrtr, l;i nietact tilh settlerient Metastalrl.- sittl,- v rll fry choait, of alignmerrt, if possible
vas frori 0 0l; 1 lril. a iii ; ., sj ienit Y o,', iOiA ived even on lodinIii s l nitiy ire the best solution Recorii sars1riic
only i iii rirril! Cr( ' it.1 . X., il thi lr 0 75 'cri

2  
investigationis includiritJ study of satllhte

dry sH :"io ,I i I h /)""' jril '. I"". U tiry '.iriitdS ly coimpa.t r-!,su)uirlily inlarefy ard corverrtlondl ir thiro inter 235
onj' srrii . ffe'lr ,ii , 2-. 1 , , ! il ;1t1.- veil ,-o iti Vl)'atirr q eqiti )tpli-ii ti1 , il fiUl preh.itloi aie tli tr-fore no-t liS fll to
cecliilittjr ',l .i-. tv i.,iS fr ' J1 fleld tril, tI g1,t Otltlrr1UIT C0ilid:.iion 1011 dehnelu sand su rce reas. irlltrile anrd

du%. fr l , r;..F"il L ,;ihrlI, be nr- ci;-iry W fuei the siri(l, ar, ted d(ead dune cnnmitis. rit ant uric
CrvrTilt,1 F11 11 %i ", CIW .r , I 1., d'; fill e en Shljlit a~ijustrniertt to thw t1ori if advirice If crossirv sirhji l dtines
pris -nt r- .. . r... ,l- 't hn FluJre 5 flo+ivy ri,',l CiiVire of truer+ i ii rr..il a .. i s ISi tJldsOllhleIu' thuy carl bo: surfcirsfii'l

Proctor t, t t, * a ,I , vi i or til, d,tling of silt or Yrriv-l Cii hlivU inrno ilizeit by I variety of w'ays d ;;r(i
rM1 ,ir' Mi '!, -1-.ri +l-, ,;.: I ii5 to 19 tgnlficint .nritroverrlit tI0 lh.1 C,)liliAc nil on ciurciiistLrces Table 5 noidlfled

ig in a. ,' rl i.',r;lr (' lt S ri t .111111 lIon plirffoni orlr of the rritr,ai t.iiriJ after Kerr aind NlJra (1952) 5rrlirlirlSl5
from 7 5 To 11 I"'r (-+nt Ur"':,. , I ('f1ill and rilling in thin conrollil lft. help;' sorre possltrlhtes
vae, n , . ..not prodcle fiiiii ll., and i d fill *.rr:t lr)6. A ILvel rad wIll rer:iive a liver of sairndf
rang riq frI3,r . 3 1 . 1:r 1 l 3 3ileli nirivi; crl be c+rristrtict,-rl with the oiver thle leevwmrt slb lu ng rt J rnir<l .%irl

rcsiitl; el Itn In N i , :'lt r~lr - t. ); 'L. S irldfr ,ornes if a rrolie %tlt 2 to jitinil coridtrls Tfih layer ill ir t1 lr n anI v,:I
CEl'S 1 n l. k tn .s 0 ,-I

'
. I A ,jin field and laborior ordis irer prrlriably riot .irpede hrfii r, v ven if they

0- 1"' ["',r , - i .lri strlinll reu:orirrrririitid e -l.r Ctrlidtirlt. on Fori- itit elillipoed with higfh pressir tyrl.s
rlosl if, it". r . -.% ;:,' r cor"!: T It,! 4 lo w biint ca;,a'ltv s.1nd . p'llf~t y le r e W t rl d of ttre o)po"iti dirl-¢tl

g(v3 5 a ! , 1 ( .l.:j' nticissriy ard recerntly vi)ro flcrillrn ar1d 1 )(:1li5lr the thin layI r of s1nd1 Viil shIft to
T h-!rn. l l,, f w'--il-. v..rl-f dynamic c(nrip.ictlor tarel.5 . the t- otlher s1rte of tfrie roart A cro.ri lo in(,

IIi) ;ie l ;it I niurl.,1 0,1" I --.. ( I If r reporte(J to hove hnri u'wil l st(ire,, ri d will agg-vitr thie down Vwind 5Iie

ent l.): ,tlhnrli j, i I jI i'll i Snall platle cirrin( tsti s call be a v,,il tcrornrtlatr',s iAnd for this reason the
0 1,1t i I r,,t rn Ct' %It in ir t tl e dIlii qui to setili ent chir,]crnrlrlr;s in cro,.n should be kept to a nrir rurn

LeaLhlrig of f ali Il l ii 
1
i,, I/ fitl isi ' I ,Ictlrict on Or a feclent/y Loss n fIns frot enr/ o lli;,rf reset fill rec/ arnerd turd y vave

placerd crusrty Aruho,/r iGu7l actloo Atah in Gulf
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Compendium 9 Text 9

Ideally for dune areas flat roads are to be Treble 5 - Obecttve aid Methods of Dune and
preferred but the embankment should be Dnts Sane "onirol
gently founded at the shoulder break
point. OJ ECTIVES

Unbanked. single-line roads on elevated
grades are generally self-cleaning and do
not usually present a serious problem by 1. The destruction or stabdiiatlon of wind blown sand
drifting sand. They are. however, vulner- accumulations in order to prevent further migration and
able to migrating dune masses. Banked "n'oChment.
horizontal curves are troublesome and 2. The diversion of wind blown sand around works requiringprotection,

vulnerable to drifting sand, if the wind 3. Stoppine sand movement in front of the works to be protected
first impinges on the high side of the 4. Aiding @and naovement in ordr to avoid denposition over a
bank. The high windward side will remain specific location, especially by urface smooLtlung and
exposed but the lo-w.-er leeward lide will obstacle removal
receive a deposit of sand, the depth of
whi depend, on the arnouni of super- l i tlitt
elevation of the windward, side. Curves ihe Above obecctiveb are actirnwd by the out of one or tiort types of surface
should. therefore, have as long a radius as modification. Potentiiiy tmore attractive rietot-ds flrbt.
possible ,nd banking should be held to a i. Alirn route up'aind of sand source to avoid mtajor dune fields.
minimum. 2. Oilirir involves the covering of %ind blown materils with a suitable oil product

Cuts can be erious problems and (e.g. hlgh gravity penetratrig il) otuch athbi.ls the treated surfare and
probably ti best rermedy is to build may de.troy dune forms. Often a qiuck, cheap and effective method.
impounding fences up-wind from the cut, . enci tle use of relAttvely ;-}rous barriers to stop or divert sand movement
stabilise the sand letven the cut and the or destroy or stabilisnt dunn,. Cheap. portable and eApetidable structures
fenrice ITyte 5I arid thin increlss he ~are uitable losing, fur etample . palm fronds, Lhicken wire or snow fencl g).feneih o(Table 5)~;( an h rris2 tose l 4. Pl.anting of appiroplriate vegetation designed to stup or reluse sand niovement,height of thie ferC' vhervvr if loses its b.nd surface iand and provide surlace p:oitecioti. Lharly staieu of control may
trapping efficiency require planting or satid stilling plants (e.g. Aro tt phtla areraria (beach

It is irip,)rl,int to remove all obstruc- grase), prtitection of surfacr le. g. by inoli ilg), seeding, and systematic
tiOns up wind 'toni tie road Any creation of surface orranr,c natrer. it:ngs permanent ard attractive,
obstruction wil cajse a drit strfeam to but esperi~ive to inatal alti .nidtain ,
develop do,ne..,wd It is not uncormmon 5. P iirt', is desired to Incre-c tie %altation ioefticient of Aind transported
for these dintls to tie 2) tirlts the htipht r-te r-ta by smoothing or hard- rface a rnlt 'li' v Irel aria, thui proinoting
Of the o istict fn A latr~jr tJLi 'th a m etre sand tuvrarion and preerintlc ; its acru tnOating at utid-.s rable %item.
high may sirtj out a streamner 35 mr es Often uoei dowlnind of reftiirg w er- w id is .o"tlen of ne di ent, and
long A hunlirock of eauth or a rock. a few J,.4tin pre ntr its re-ch-rge. avci ti-a-i be -'ji concrete, asprnalt or wind.

stable a.grg tes 1,. g. v ,i-d -t k mor igravel).
cerimelrfes njl at irre edge of the road G. Panltniv vbv erectior, ef soid Larrttrl ro tie iinlird a roan to he pttected.can; setnr a flif crojs teslg eth, er to c tof or ti iti'rt ec: sari n ve ritl

t  
(dvletu!.rg 1arj,,-lv on the

The up -v.nil S,, e of th, road fhoilrl a-l1c of the nam er to -uild ,tirec ta . In go ncralo tt.i. rtitnot is ,ri..t.,SfactIory
tlhefiry le Ctit-red off and Smoothed ard eaptive , a thouii it .y.V he ti. fior i-tcer., eir-erg cc icton.

236 wilh a drag rc' a .vidri of at manl ?9 7. Or m lttin re lin', w i, triigovft vit..ial tin-.o -i acrso t n- es-!Myiy
netr's (Ir e.w1n 0. ,ni f if rt3f! buOsies or :teir tytlcl tni u if ha. ePale d n it-hlt., tract 1i. f.uca',lt, n of (it, i. to, f ee
huntitioc.s wIe pr e." nt of -m ' -- lrls' o i - irim -rd !tei of inc 0e ti t.- prtirctcld Aill rprov;d.-

O il s!.!:,J ,ati , n ii!j cent to th, road is terr;o-r.r 't Oi ac or.'-lauc r.

not ttir.... ov u ,,!,, it is ttlsin - to ii. Pt.. l of .';oitrii,: . rarely -u cessfal i i t o:rt ;, .l o, term.
p itven: OCoure I of it r p-id wn,, of
the eShiir i _ ii cou-ing of the up
vwind si-lJ ,f th,: t. t riii ! cul fe rio ,to solution in the qround..atoer aid occuro lt!L ill Britain le cept for coastal
COftriuieot;I t , ;/'i ,',- -J t at/ al)io ith of tt-,se salts arid halts in sei, ,iitnr in rear chlff,,) and Is tlt, r.uitlt of silts crrstallisirig
a hitjl i litrtn r ittl(jT od Crrt<i io ocation can then Ft prbe cipuitatid t in ri' ltii' of the to;. (or concrete
roni. or I;',. .1 Or r !;i;a r l c. bt , e'ne P C iO:tio in any d iric slluatior i tic I Eipajnn.it, forrcs are quickly -e: up
gradi r.g. fr'l. or a thiarat allplhV )o of th.u tfre .,tlter t le Olf tne tany by th ,to.s i of crsta -; or t / differential
liea-,r' iat 13' ,1 e '.,', a",,V s5tr, tt ,O ' 0; difletent ca!ts . rtiaps lh.i con rr,,r.-,,t -L;l., oIll,, tl iri  i, l,. lo. due tO
they at e it O et- Ir e-., than :tl al;)trt 1.e ill-, arit! calciuM SIliftt dey ilo;ht t ,elltti d tluctuations or by
peri trai'li- O Io., a it 'til n 'lteirn sulphate, o t tbirthllte htiratcl ' ieriy'tr.Ittnn cyc:eS with

fatt.rt~i ,, j lilt t it Itt i),iCt ,'itior ' SO!lt,,-n ch)oice arnd trcse can f;e IrTin]illc (tT-)'I ure chahges Therefore.
the ro,r!f it ar2ttI,

, +" 
: n ito h r:j- ilcln:l in a'Tiou-t s Yvyiiig from a iraie to dl.intldirig orr ci llt anu s i ,e5 rock fill,

Destructcu c- ttotii;aticl of tie -,ao t tally lCfo fietr cent, in Mmos
, 

of the! COiei, IJIdr b;ises and sub-bases
duli- can t,, r . ' d if it is CirO.l vor's td," -- ts, Thtrefore it in ai..ar d , ft -t itoi ,; btomen rod surfaces
out w , 10n- ic ttS i, osni hJ lt. ''5 a l.-in0 1S, to t*'f for salts in sois anl in Oiil fca n ,titty dntegrated by soit
hefhti.i.,, nr ?" f', od If fle ' ' irtUU iO is-nut by singt,. n-ts vinotietM witetlr ttfrrt and dcTstess and
allo ed to ityeie!r cilo,,er t-an th. t bi y Pr f'li: . of so hils t-i t it'Idir in faln- can renult !t is iropotiant to noter
ds I itc .t. ; fr:t:ttg h,v I tio o xlloraior t'-:t fioe and thlen fi'ttelt for tMl nurt unbioutd roctis and finety
irriLnotil i, f ' 0 Stt.in trio aid r-n olher p-r is trw rrfart chari- ,iariular tfJitrilas do not stiffer as in a

tri atlt ia ';hr n .ritti'r g'u-.',rt t Cirta ntitiral con!iritlns p 1tod1iol n:'-ne til r d rt eliay r'iriierated In
oildung an ic ,rli f i , ii. .. n ll tuhf if niql stir concenttoti,:n- ifi rrar y ci fliljtdi ~i sail may act as .a

froin it This v,;Ijj cut off on' IV;; (anIo, ar id sirfttciirus roftli 111). Licill -it,nCior
i ti,-tr in lo s t unsurfaced

of ilirn thi .'.i., 
. 

otrier . trr . ia', itt in n i es for Ihen con<:t tions are rnt:in 0  ard toa.d-, (e q Furiet ItI O), Fenzy 1190-Z).
biecorre : nri : 1' i '.n wr-.o ii '..itnnti,l ij at thiIne n." uf grou.; o-.er- Eld ,s . Pu,.- (17W 11

To fie.t-lit 'i'L. of erot, Si+ rt. ni";tnaticr the;e hlttwe t-duotcit to F'ote Jir dirirulroiis conditions for
built w,-lh diill,: "tril. lC . 1., Si, , platy.i, salt playa and salirna in Fi,.ure 63 niirfic-if ro,its dre tl-irefore in sahna and
anrJ!,ts (1 41 arid ttf, tr iol,: nIo o .tri a ano 1T bI, 6 to snoe th,? rttlait run of tr,etre _.iti ia terlins. I e hiit h l n . l r lah!es and
stal iti~ig ttiitt ii coriditiots to tie ,,..itinr tatile To rtiCur h,(gt Slt Co iltrtts, rtnttciliy osficre the

iJrli co it'tJ l f i -e.5 trio id F;eI rfLo isl be itttf the sabkha, the cottal kcial aglj :fte)lvs arte frifiht ard porous
discourt.;-f fiiiri . .. ti,r.ll. u. , , it,, n to lrt itrIto to tie Salina (e rj toni: s,rtiitorie-s, sorn. iii,_slones,
exit,ing d,..,ett Srltlci i.ioi i if fitr ro i Salts, enpec, lih the sullif.att.". cani chalks. .'Ueath ' d lnvous rocks)
as :t cou

t
d dentr- aty ilxlstirlq rlatr plysicaliy dsintlerale rocks (and a Ere. Enginel -nt oloris to t Ci conditons

thin (crust or SpitnSl II.ri, liog ottJ,.tton gles. blactopi and cOnct),ll, O ;p-,tly ire by te ,.'oi- taric! off th t e areas by
which itt turn CnLj-I hr, if to sand rc:it tthe trose -ith lieht poru.ltieS, by a val itit of route a:igf'ttriont ta w lo the road on fine
road bi:l 1  rioft.,, ,d fi', tI, vrritd methods This attack occurs cotitrionly fill ernto ltr I ts of lo.'-, i J rtr ility It e

Silty Soils Sait, frort local bidfiocls and is a natural foirr of vt.;itirieing V.hich lot a low ipillury frel. use of tVert aggre-
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Compendium 9 Text 9
Meters to many Kilornoetrs

ghtes for the kse (i.e. stone of low
percentage loss tc :he ASTM weathering Ilodo t Seevel
test C88, high SG, low porosity) and with
a dense, thick asphalt or bituminous
wearing course. In critical situations use S
of an impermeable membrane to act as a ABKHA
positive cut off at. say, the top of thE
formation, can be considered to reduce
moisture movement or use of a bitumen/
sand mix as a low permeability carpet or
by bituminous soil stabilisation. In thin
constructions, for example Jet efflux areas
round runways, or-pedestrian pavements, atfe
surfaces can heave up, by salt blisters D r porar Lake flood water

sry ilt cla crust- - - - -
forming underffie blacktop which quite
quickly (within'months) can rupture and PLAYA L ow . . .
disintegrate. Salty soils (salina or sabkha i I tll 1 ; I I 1,1,1. ! , , ,, II L° w water table
material) as fill for surfaced roads should . . -a 3 ml
therefore only be used after careful
laboratory and field examinstion and
preferably after long term trials. Acid soils
and salt concentrations of greater than Temporary Lake
0.05 per cent sulphates and 0.5 per cent Drmoay s a kcrust ___Salty flood water
chlorides are reported to be harmful. For D sy
discussionseeWeinertand Clause 119671 SALT 7 . ' ,, ,, ,, I F
and Weinert (1964). PLAYA. " " "" ' Lowwater table

Concrete is also attacked by physical ,31ntlljllltIjll ,,l, |tltlIT - -
salt weathering mechanisms as well as by
classical "sulphate" chemical attack.
Therefore wrious consideration must be
given to protection or concrete structures
in salty areas. For discussion of concret.
Ing in desert areas see Fookes and Collis I 'Damp salty crust
(19751a)&lbll and 11976). SALINA .,,, High water table
Land reclaimed by fill of sandy material .. ,. - "|

may quickly turn into a salina, ie. develop " F " " ISIS')

a salty crust, if it has a high water table. (At.s , a c., ars,}

The new land will, therefore, suffer from Fig,6 Idealised cross-sections of sabkha, playa, salt plays and saline terrain. Zone IV,
the same disadvantages as natural salinas, (see also Table 61 237
For further discussion see Fookes and simplified to two principal forms, crystals and crates, a natural concrete, a
Collis (1976). Durlcrusts. A general Crusts, a weak layer up to tens of hardening of rock surfaces, can be
term for a variety of surface materials centimetres thick overlying a desert soil, hundreds of centimetres thick, e,g,
which for engineering purposes can be e.g. a gypcrust is formed of gypsum calcrete is formed by precipitation of

Table 6 . Some specific salty soil types in zone IV and
their engineering significance.

Name Terrain Ground water table Salts Special significance Construction technique

;ABKHA Coastal fnat. Very near the surface Thick surface salt crusts Generally aggressive Carefuly investigate. Con.
inundated by sea from evaporating sea to all typos of found. sider tanicdng concrete
water either brines. Salts usually stlons by salt weather. foundations; using Si
tidally or during Include carbonates. ing of stone and con- cement. For surfaced roads
exceptional sulphates, chlorides crete and/or sulphate consider us ng inert aggre.
floods, and others, attack on cement bound gate, caplla ry break layer

materials. Evaluate or positive cut-off below
bearing capability. sub-bases. Use as fill sus.

pect. May not be deleter.
I_ inus to unsurfaced roads.

PL.AYA Inland, shaUow, lo deep for the capil. None If temporary Non.speclal. Ground
centrally drain- lary moisture zone to lake is of salt free surface may be aUt/ Non-special.
ing basin - of reach the ground sur. water, clay or coverad by
any sire, face but area will be windblown sands,

a temporary lake Evaluate bearing
during oods,. capablity.

SALT As Playa As Above Surface salt deposits Can be sulghtly to mod. As Sabkha,
PLAYA but often but lake of salty from evaporating erately aggresive to all

smaller than water temporary salty lake types of foundations by
plays, water. Salts usually salt weathering and Sul.

include chIorides and phate satack. More
sometimes nitrates, severe near water
sulphates and 'rarbon. tabi..

LINA As Playa Near surface: capili. Surface crusts from Can be slightly to As Sabkha.

ary moisture zone evaporating salty exceptionally aggress.
from salty ground. groundwater. Salts lve to aU types of
water can reach the Include carbonates foundations by salt
surface, and many others, weathering and

______________ _________________ ____________________ sulp~hate atta~ck. ______________

(After Fookes & Collis 197SCO)'
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Compendium 9 Text 9

calcium carbonate; silicrete from precipi.
tation of silica, ferrocrete of Iron and so Table 7 Comparison of Desert Surface Types by Plan Area
on. These duricrusts are quite common In
zone IV and in wadis and on rock
outcrops in other zones. There are many
variations on this general thenra and each Geographical Zone Likely Oc- Sahara Libyan Arabia South
situation requires its own Investigation. currence Desert estern
However, a few generalisations can be commonest U.S.made for highway engineering purposes. In engineer-

Friable, soft or damp crusts may ing zone.
indicate the presence of a fairly high
water table, they may be made of salts
particularly aggressive to rocks and Desert mountains 1 43% 30% 4'7% 38.1%
concrete. Their use as. fill, and their
bearing characeiristici'are huite variable Volcanic cones " 3 1 2 0 0. 2
depending on the local circumstances and fields
and, therefore, they should always be
Investigated, Some crusts are advantag. Badlands and I/U 2 8 1 2.6
eous both as fill and in bearing capacity.
Some are the opposite. Many are salty, subdued badlands

Crates are much harder and often make
good borrow materials for aggregate but, WVadis 1/11/l 1 1 1 3.6
and this is especially true for concrete
aggregates, they must be carefully Fans U 1 1 4 31.4.
evaluated first from both a mechanical
and chemical standpoint. Underneath its Bedrock 11/111 10 6 1 0.7.
case.hardened surface the rock tends to pavements
be more porous and friable and therefore
a simple visual examination of the surface
is often quite misleading and is not Regions bordering H/IU/ IV 1 3 1 1.2
adequate to make judgements on whether througjflowing
to open as a quarry, rip out a cutting or r'v. r .,.
use as a load bearing strata. A drilling
investigation is required. Desert flats 1I/IV 10 18 1& -10. 5

Some hard duricrust surfaces are
dissected or nodular in character and Playas and IV I I 1 1.
intermixed with the hard material are salinas
sands and silts depcsirtd from wind or
frorn rare rainwater flows. Winning this Sand dbnes IV 28 22 26 0. 6surface can present an attractive proposi. I - -238 tion as it is often easily rippable. The as- 1000 1000 100 0
loaded material is thus a mix of silt/sand g 100.
and ripped nodular rock., which can be
quite gap graded (see 'desert fill' grading
Figure 31, Care, therefore, has to be Rendel, Palmer Et Tritton. Consulting 191 Fookes, P,G. and Knill, JL. 1969.
taken, when placing this mixed material Engineers, London and Dr. D. Brunsdon The app..ation of engineering geology in
as fill, to ensure good compaction. If it is of Kings College, London University. the regional development of Northern andused for causeway construction especial Central Iran. Eng. Geol. Vol.3 p.81.120.care has to be taken over its grading REFERENCES (10) Fumet, P. 1960. Roadways made of
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OBSERVATIONS ON THE CAUSES OF BRIDGE DAMAGE
IN PENNSYLVANIA AND NEW YORK
DUE TO HURRICANE AGNES
Charles L. O'Donnell. Office of Engineering and Traffic Operations,

Federal li ghw ay Ad~lnin ist ra tion

This paper evduats the performance of bridges subjected to a major flood,
determines the adequacy of design standards based on bridge performance,
and reconm mends revisions to design standards where inadequacies are
apparent. hurricanie Agnes caused severe flooding in Pennsylvania and
New York, and several bridges and highways that were damaged by the
fl o ds in those sttltats art. discussed. The two major causes of bridge dam-
age(' Wt'r Sti )Ul" [ it btmtt ent:s iUil piers and impacting debris.

.11Ut:RRICANE AGNES spawne:d tit( floods of June 1972, which have been called the
gr'atest iatural disastt.r ill the history of the United States. Its impact on certain
ar,-as (of tIh, Northet.ast may require severad years to eradicate. Although many of the

bridges in ennsylvania and New York were damatged extensively or destroyed, most
sur'vivt.d uld sm)ll w .I1'u l' ' cl to traffic tfter underg(oin t necessary repairs and

A ftw lciitul, it less fortunattt particularly those struck by large amounts of
curr.nt-drive JIi- llld others that were. subjeCte(l to extensive scour behind and be-
niea.ith their thutllolnts 'ieud it their piers. The bridge damage, however, seems remark- 241
tbly slighIt in rclatioln tlh. totial number of bridges involved anid tile unprecedented
flows. In those, situat iuls iyvolving,, large, streams in northeastern Pennsylvania and

the sout hwrn tic-r area o f Ntew Y(ork, flows exceedd the largest previously experienced
flods by a wid mitrgin . Fo.r examiple, the June 1972 flood discharge of tile Susque-
litma Riv,.r at Wilk.s HIarrc, l.nus lvui a, was approximately 1.5 tinns the magni-
tud(' oif prf.vi us historic flouuds ,, which occurred in March 1815 :unld March 1936. Al -

thoLgh thei ,od fr1qu)nc of til. Susquelh-ina's peak discharge during this record-
bruaking flood has not been definitely established, all of the experts seem to agree that
the reclrr(nce inte'rvl is substaltiadly greater tham 100 years. In New York, the rie-
currunce ilntervals of tht- fl(oding ,also aro. much greater than 100 years at mealy sites.

Although th, tunt. 1972 flood wats a rmaximum Iof record, many bridges survived the

flood with little if any damage. These bridges were of particular interest because they
idbviously have features that enabled the structures to survive a severe test. The out-
s1aldtingl,, )rf (riance of these structures is a )ositiv- indication (f features that con-
stitute desirabil( Cesign standards. The case histry approach is used to discuss a few
of[ the, inst rvealing situations that were (lic(write red as they relate to the causes of

bridge dantiage.

DE BRIS

Thlt most obviouS cause of danagei, was waterborne debris that struck the bridges
and collected on tile superstructures and piers, its shown ill Figure 1. fl ven in the ab-
selce of structural dam age, debris reno val al one was costly. At one i location involving
a major structuret More thal 1,400 ft l(g on tl Su.quehauia River in Pennsylvania,
personnel of the Pennsylvania Dep)artment of Transportation and the Federal Highway
Administration estiniated that the cost of debris re:.oval from the bridge deck, piers,
and superstructure would approach $ 80,000.

20
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Inspection of several steel bridge spans that had been carried away by the flood-
weaters indicated that the force of the impacting debris, in addition to, or in combination
with, the pressure of the flowing water on tile lodged debris, was largely responsible
for tis type of damage. In several instances, large portions of the piers were ripped
away when tile spans were dislodged from their supports. Stone piers or combination
stone and concrete piers supporting niultispan structures seemed to be particularly vul-
nerable. Considerabl. cracking of the pier caps also was noted, as the example shown
in Figure 2 indicates.

Simply supported spans seemed to be most vulnerable to tile dynamic forces produced
by floodwaters and impacting debris. Bearing devices at the piers apparently did not
resist tile laterl forces that developed. In contrast, multispan stone and concrete arch
bridges (Fig. 3) seemed to withstand these forces best, probably because of the conti-
nuity at the piers afforded by this type of construction.

In some cases it appeared that debris completely blocked the bridge openings and
caused tile :dready swollen river to increase further and inundate upstream areas. As
the floodwaters progressively increased in depth, they eventually were able to overtop
the bridge or its approaches. This resulted in many highway wash)uts and large
anmunts of damtgt to highway pavement that might not have occurred if the full ca-
pacity of tit bridge opeling anid the river channels had been used. Adequate provisionfor highway -emnlkmIent overflow prevented the destruction of many bridges.

In severd instances, overflow sections provided an effective means of reducing the
high potential ford,.bris danlag( At st roctu'es where heavy de)osits of dr ift accullulated,
chjggd tile bridge dening, ui lvented the full hydraulic capacity of tile waterway
area from being used effectively. Tile relief provided by overflow reduced the pressure
of the flow ing water on the debris lodged in the bridge openings, which resulted in less
structuri damage than would have occurred otherwise. Some of tile drift was conveyed242 over tin roadway at tile overflow sections, bypassing tile bridges entirely, without being
forced to en tt r the blridge openings. It was apparent that a judicious provision for over-
flow can appreciably reduce the structurd damage caused by tile impact of debris.

Reinforced concret.: piers at the newer bridges developed a greater resistace to
cracking thx the unreinforced concrete, stone, or combination stone and concrete piers
of the older bridges. The only exception, in this regard, was the old multisian s'one
arch bridg,_.s, which proved to be extremely damiage-resistant. The suoririt, of re-
inforced concrete over unreinforced concrete as a construction material fo!' piurs was
clearly evident.

One victxin of debris was tile James Street bridge at North Towanda, Pennsylvania.
It was rep(rted that the steel bracing of the trusses that supported the roadway deck
was struck by at least one house trailer, possibly several buildings, a large amount of
debris, aid a variety if flood trash that collected on tixe vertical members and chords.
Figure ,Ia shows conditioxs near the east abutment during the height of tile flood. Note
the large deflectionis of the vertical members of the upstream truss under the combined
forces exerted by the flowing water and debris. Figure 4b shows the deflection of some
of the ienibers of tle downstream truss under similar conditions. Both photographs
were taken just before failure. A close examination of Figure 4b seems to indicate
that at least two fit(t icd members had been sheared from tixe lower chord of the truss
under the action of tile dynamic forces. Also note the deflection of the guardrail on the
(heck, which further indicates tile forces on the bridge.

SCOUR
Scour at bri(tge abutmixents and piers was the second moat obvious cause of damage.

In many cases, the scour that occurred around bridge piers was amplified by the debris
that collected on the piers. The debris increased the turbulence of the floodwater,
which further increased the tendency to scour.

Nort h St reet I rid , at Wilkes :r 1 '_e, Pe.nxs xl,'uiia

With the exception of its end spans, the North Street bridge at Wilkes Barre, Penn-
sylvania, was total destroyed. The piers tipped because of scour :uid, in some cases,
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Figure 1. Debris deposited Figure 2. Cracked pier cap on Figure 3. Arch bridges, such as the Market Street
on bridge by floodwaters. Towanda Creok bridge in Powell, Penn. bridge in Wilkes Barre, Penn., were most

damage-resistant.

i-, ( .- ' -.. ' . . ,,i. 1

Figure 4. Large deflection of (a) the upstream
truss and (b) the downstream truss of the James
Street bridge in North Towanda, Penn.

243

Figure 5. Post-flocd remnants of the James Street Figure 6. Exposed piling and undermined
bridge, abutment of Chemung River bridge.

4W'
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completely fell over. This bridge was constructed many years ago, and the details ofits substructure design are unknown. It was reported that some of the piers, but not
all, had been supported by timber piling. The City of Wilkes Barre is underlain by
numerous coal mines that reportedly have undergone subsidence in recent years. Minesare known to be locat',-d under the river at the bridge site.

James Street Bridge at North Towanda, Pennsylvania . . .

The James Street bridge at North Towanda, Pennsylvania, which fell victim to debris
also, was adversely affected by scour. After the Susquehanna's flow had subsided suf-
ficiently, the Pennsylvania Department of Transportation wisely arranged for an under-
water inspection of this structure. The following remarks are excerpted from the
diver's report:

Pier No, 7 can best be described as being supported by its own Inertia. With the exception of
a small area of not over 20 sq ft at the downstream left corner [downstream is toward the left in
Figure 5), there is no ground support for the pier, The undercut at the upstream end is 40 in. high.
The pilings, which in 1969 were measured at 10 to 12 in. in diameter, are now eroded to 3 in. in
diameter. At least 2 piles under the upstream nose of the pier have been eroded completely in two.I was able to pass completely under the pier at a point directly below the upstream bridge truss.
In this area the thickest pile measured was 5 in. in diameter. Toward the downstream end a pile
8 in. in diameter was found. I was unable to measure the piles on the interior rows downstream of
the point I passed under the pier, but they felt as if the radius was larger, and the piles were def.
initely less spongy. The se "d and gravel carried in the bed load of the river is effectively eroding
away the wood in the piles.

Bridges on the Chemung River, New York
244 Many bridges in New York State survived the flood principally because their abut-ments were founded on piles. Three excellent examples of abutment scour were ob-

served at bridges on the Chemung River. At the bridge near Lowman, although theabutment footing and a considerable length of piling beneath the footing were exposed
(Fig. 6), the piling retained its load-carrying capability, and the structure remained
in place in spite of the large amount of scour that occurred. With the exception of oneof the abutments of the bridge near Lowman, which will be discussed subsequently in
more detail, none of these structures was protected by spur dikes at the time of theflood. A careful examination of the concrete abutments failed to reveal any indication
of cracking damage or other evidence of structural distress due to differential settle-
ment or abutment rotation. After the abutments were underpinned and the washed-out
sections of the approach embankments were reconstructed, the bridges were reopened.

Tioga River Bridge at Presho, New York
Another interesting situation involved a breaching of the approach embankment behind

one of the abutments at a county bridge on the Tioga River at Presho. Although the foot-ing and approximately 7 ft of piling were exposed (Fig. 7), the underlying pile foundation
retained its supportive capacity ano the abutment remained intact.

A short distance landward from the breach along the approach embankment, a sec-
tion of the highway in a sag vertical curve was overtopped, several hundred feet of pave-
ment were displaced, and the downward slope of the embankment was severely eroded.
Water, cascading over the embankment, fell several feet to the toe of the fill and erodedthe unprotected downstream slope. Although the pavement shofn in Figure 8 was com-
pletely destroyed, the underlying embankment sustained surprisingly little damage.
Field reconnaissance indicated that the floodplain upstream from the damaged highway
carried a large quantity of overbank flow. A section of railroad track owned by Penn
Central crosses the floodplain parallel to the river channel and intersects the highway
within the sag. The trackage also sustained considerable damage (Fig. 8). Extensiverepairs and maintenance were required before either rail or highway service could be
restored.
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Cajusteo River Bridge at Erwins Junction, New York

Another noteworthy example of the effects of scour was provided at a site on the
Canisteo River at Erwins Junction. Figure 9 shows tile location of the dual bridges
(indicated by the circle) and the alignment of US-15. The Canisteo ,iver channel is
located at the extreme south side of a wide valley, at the toe of steeply sloping hills.
When sufficiently high flood stages are experienced, tile bridge opening becomes fully
eccentric in relation to the area occupied by the river and a large quantity of flow is
carried by the floodplain, which is located entirely on tile north bank. As shown in
Figure 9, the Tioga and Canisteo Rivers meet to form the Chemung River, a few thou-
sand feet downstream. When the Tioga discharges a large flow at this confluence, it
is capable of creating backwater at the Canisteo River bridge.

At this location, US-17 borders tie north side of the floodplain, pzaralleling the
Catnisteo River. US-17 is spanned by a grade separation structure about 1,700 ft north
of the Caisteo River bridge at the Erwins Junction interchange. Extensive hydrologic
an.d hydraulic design studies were made at tile time this project was designed. These
studies were used to design the Canisteo River bridge, which survived the flood with
only minor damage to tile north abutment of the upstream structure. During the June
1972 flood, the approach embankment at the north abutment was slightly scoured, and
some material was eroded beneath the abutment footing, exposing about 2 ft of piling
(Fig. 10). In view of the fully eccentric condition that developed and the large quantity
of ove rank flow that reentered the main channel at the bridge opening, it was surpris-
ing mid perhaps fortuitous that the north abutment did not sustain far greater dam age
than thl nilinttl anlount describeLd. The transverse movement of a large overbanlk
flow a ing a highway embankment toward a bridge opening causes substantial embank-
munt scour in the vicinity of the abutment.

Some, relief for the Canisteo River bridge was provided by the grade separation 245
Structure at til interchange of US-15 and US-17 at Erw ins Junction. The overflow at
this intcrch;wge apparently helped to prevent more serious damage at the north abut-
lent of th. Canisteo River bridge. Perhaps the most significant factor in limiting the

scour da:nage at the abutment and in the bridge opening was the presence of a row of
large trees at the edge of the floodplain, parallel to the main clnmnel. This line of

:rees extends upstream from the abutment, along the top of the riverbank, for a con-
siderable distance. 'ris natural feature apparently was extremely effective in prevent-
ing excessive scour damage at the abutment and in the vicinity of the Lridge opening.

In contrast to the mininial damage sustained by the bridge opening, the channel down-
st ream was extensively scoured. The north bank of the channel was lined with a dense
growth (of heavy trees, whereas the south bank was treeless. Bot'i banks were subjected
to lar1ge quantties of overflv. The treeless bauk was severely scoured and required
considerable maintenance. In comparison, the bank with trecs sustained only slight
scour damage because of the stabilizing influence of the heavy overgrowth.

Al thi,u, h the Canisteo River bridge was not overtopped, it wits evident from the high-
w at, r ni.irks on the upstream and downstream sides of the approach embankment at the
bridgev th:lt its entire waterway must have been utilized. This structure survived tile
floodinc, with little damage ald was never closed for repairs.

The s;ituation at the interchange of US-15 and US- 17, just north of the Canisteo River
bridl,, , was somewhat less satisfactory. Its abutments were constructed on spread
foot:ngs. Piles were not used because it was considered extremely unlikely that the

rive r would ever flow through this interchange, and, in addition, an adequate bearing
c apacity for abutinept support was aviailable. It appeared that the high stages in the
Canisteo were increased by backwater caused by the Tioga, and, as a consequence,
US-17 at Erwins Junction interchange was inundated and the interchange structures
were forced to convey a substantial flow. This flow caused a large anount of scour at

the interchange abutments and resulted in substantial damage as shown in Figures 11
and 12. Both abutments were extensively undermined with the scour approximating 3 ft

at some points beneath the footing and extending laterally 10 ft or more from the breast
wall O(f the left abutment. Tile mximum depth of scour at the abutment shown in Fig-
ure 12 was 4'/. to 5 ft. The state department of transportation felt that the structure
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Figure 7. Approximately 7 ft of exposed piling Figure B. Approach damaged by overflow on Tioga
beneath abutment of Tioga River bridge. River bridge.

t .

Figure 9. Location and alignment of highways at bridge site. Canisteo River bridge
is indicated by circle.

4DIDI50N QUADVNAN(LE
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...' .. .. . / ......

Figure 10. Upstream view of scoured bridge abutment Figure 11. Timber cribbing supporting US-17
and approximately 2 ft of exposed piling on Canisteo interchange bridge until abutments could be
River bridge. underpinned.

• .tt,
If,. , I " . ,,, /:
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Figure 1.. Scour beneath and behind abutments on Figure 13. Settlement due to scour on Chemung River
US-15 interchange bridge, bridge in Elmira, N.Y.

. ~7. 22

Figure 14. Rockfill spur dike near Susquehanna River Figure 15. Post-flood condition of floodplain
bridge in Nanticoke, Penn., during 1964 flood, between abutment and adjacent pier of

Susquehanna bridge.

247

Figure 16. Remnants of earihfill spur dike near Figure 17. Enlarged scour hole upstrotm from
Chemung River bridge near Lowman, N.Y. Chemung River bridge in Waverly, N.Y.
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Survived becaus til th steel Superstructure prevented collapse. The structure was
closed to traffic and bracted by timber cribbing until the footings could be underpinned.

Tilt situation provided a striking exam ple of the importance of hydraulic and hydro-
logic coils ide rat ions ill highway design. IHere were two modern bridges on the same
highway suparattd llv only .1 few hundred feet Of roadway embankment. Both structures
were designteld to tl, m sm high st ruCturL iUld l getinietric standards. The major differ-
ence was that th Cuiscthi liivter bridgt2 was dthsi gnd to convey "hydraulic traffic" as
well aLS Velb iCUL1atr raffic. It pe rformeld well :uid suffered only minor dailage. Ini coil-
trast till Erwins .Functiol interchanlte bridge, was not designed to convey river flow; its
function was to carly vehicular traffiC only.

CiuenunIB ' River Bridgi. at Elmira, New York

Ill ti j. it. .v..re i tle albutil-Ilts ei't. set hack from the edge of the min channel,
it %ias n(it, d that i pier ,oftt- was located near or iat the top of thu bank where the main
charnel ard fliidpd1in o1rre . [niortunat:.lv a picr in this location a)petared to be tl
nliSt xuli .111, if all t. sciomr. Figure 1:1 SiiWs a pier located near tile edge of a river
cillli.'l. T'I St ruttur.. SIll.S till CilenluIlIg' Rive.r at ElInira, New York. As shown in
tll' fig' , thl. pi, r plhtl;'d lit') the ri'.'rivbd 1 aS rlsult if Scour iIld SLbsequielt set-
tlti,.nit . l'il l i iltl tly IOll,,tci a r. ,,uIl if dit:hris, which llay have in-citru sd th, ,illUI ,on 'l (.(Ul. It is siglific;lnt that till. Structllr is contilluouS :it the
pier. In tiit, aIuth)r's (ij)illitIl tiL, fIature, WLa lilrgely resjiinsiblt, for supporting the
lbrid,.c liltil it C(illd 1W ,lde(tUuatl ,y o ira'ed, thrleIv t)reventillg collapse or serious dam-

tag t, till 5i , 'Strl tu lld ti ti1 ll ' i s (if .'-11 ir iaild settlelllt.,it (if the pier. The
bent fits if 1(0l il 1iti ill hrid , i . ' ttir,.. w .l't. c ,.,rly (iilili,-llstrated her e.

248 Susqtllihalll li .r Dlhidg at, i Nant ii)k., PtiiiisI .tulia

In til tarl 9IThO,, It 300-ft riwai:fil! spur di't. wais constructd at an abutment of a
bridg. in ih SthSutitll.ilia Ri\'if at A Nanitici)ke, lllnsylvalli, aifter scour underninled
aii aiut ili1lilt alld lIJl(' ,ll ipirs. Fiture 1H shows ti spur dike during the March 1964
fl, ll(o th1) t('ti ti t (',ldn iti,lIS that tXist(.d l l "r the dike 's utstre.ll till where tithe
oVeliajt:i] f!i,' rtillt i tt Illl 'till c'illIltI. A Ci pllip.iristn (if the scour after two floods,
i)4ti1 Itfiot. nd lft I tin' dil.i's Cilrlstrtuctiin ihbut priojr to thu June, 1972 flood, indicated
thait tht. dike. lad ht'i'll ,.ffectiv,. ill iirrstillg til' scour. D iiluri th flord of tune 1972,
tht (lik was v ev(rtoiptt(.d y)\ alut :3 ft (if wittcr, and its effectiveness in controllillg scour
tlIld.r Su (I t ii v .rs,. C (1,ditills w 1 s1Vtyri y t 'st,_. d. Thc dike renlilli'd ilitact and i was
renllarkiil ' (fflctiV' (itliilli' illIe .tllt. 1972 flood.

W1t.ll tilt, (lik, ,%as ex ililtied l "th e flliii( , thl.re was little evidence, of sc)ur other
thiul a sin.1l, sliJItiy ,r it:i ' lil nel" tilt. tlj)strell till (if thue dike where a minor
,ar1iltitlli (if ,,.itut tin ; as I'thl i, v the floodwittr. There was; no apparent daniaige
idillg til ft:ii.lli(.l' (] ,tite (if tll, dik,. .igcu-L 15 shows tile ;ireai directly under the
bridte,, iar ilte itutltIlt, N(te tile sial tree-s growig in, tle arel between the pier
anud tile abutilllt. . B.(;ius(. thus(.- trees werle not uproittd by the floodwaters it is con-
cluded that little if aly Scour oc(curred ill tills a;re. Prior to the spur dike's instdla-
ti(ill, ti' ,llli 1111 (if sc(iur w(as S, eX t-;iVt' he'r(- tlit tilt iL tillt lit ald adjacent piers
were in gravt, d;ali-oger (]u. t Ul ul(rriellliin,

Aniotilwr sigl1ifictuit factor ill tilt dike's exctllint purforniuice, ill view of the over-
toptiiiti that iiceirrt.d, wi.s tt .,siz( lind weitilt of thil rock that had bieli t-ised ill its Coil-
;'Iu'ltiiilliT iiri. a])witllt.i to be sufficiently milassive, which permitted the fill to
resist tilt distruct iv, effects (if oi' lt pili, ald to wit.lltaIli the !)lItulitially dalliang
currentils thal fl(.t1.d arilld i tilt (iikt,,, ISliscidl iair its ulstreani tip.

Tt:llet 'ud hiivy brusu iliay [ thaa( .ll n1) aruind the spur dike also helped ill
preventil ltiit\':lollllil't til losive vliicitits in lilt-, ivrbank arei adjacent t(o the
splur dike. This cxi plc, illustrates thIlt clearing ald grui)ilibl, 0i)jerationS Shiiuld bW
lilite'd tii thlat par, of tue right-of-way altually n.cesS;iry for the construction, es-
pt.cidly at civ i er 'ss ings. Full I ' vlla 1 r, shlLiti be taken f til aviliile flow r-
tardicni (if tit existigll v.gutitiol. If possibl,,, the trees and ground (otiv- in tile vi-
cinity of lt, tip (if at proposed spur dike should not I.L cleared.
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Chernun_ . iR'ver B .rdVu N ir_Lowman, New York

At a site on tihe Chiemung River near Lowman, New York, a spur dike was constructed
at an ahrutlni -nt to provide scour protection. A small branching channel of the Chemung
reJois tht.- rnln chluuiel near the u!)streanm tip of tile dike. The floodplain upstream
fri or til, l1ride carried a large quartity o)f flow during the June 1972 flood. Although
this earthtill sptur dike WaS overtopped ioud largely Washed away as shown in Figure 16,
the- uI)srt ,l side of the approach embanknient remained intact and survived the flood
with lno applreolt dtiaage to itself (r to tht vege'tation growing on its slopes. Only minor
anI mt s 'Of ers i(ill ocur1re( at this abutment. Ill contrast, the abutne,,i. on tile opposite
rive rbank did 1,t hav , the bnefil of spur-cike protection and wias extensively scoured.
Of tire four Chreniung River bridges discussed in this report, the bridge near Lowman
wis til ()I IIy one with a spur dike at the time of the flood. (Since that time, New York
h 1 ilst ructitd spur dikes :t the tbutnents of three of the four Chemung River bridges
refeIred too.) The dlaged spur dike was replaced at a fraction of the cost of a new
struetUr:, aid ro-cnsltructiti was accomplished with a minimum of traffic interruption.
A ntw spm:r dik,. :also, wa., installed t the aIbutnlent that had been severely scoured (5).

Clrrninrm HRiV' ,ir.lriria',C atVaverly New:,,- York

At ,uothcr ocDalion , tilt Chenung River at Waverly, New York, the floodplain on
tht. w,.st buink upstrteaol froi the hridge is st'veral thousand feet wide antd was inundated
to a dept h in exct-ss iof G ft. A Spur dik,- wo uld have provided an extra measure of safety
ag.untl thI ,i issiiiiit v of Scour d.tagt, but its absence did not result in damage to the
wtest ;abutnroot in this inrstanc,.. Acc c'ding to the New York DOT, there was leEs debris
at his sitti tiol it the )t lliir Ciii niung sites, t-id the west abutmeirt was afforded some
pr,)te(ctiil h% its (,cati(in, which is on thu inside of at gentle bend in the river. Note
til, extensiv,.( sr' ,:' ,i: shon inl Figure 17, at the riverbmuk where the floodplain and 249
river channl. jJill, upstream from tihe abut mernt. Tire embankment was intact and un -
danllagUid ill tlL vicinity of tire ibutinerte. Because of the tio)migrapliy of the floodplain, a
lIarg( - powtitmi of tIre It .rbank fliiw apparently reentered tile niaini chluel :at a depression
some distance upstrean. A scour hole ,of much smaller dinensions had existed at this
depression for sevird y'ars. The June 1972 flood simply enlarged the existing scour
hide. The rn;ust iXtensive dianiag, to tire bridge occurred at tihe abutment on tire op-
lpIsite blRlrk %vht.rt rrmire tL.nr 5 ft (of sCour ticcurred beltiath ti( footing aid exposed tile
piling. llec'c.'ls til. flo(odplain i.s practically nonetxistent (un tire east ';ide of tire river,
a spur dike woul rrt hlavi, itlp,,d hre.

It shirmtrm i1 it Ib. ilift-rr ed frorir this exalrln) e tht i preformed scour hole. upstream
frtll a lriit. .iiautiirmit is sug.gestcd as a nlieitls of protecting tire abutment from scour
due. to ov(.rbak fl1w ior that it is recorllrirertllded in lieu oft a spur dike. Floodoaain to-
pography pl a,,vd a orjor rol,: in detrmining that a lar*ge portion of overbank flow would
enter tle til in r chan,, w. ll upstream from tire structure. In fact, tire location of the
scour huh I. ay trave et deterniend by the tiopography of the floodplain. But, as men-
timiiied revi usl, ,x:t rt, fl(¢oms tend to geierat complex conditions that 'are all but
illipmssihl, t', .ulticipth . tUrfortified naturad features, by themselves, cannot be relied
on1 to alw:'s pr(vid' sufficinyt prof'ection whent rare xd(l unusul conditions are ex-
werinced.

Chtli~li' R tiie .,t Cimelwilli', New York

The quitit- (of se,.l" it ti. ; sit, wi*S urLi.dSU inasmuch as there was much scour
and IuM structurrl lnrl,,,: .it tire w st abutlnent alid its adjacent piers. A large quantity
of iiatt'i il wl. dep(,sit-.d iii this area. The deposit extended downstream from tile
brine- flr ;1 (a ilsiclte .ritl distauce.

lt- ( i. t abutnwit aits ,.t ivl c trid: Approximately 7 or 8 ft of scour oc-
(urred bei.lh It.,. abutnlert fintiig. Also) tir highway approach embankment was
bretch,:d t). hii.! the. butmieint. The hiigiway bridge abutrnent had been connected by a
levee to the. amtnrtlrt of at nearby upstream railroad bridg.e to provide scour protection.
Iourinnt tilt floimi, this levee was ove rtopped ard severely eroded, thereby enabling tire
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floodwaters to scour thL highway bridge abutment. The levee was rebuilt to a substan-
tily highu'r elevation :and riprapped to provide protection against a reoccurrence. At
the hi ghwa,' bridg,: ;lbrut rent , concrete slabs were placed in conjunction with stone rip-
rap to provide sto tt-r p rotection th an could be afforded by stone riprap 'alone.

L -h V'al!,- .y i l tRai! ml rarid-e it Athens, Pennsylvania
FurthuP d,wnstrcaln nr th,, Chemung at the Lehigh V aley Railroad bridge in Athens,

t cii-s vIvani a, anthor ,ex'cellient exanple of abutment scour occurred. It provides fur-
ther cOrrobrtt ,r of a prcvious statement that scour at bridge abutments largely de-
punll,; il th,. degreut: of flow constriction imposed by tile bridge opening. The location
of the bridge and the enihankorent alignment are indicated by circle No. 1 in Figure 18.
rio, east abut ,ent If tis bridge is located at the edge of the riverbank. The railway
ennbul.lt,:nt tiravrss th, flo odpl hn diagOtndly, which causes a large am1ount of over-
bunk flw tf, funnl int,, the bridgi, opening at the east abutment. Turbulence in tile eddy
zone, which result.id from the mixing of the overbank flow with the flow in the main
chaunel, crausd I 1argc scour hole to form upstream. Resulting scour damage is shown
in 19igur, 1 . A spur dikex %(uld have heloed to prevent scour at this abutment.

This lirid.,, 1had a nulnbt.r of aspects that are worthy of comment. It consists of five
sipi)lv su P',rt,.d thrriugh trusses ol stoL' piers and alutments. Tile structure was ob-
vijuslv built M.tllV yetars ag o. To ensure that the structure would stay in place and sur-
vive. tir(. efflect.- ,,f the flod in a structurdly sound and usable condition required that a
fully loadehd freight train be driven onto the bridge to tprovide extra weight, or ballast,
and park(,d (i tht- deck until tiht rampat)ging wters of the Chemung receded. This prob-
aily s:tvod th Ihridc,,b Ntov,,ithelss, the first pier streamward from tire west abutmentexIirincd subsa.di.d ,,tler trt (uring tht flood and was reported to have settled 5 It,250 siniking. virtully strai ,ht do.'. Near the height of tie flood, a standing wave, heavy
turbuhlnc,., anrd .t strongl cI, C"( lt rati or cf flow were obst' rved in the vicinity of the pier
that te.xpr-rinced tht. 5-ft stItl-mu(t. Tais adverst flow condition rriav have been due in
pIrt to tih lt ,, quantity of ov:lbat: flow that entered the river atil tie left abutment,which causc.h tlh fi iW in the ch1urtI to (lcflect toward this pier anid concentrate ill its
vrcinit\.

After th .fi, md, stt.l cribbin was placed artonld tie pier for SUpplort. It was re-
plortt:d thait ill .rttnlpt wa urude to Urtderpiri this pier, but foundation conditions madeit inlpo)ssibl, t( drivt, pile's. Th, bridge is still in us lthough its track profile (Fig.
2W is defl.cted vwrticdlv ih tit, vicinity of the sunken pier. The west autnrent did not
al)l)'.. to .rviv .h n d:am aged.

Anothe.r jintertr.stinrg rsptct (f tile Lehigh Railroad bridge problem is concerned with
tire Iistr'ic flbud profile. at tiw site. Figure 21 shows the water-surface profiles for
sever'd hirstoric flods Of tt. Chii.uLr ' River ilr tie, reach where tire bridge is located.
Tile sharp bre.k i th, slopt. of tihe water-surface profile at the bridge for tire 1946
flood indicatels ilt thi s structure was at least a partial high-water control during tire19416 flodt fo' a sulIstantiid reach of the river upstream from the bridge. Tile sharp
break in slope is indicative of a large increase in flood flov velocity at tire bridge. A
similar cotlditill possibly ,:xisted at tire site during the recent flood and would, in that
event, have berr a significant factor in tilt amount of scour that occurred.

'The locati , of Tizier's 1bridge, indicated by circle No. 2 in Figure 18, is alsoshown in Figure 21. figure 21 shows that this structure was extensively inundated by
the 1946 fltot:d hwever, it w;s totdly destroyed by the Jlune 1972 flood. Debris, scour,
aUod tire extenisive inundation coMbilied to cause tile failure in this case. Tile flood pro-
file s were ust(d ill designing tie bridie openings of tire Chemung River bridges at
Waverly rd near Chicnuag. Their respective locations are indicated in Figure 21 by
the designrti ons I).L. .. W. It. It. Bridge aid proposed bridge site. The damage due tothe June 1972 flooed might have been much greater at both of these structures if the in-
formation provided by the 1936 and 1946 flood profiles had not been taken into account
when tire bridge opentugs were designed. It is noteworthy that tire county highway brodge
located i or mcdi at:I' I. pstreaini froni tire structure designated on the flood profile as the
D. L.& W. 1R. IR. 13ridge, tire Waverly bridge, was totally destroyed by tire June 1972
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Figure 18. Athens, Penn.: Circle No. 1 shows Lehigh Valley Railroad bridge and
approaching track alignment; circle No. 2 shows location of Tozier's Bridge.
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Figure 19. Upstream scour hole, eroded approach Figure 20. Downstream view of Lehigh Valley
embankment, and damaged abutment of Lehigh Valley Railroad bridge showing pier settlement.
Railroad bridge.
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flood. Ilistoric flood profiles are very useful in the design of replacement and new
structures.

Couint Iliwa, I ar_l lein , the Tio a River at Presho New York

lighways thai par;llel streams along tli'e top of a riverbank are vulnerable to under-
mining. One segment of roaidway that parallels the Tioga River along the top of the
riverhkl,: *t MPreslo, New York, was badly damaged by overflow during the June 1972
flood. TIhe streamw ard side of the highway, shown in Figure 22, was extensively under-
rined, hut lhb damage would almost certainly have been far greater if the embankment
s101W hliid rot ieco heavily riprapped. The pavement consisted of 8-in. reinforced con-
cretv with ;, 5-in. aispialt over lay. In one segment, the asphalt overlay was badly
scoure.d ;rd ext)1s'd the concrete, which ill turn was extensively undermined. Tile
dtarn :ge to thl. pare nt appeared to have been caused by trees and other debris that
were carrienl by tt stremn ;is well as by the erosive action of the floodwaters. In sit-
uations such as these, it probably would ie neither possible nor desirable to completely
eliminate ll damage, but a well -protected riverbank bordering the edge of the roadway
in the overt( pped arli caU help to substantially reduce inundation damages.

SUS( 1uetr in RiV e r 13rid it DeWart Pennsylvania

Many of the SusquPIIuura River bridges in Pennsylvania had obviously been designed
with ov.rflow in mind. In checking bridge abutments for scour damage, many situations
we erie' ~uotered wherte 'verflow had occurred at sonic point along the approach road-
w ay efnbxuk in nt lM ta+:h instutice no dam age was sustained by the bridge abutments.
Th'e elllbalkn nlt appr 'aches seemed to hive been intentionally constructed with a slight
dip ill thi r l ongitoct ld profiles to permit overtopping when tile anticipated floodwaters

252 exceeded soi_ pr'deterlllined elevatioll.
Evidentlv Ht concept of using highway embanknient overflow as a means of effectively

conveyint fh d flow was understood and successfully employed by the bridge builders of
yesteryear. Th, wis(lIII of this thinking and the effectiveness of this method in prevent-
ing Scour dalll' it bridi ge abutments were proved mamy times during this flood.

Tir ovtrfl ;w c ocept aiupiareMntly w as used in the desigrn of tire Susqueliari River
crossinig at Dewart, Pennsylvalia. At this site tire highway embankment traverses the
east barik floodprlin on a1 low profile, which graduall y rises to tire bridge. The down-
stream edge. of the ernillrki ent htrac been paved with a concrete apron that was effective
in preventiug scc ur din: ge, ev en though the roadway rad been overtopped by 7 or 8 ft
of falst-flowing, fli 'edwatur. An additional factor was the difference in elevation, several
feet in somre sections, )etw,'eei the crest of tihe pavenient at tire shoulder's edge and tile
dt1Awnrstrr;tlll ti(e ()f the erirtianknent. The overflow section was several hundred feet
I1g ui( 'bviouslv privided cmisicierabie relief for tire bridge during the flood. It ap-
peared that tire tot il absence ()i damage to the structure and its abutments was dire
related to tHit av;ailability of an adequate overflow section, which conveyed drift as
as floodwater. Although it was clear that drift htad struck the bridge, there was ro evi-
dence of darn,, ' st ru ctiud distress. It :dso w;as apparent that tire downstream slopes
of highw ,ty . lurk inI cots t hat are designed for overflow, or that are subject to overtop-
ping, iii ay rtqu ire protection froir debris ;uId scour by paving, riprap, or some c n -
parable type of tdlII.,Stillr, if tire expected debris is heavy and the anticipated dro)
tween tire uPlst reamC :uicd downstream water-surface elevations is large.

Tile pattern of reduced damiage, due to drift :rd scour, where overfhc,., occurred was
relitecd so ',fteo ;it the: bridge situs inn Pentsylvaiia arid New York that sorre considera-
tioll shtmild he give.n tI ncbllrc )jiatit atn overflow prf'visiorn ill the d's;igrr criteria.

OTHER CAUSES
Bridtges that xt,ri, lhwated in. the irr'"imity of bends in river chanrnels also sustained

danrale. In sic c',ss, several sp:urs of nrultisp;ix, sinmply supported bridges were
wasrecd awry because of flow c'ncentrtim ill the chr:u'ioi n'r tire outside of the bend.
The nornurifi or flow distribution contributed to tire faiure of the Susquehanna River
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bridge at Lacyville, Pennsylvania. The bend is located upstream from the structure.
In traversing the bend, the flow tended to concentrate on the east side (outside) of the
channel,. and, as a result, the east-abutment was badly scoured., ,-The bendalso-con-. ......
tributed to a severe debris problem at this site. The two spans that were destroyed
probably were lost because of the combined effects of the bend, scour, and debris.

When the performance of the bridges that had been subjected to the severe condi-
tions was compared, it was evident that those that i.ad been designed and built in ac-
cordance with high structural and geometric design standards generally survived the
flood in better condition than those that had been designed to a lower standard. How-
ever, the June 1972 floods clearly demonstrated that designing to these high standards
alone is not sufficient if essential hydrologic and hydraulic considerations are over-
looked or if inadequate provisions are made to accommodate those considerations.

One bridge designed to low standards is the bridge on Schrader Branch of Towanda
Creek at Powell, Pennsylvania. At this site, a concrete pier was found to be completely
cracked from top to bottom over its entire cross section in the direction of its width
(Fig. 23). In addition the spread footing was completely broken away from the pier
shaft (Fig. 24), which gave It a wedge-shaped appearance. Investigation revealed that
the pier footing apparently had been poured on the riverbed, which is composed of loose,
granular material. It appeared that the weight of the bridge was primarily responsible
for preventing the pier from toppling over. There was no evidence of a pile foundation
beneath the footing. Lacking the support of an adequate foundation and the strength pro-
vided by steel reinforcement, the pier subsequently cracked under the applied forces
and loads. Although it was impossible to determine the extent of the pier damage at-
tributable solely to the June flood, it is likely that the pier was in a weakened condition
before the flood occurred. It was evident that a previous attempt had been made to seal
and grout the crack. This pier was struck by a large amount of debris, which apparently
was traveling at a high velocity at impact. 253

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

It was concluded from the examples cited that a pile foundation of sufficient length
or footings founded at a sufficient depth are needed to avoid abutment or pier failure in
erodible soils. Specifications in design standards giving arbitrary depths of piles for
protection against scour should be avoided. Pile length or depth of spread footings
should be based on the anticipated depth of scour as well as bearing capacity. In this
regard, a designer should not become overly concerned that stub abutments are unduly
scour-prone. A stub abutment is as acceptable as a full-height abutment if the depth of
the foundation is sufficient to provide adequate structural support where extensive scour
occurs. If the depth of the foundation is insufficient, the choice of abutment obviously
is Immaterial.

Another factor that contributed to damage was the location of abutments and piers in
relation to the main river channel. During the field investigation, it was noted re-
peatedly that the amount of scour at bridge abutments and piers within the bridge open-
Ing depended primarily on the amount, of constriction that the bridge opening imposed
on the flood flow. Abutments and . 'i s;w.citioned near the edges of the main channel
generally suffered extensive scour dariap, regardless of geometric shape or construc-
tion material unless they were prc tuct :' 7 spur dikes or the approach embankments
were constructed on a sufficiently. w ,;ar:ile to provide relief as a result of overtopping.

The practice of locating an unprotected pier at the top of a riverbank should be
avoided becau.e a pier at this location Is highly vulnerable to scour. If a pier must
be constructed in this location, the pier shaft should extend well below the anticipated
depth of scour. The outstanding performance of spur dikes during the June 1972 floods
clearly demonstrated that they are one of the most effective means now available for
preventing scour damage to bridge approaches, abutments, and adjacent piers in situ-
ations involving large quantities of overbank flow.

All 45 major bridges in Pennsylvania on the Susquehanna River and its major tribu-
taries upstream from Harrisburg were checked to determine the cause of damage. Of
this number only four were washed out or damaged to the extent that they had to be
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profiles of Chenung River for -
1935, 1936, and 1946 floods. -
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closed to traffic; however, imany others were extensively damaged. (A total of 694
bridges and culverts werte reported damaged or destroyed.) In virtually every case of
reported damnage, debris was either tile primary cause or a significant contributing
factor. Scour at autnl m ts A.od piers was the other major cause of damage. Sonmewhat
surprisingly, perhaps, damage clue to superstructure inundation was riot a significant
factor Unless tt- ilLu(hiLmtlti ias accomp;nied by debris.

Althout,,h thi. ',reatest emphasis in this study waLs placed on Pennsylvaniai's Susque-
h;u-ua bive lrid, gs, severd bridges in Nt.w York State were also included because
they illustrated a number of noteworthy aspects of hydraulic and structural performance.
In cnjun(ctii w ith til t nnsylvai a structures they provided v:d uable insight into the
nature of flod(I-induced bridge daimage.

Only thrt,,t bri.dges on the New York State highway system were reported completely
washed out, but iany others were severely damaged and required extensive repairs be-
fore tht,'v could be returned to full operation. 'A total of 182 bridges were reported
danliag dI (led(hstroved in New York State (1)., In addition, many county bridges were
(lest roved ,w bad! y damaged. Most of the damage was concentrated in the Genesee and
CheMung lHiv(Ar b ihsins although other aieas suffered major damage also. Debris ad
scour we , til, prilalry factors causing the dalmage-the same factors that caused the
major damatge in Pennsylvtiiia.

If there wias a common thread to the cause of the scour damage sustained by the
l)ridlgs in Pennsiylv:uiila ;ud New York, it could be characterized as follows: Any
bridg, sit, h ain,, a.brupt (hluit ill its cross-sectional waterway geometry, which
forced fli ,dwahr to sud(i-jll y e iauli, its depth, distribution, or direction of flow, was
potentially vulntr:lel, to scour. This sudden but predictable change in a r~ver's floodflow chlarattI-istics occurs natuorally at the riverbank where the main chunel joins the
flomdplain, Frt-quuntly, th0 abutnments that frane the bridge opening are located thereto(). Oftr, thi worst scour cmditions exist not at the peak of a flood but at in inter- 255
flidiate stagc a.s thlt witeirs recede and the overbank flow returns to the m11.in channel.
Althouh scour fri quently occurs in a random and ullpredietahle mnner, a waterwaycOlnstrlCt)ll causIed )y a b:'idie Open1ing ii, wu embaik.ment is usually most suscept)bleto daiag,, in the: vicinity of its autments ald piers, unless adequate scour protection
is irt idtd.

Thi' location of th, abutmlents and piers in relation toi the main channel was an im-
l(,. at fae to,- in the da ;age that the bridges sustained. During the field investigationsof the Susqueh::ilni wi(1 Che mung River bridges it wts noted repeatedly that the amount
of scour it ili' abutnuts :uid in the bridge openint, primarily depended on the aniount
of constriction that the bridge opening impiisd onl the flood flow. In general, abutments
and piers that had been constructed at the tops of the riverbanks near the edges of the
main chamn-l sustained the greatest damrnage. This repetition of the danage pattern was
prevalent, regardless of the shape of tilt abutments or piers and the material used in
their construction. Exceptions were noted at sites where (a) spur dikes had been con-
structtd at the ahutnients, (b) ap)roach embanknments had been constructed on a suf-
ficiently low profile to) provide adequate relief by me:as of overflow, aid (c) a physical
feature of the upstrealn floodplain had provided natural scour l)rotection that was at least
adequate for the coditiins that had been experienced.

The foll wing conclusions and recommendations were reached as a result of this
studv:

1. The piillal'y causes Of damage to bridges during the June 1972 flood were debris
and SC u".

2. In stoie instances, freeboard can help in reducing the dam age inflicted by water-
borne debris, but freeboatrd ;d one probably will not be effective in controlling debris
damiage when rare 01(d unusual floods occur. Freeboard alone cannot guarantee the
complete el imination oif damage because the degree of protection is limited by the ever-
present chanlce that a flood will occur that exceeds tile level of protection )rovide(] bythe freeboard, as well as by other engineering wiud economic cinsideratioins.

3. Berin, devic(s :'.t piers of simply supported structures should be di-siined to
resist dynamic flood forces, such ,Ls the horizontal forces due to impacting debris.
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4. Structural continuity at bridge piers is a desirable structural feature because
of the extra str ength that this type of construction can provide.

5. Enflatnk m#,n t ir roidw i y overflow sectlios are recommended as a means of re-
ducing potent ial debris damage at structures where heavy deposits of drift may accumu-
late, clog the bridt,, opening, luid prevent use of tile full capacity of the bridge waterway
area. The rel i, prvided bvoverflow reduces the pressure of the flowing water ol the
lodged debris, which in turn reduces the damage to tile structure and the bridge opening.
The risk of dan:it (ilue to dlebris impacting a structure and clogging its waterway open-
ing 1av it, apprecilably reduced because some of the drift can be conveyed through the
overflow sect ion ui(t bypass the bridge.

6. Pile found ations for piers and abutments prevented niziy failures that would
htve occur red otherwise . According to the New York State DOT, spread foctings con-
stru('ted with Ili!quate illow.uicu for the depth of scour retained their supportive ca-
pacity also. [',iiit considerations might well be the deciding factor in determining
which t ype, of fo lLitionl to Select in any given situation, but depth of foundation ap-
lleared too lessen th risk of falior,, frot-011 scour.

7. Scour at bridge,, abutments uind within bride openings primarily depends on the
alount of constriction that the hridge opening ilposes On1 the flood flow.

8. Pit.S hocitd at the junction of the main channel ,aod tile floodplain are highly
suscept ibhl to scur. The practice of placing ; pier in this location should be avoided,
ot' More substauiitial provisions should be made for adequate scour protection.

J. Rt-lilid,. water -slIface profiles of rare floods are allong the lost relevant and
use'ful Ito us1l; of 1_'d,,logic and hydraulic lesig, informition that caui be obtained: their
inliprt.uice cuillit ie" oveeulahsiz,'d. Bridge designers can us. water-surface pro-
files to gooid dv:ttage in a lnumber of ways, ulnd their use is recommended whenever
possible. Alt hiouvh a'encieS !Lleh ias the U.S. Geological Survey and the U.S. Army

256 Co)rps if Engineeri's cidl,.ct hydrologic uli hydraulic data, state highway departments
,uld rail roaids alsoi rIecord high-vatttr In. rks frol uxtrele floods.

10. Spur dike.s wtr , effectivu iti controlling ;and ipruventing, embanknient scour behind
:uild heneaI li idge Abut ,i:nt s :uld; at adj acent piers even when the dikes were overtopped
or partidl Iy d(lestr yed. The ir i i.e is recommended wherever the transverse movement
uf a l (rge iverbsUik flow :dong I highwly eiba.knlIent toward a bridge opening is un-
ticiipalld.

II . I l sivs that were dsiignid for embankniint overflow wur, effective in con-
trolilng sc Ir at bidgt LhUtllleltS. Overflow sections oight be a feasible alternative
to spiu llhis it sollte locatioiis. roierly desiglled relief structures also Clui be used
to nt;iIIttill fl(w distluibtltiI and t, redCuc ScOur.

12. lDo1wilstr .. lnl slilt's of highway emlbaoknients that ;ure desigi.e'l for overflow may
require prit,.ctim from scoul by pavin,, ripralu, or some comlparidle type of btdlasting
if the anticipated (drI) betwetell upstream uotld downstreall water-surface elevations is
large.

13. It is s ugge sted that appropriate design conniittees, recommending design pro-
cedluell.s :umd st'udards, consider incorjiuirating lr)visions for acconllodatilg highway-
emiba-nent iverflow resultilng, from rnr'cc and unusuid floods.

14. Bridges that had bieen oesigned andi constructed in accordriace with high struc-
turd-l and geollmeltr ic design standardsL generally survived the flood in better condition
thall tloise that had been designed to a lower standard. however, the lune 1972 floods
clearly dletionstratecl that designing to such high st;uidards id one will not be sufficient
if essenitial hydrologic ud hydraulic C(oskdCra:tions are overlooked or if inadequate pro-
viSiOS ace l;ide to acoCollnlt)dIte' those colnsid(.rations.
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Start of erosion in side ditch where flow of water exceeds scouritig velocity (Brazil).
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4.1 Types of bridge sour wd their causes

4 Terminology

'Scour' is used here to mean a lowering by erosion of the channel
bed below an assumed natural level or other appropriate datum.D esig n of tending to expose or undermine foundations that would other.
wise remain buried. 'Depth of scour' refers to the de1 ,th of ma.w aterw ay opening for terial removed below the stated datum. 'Scoured depth' refers to
the deprr of water above a scoured bed under stated flow con
ditons. Fqi , 4 1 illustrates these terms

Scour and back w ater A bridgn crossingis referred to here as uncontrolled' where no
signifiLant constricton or realig'ment of natural flows is imposed
by the bridge alproaches or training works All other cases are
referred to as 'conrolled waterv.ay otv.nings ' Account must be
taken of the possib i-ty that an initially uncontrolled crossing
may later bccome coniro'led as a resu!t of shifting f the channel.

Principal caregrine; of brdge scour
Scour at bridges may be diviced rito four main categories as
follows

I

General scour across a controlled waterway openig associated
with constriction of flood floss through the opening (Figure
4.2).
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Flood-plain

LW: '_ __ .Scoured

Scoured bed local so ur
due to pierI Zdepth of scour

Figure 4.1 Cross.se,,,in at a bridge waterway opening, illus.
trating scour terminology.
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.... N Top of roaembnmn

17 ft depth of scour % o r d b d o

flood pepkck

I I I I I I I

0 50 loof,

Figure 4.2 Sour.drgi at a bidJLI. showmig an example of general
Scour across a v..it ciway ope mig ri nt,lriiig from the constriction

of a flood tholugh the opening
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BRI,

Figure 4.3 Local scour at piers as illustrated by a model ex.
perimerit and by a bridge failure. The flow is from right to left

in both photographs.
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2
Local scour around piers, abutments, and nose, of guide banks and
embankments, associated with vortex systems induced by ob- 21 June 1965 loft

structions to the flow (Figure 4 31. 196 5
3 9 1 Reference

Natural scour in alluvial and tidal channels associated with varia ge
lions in flow conditions and associated chasinel processes includ.-
ing bed material transport, bed form migration, and channel 10
shiflin (Figure 4 4)

4
Progiiessu- chinfri I lii(fi dil JrdJit10ir) assoCwat i it li geological
processes or with man mad- regime chaignqs upstream or down

stream (Figure 4 5) I
0 100 200 300 400 S0Oft

The scour observed or I b! evcicted at a given brogp riay
repres:ent a conibtrialsn of ttiesc cis ories, as well as other less

common effects For 7ori detals on various scour phenonrnj I- igulre 4 4 Cross section of air alluvial river showing the bed
and the.r causes, rfir-'c. mav h . ' n, I, r To pr sv, iu iubicatons prol es observed tinder differe;it flo.v conditions IVertical
(refs 4 1. 4 2. and 4 3). arid o relefences contained thereir. scale exaggeration 10 X)

Methods of scour estrrjtr'ni

Sections 4 4. 4 5. and 4 F, floiwng g,-t suryj-siid methods of

estimatirgr i tli first 'ee of tr tour t (rrncipjal cat,,,ories of scour
listed above, and Sectrcin 4 7 dsurcs trs,, r combind effects

ProgfrOsive chiarlii ;110:l' C'1lv!iT c. ' Th' fourth caitvirY, is

not usually susclotijibe to cr,:)utatijo'-, and should, where apsiru
priatt. hi esttrnated 0 

t
tlw h,.is Of PO trends o' future project

plans, as indicated in Cret),, 2
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Origia! bed

7ft degradation

Figure 4 5 Bridge foundations repeatedly undermined as a result

of progreisive channel profile degradation
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Refs. 4.1 to 4.4 discuss various previous formulas and charts 4.2 Influence of various physical factors on scour
foe scour. An example of scour estimation by the methods pro
posed here is given in Apspendix Il1. The purpose of this section is to outline some physical considera.

tions that should be kept in mind when estimating scour for
Factor- affecting scour design or when analysing observed cases.
The depth and area of scour at a given bridge at a given time may

be iffecred by any or all of the following factors Principal factors influencing erosion of materials

slope. natural agini1,it. and shifting of tIhe channel. The erosive power of flowing water on a channel boundary is

5yp! anj iriiiint of beo meirnia In tranrsport. determined primarily by the local shear stress or drag exerted by

- history of forn,:r ai.! rc-rii! floodic the flow on the boundary, and by the associated velocities and

accuniilatios iif IL. ici of iitii'! (bti, turbulent fluctuations of velocity near the boundary. The rela-
CO tfiction itnt i si hinwtT of flow due to tie bridgei and tionship of local veloc, ties to cross sectional average velocities is
its atili .iii-,, complex and depends on depth of flow. boundary noughness, and
aVirt VI 11y Oi f 13 lWoS. channel geometry fhacroturbi.,lt flow V phenormena such as

ie ,'fl't'yA , " I . . eddies, helicodal flow, roll,-s, and surges may also be important

* class.,, sttri. ir toig br 0 coiro'lillli!.~lriii of bed arid sub factors infli "rcirn scout Averag, veolcitis and depths therefore

bed rnital, give at best a very roug9 Indication of erosive power, but calcula
plaiLinnit ni li%, of r p ri.. ,'l olir tuolectliwn materials. tions based on more ;ehned measures are impracticable for the

- natial or niair n (1., c q , i flow or 'd rrieot regimes, bridle engineer in many carps Figire 4.6 illustrates the relation

- ac dents. sutel-. ak col:,.,', a rivt by V! ilfti shliu between velocities at different depths in a wid' stream of

fairly regular depth
'The ord r in wchich lti fasirts iie lited ab,%' is not inte:ded to The resistance to erosion of cohesioriless materials deVsnds
indicate their ,clai, vrnro -Ce which ires from case to ca!, primarily on gra- vz', size distributon ai d grain density. and to

a lesser extent on grain shar e. or;entation, and packing arrange.

ment. Practical critera for sand and grar'l are often based on

grain size only, asmrnng a standard sliscfc gravity of approx,
mately 2 6 for natural rocks It is often assumed that a mixture
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Is can be represented by a single size such as the median size by
,lS weight (D., ), but this assumption is not necessarily justified for

SWater certain types of mixture, is noted subsequently.
The resistance to erosion of fine grained cohesive materials

" -surface depends on a number of physicochemical and environmental fac
d l'|otrs, since the bonding between particles must break down before

V, erosion can Occur. Standard soil mechanics tests and index prop-
0.4 d erties hve riot proved very satisfactory as a basis for erosion

.. -. resistance criteria (ref 4 5), and some form of direct scouring test
appears to be desirable, but as of 1971 no standard guidelines for

- '-_ Rough bed such a test are available.

For weak sandstone! and weakly cemented sands and gravels,
it is important to investigate whether the cementing medium will

Figure 4 6 The vertical vlocity profile and approximate velocity be dissolved during the life of the structure to the point where
ratics in a wide, slia,ght channel with a rough bed The time. the material acts as if it is cohesionless. Laminated materials such
average bed sheir stress 'trIS, where 7 is the unit veoght of as hard shales may appear capable of withstanding high velocities,
wair The surface velocity I, s about t t 1.2 times the rnean but in pI.itrcemay tend to peel off during major floods,
veiocery I;,, The biitrrir velocity I h is usually in the range
0 3 0 7 trnes l'M he bottom velocity (tune average value) is Rates of scour
someev.at ill defined because of the steep velocity gradient and Rates of scour in different materials and situations vary widely.
the strong tuibulerir fluctuitions Particles oii the bed experience The rate depends not only on the relationship of erosive power to
fluctuating lift and drag forces even when the surface velocity erosional resistance, but also on the balance between material
is fairly steady. eroded and material deposited. Under conditions of steady flow

most scour situatioiis eventually reach a final or equilibrium con-
ditlon. Under natural -unsteady flow conditions a final scour
topography is not necessarily a,tained in a .ingle flood event, but
it may develop progressively over a series of events. Methods of
scour estimation proposed here are therefore based on the

DDisign of waterway opi'ning for scour and backwater 81

assumption that design flows persist long enough or occur ofter) procedures and temporary works. These points are discussed fur.
enough to produce a final scour condition in the material under ther in subseque"t sections of this Guide.
attack. Pite foundations are often assumed to give more security

During a typical flood rise and recession, scour tends to lag against scour than spread footings, but they are not necessarily
behind dlscharj. so tiat maximum sconr occurs after the flood immune to its consequences, as recorded failures testify (ref. 4.6).
peak has passed It is essential to investigate the possible effects of scour on the

stal-uihty of v .. taking ice and flow forces into account where
Het uroqrive.,i is niati'.a'; r'id g, olc yc€ii I lintt,ton approrpr i ate

A charnnel burl iii, I " i,rnl ,r. t) a succ,'ss r (o f strala of

varvyng resi,,tdoic, tr sc'ir a cuirrlra3ttielvY reV',1Stat layer Brd lojo (retisrort
overlies mor e easly e c 'e ratrrrial, it nivy be advisabli tn pr As the discharge rises ini a strean, so drhes the tendency to trans.
vsrit scor pr-trtatar i the risdtart iaef by careful dsni or port bed lIad and tc producp srorr at bends, constrictions, and

by acfrrptnrlg s r._cai n: l..::,ve rveaoirer obstructions In streams carrying hued load, SCOUr for a given dis
Wten sci jw -cr, ,, a v.idely iradded gfa'iarrir mxlit, or a rhero- tends to eich a lnit after a ocrlair. time, becaise bed

cch.sue ri.t.-a' cc, t, 't;g Storws. p 0.irg 1 "' Oeniess irl tIr uad is sn ptyow as fast a. tihe locel scouring currents can rerrove
the coir-ir fr,!m, , c" tie ni rs irre cri lin el-Crd, orovit ,dll h it Exp ,,nnts ,n(',cat,' thit th. worst scour may not necessarily
gennural ral. cI s.(i ,, jd u

t 
bed rnili'l tr~inlrlort ire ilitiil occur in the hin

1
est floc:s

low If tie chhipr,ne b,.! s gnirrally rr vigorcjiis mo , eren ,t irw.

ever, paving tis i nnt rc',n~sar OLciii

%.'hen atrly re:MrlrodS of SCOWr estimatri srrbeinr'l,'

suggested heri, it siiO.i:d b-, rerm.rbored That h tir p or f i

more resistant sirl.ra ma/ rmno-r a lrn;t o, the -Osttile ridS, o
sCOir Cdrefr:fr U.ioratwr or sub h od strdtigrdrll as rid,ca',d h,'

tiest living anr:l yeo9rltycaj 'ncVetgdturoS. s l Drimary valtin

Pt-, d-,s and tound,,,,,'t: rn
The depth of local sco.,r at a ther may be greatly affected fir thi'

gooil , t ¥y of the pe a d its fouriltatoi, also by con'Atlictluo
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4.3 Suggested procedures for design of waterway opening Waterway opening widths and cross-sectional areas should
always be calculated normal to the principal direction of flow as

Flow chart it enters the bridge in major floods.
Figure 4 7 outlines a tentative procedure for design or checking
of the wraterway c :ning. This chart in effect constitutes an Hydraulc models
expansion of the middle part of Figure 2.2. Where the results of design proposals are difficult to predict be-

cause of the complexity of the hydraulic situation, or where the
Tral warerwu, oeri.'tig width structure is particularly important or expensive, a hydraulic
Where no utheir guidance -egarding a suitable width of water-way model studv may achieve considerable economies in total project
opnirg is dvaI,,bi, (see 5ecton 2 71. a first trial width may be costs. Models may be valuable for visualizing design problems and
s,,lecti'd from Fiqure 4 8 This is based on an empirical 'regirre' for obtaining aprnrov.ls from regulatory authorities, even when
oim mla for sible alluvial channels their behaviour can.iot oe interpreted reliably in a quantitative

is ((t'2 (4 1) sense. Mobile-bed models of proposed crossings will generallf give
useful indications of scoui patterns and tendencies, but in many

where h', is the net waterway surface width at design discharge, () cases the scaling difficulties are formidable and the models cannot
,s the design discharge, and C is a coefficient. This formula was be relied upon for ac,:urate prediction of scoured depths.
ortimall, proposed by Lacpy (ref. 4 7) for sand bed canals and Some principles of model testing are discussed in more detail
rwrs, wih'- 2 67 when It', and _) are in foot-second units. The in Chapter 6.
uygejsted range indcated on the chart is from C - 1.8 to C = 2.7.

The ucoer end of the range should be used for shifting channels
in sandy maierials but for relatively stable channels in more
scour resstant inater als the lower end may be used, subje-.t to
confirmation from local experience. Further adjustment of the
waterway opening width should be made on economic grounds
after consideration of scour and other factors, as indicated in
Section 2 7 and Figure 4.7. The final adopted width may well fall
below the range indicated by Figure 4.8.

266
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[- '. ....
N"n

L .......

Fig~ure 4.7 F low char t fur the: design or cecki~ng of a waterway
opening (may b: supplement.:d Iev model tests see Section 6 2!
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Figure 4 8 Chart for selectig trial waterwvay openiri, wir
d

th

based on Lacey' regime formula for alluvial channels.26

Dasigrs of watoerway opening for ,ecour end backwater 35

4.4 General scor in controlled waterway openings geological and bed-material coenditions at the different sites may

not be timifar, the flow concentration in the proposed waterway
Appicvale circumstances opening may be more svere than at the measured location, and it

The methods of estimation given below are intended to apply may be impos'.'le to obtain soundings under high flow coridi-
where the bridge and is associated training works so Constrict or i.ns. Despite these reservations, however, every effort shuuld be

realign natural flows thor an artificial waterway opening is in made to obtain and assess aclual soundings.

effect created, bounded on each side by road approar:h embank The ignificance that can be attached to soundings obtained at
ments or guide banks The problem is then to estimite scoured flows considerably lower than design flood 4r'es greatly accord

deptfis due to the design flow psasig thieiugh the controlled ing to the type of stream and tfie preceding flood history. In

waterway opening Wherever practicable, two or mnre: of the four many sand bed streams deep scour holes formed during a seve'e

methods suggesterd shouild tic tried and the results compared flood ternd to refilf rqure quickly during tdre flood recessrmn.

When farge differences ,ii estiniated scour are obtainedf, every whereas on some gravel bed aird hard Lied streams deep holes at

effort Shoilid fe maihe to find reasons liii the discrepancy In Case Certain locations appear to persist from year to year. Documenta

of douhfi the niore ci insc vi 5 vi, es r ii e shrovi if 1, acre pteCd, or 5iorn arid analysis of thfrs problem is scarce
specilihst silvici should lii souii1]ht

ApcreiidmI Il firovids at, exanirl, of the caletlatois involvi.d
in selecting a wvatri iay rsei',>,0 ".r iiil r:;. rat n9 goert stoiir M,'thod 2 Regime' methrod i/thin~rg /ir ted held ereasurements

1lhe f ol lowinrg ruethiod of estimating general scosi r is based tsr

Me dod 0 rc ofrrnie (o ' tiid icai.'rrri~iis f sour mar iy vn teconmmervJatioris nade byV Blech (rcfs 4 8 and 4 9)

This rmethiot iivolves5 t/iht. ,iiiieUit'Irl hiy reiiini/'ig of dept/is
arrd bit hmv/s at evistir tlt~, liii/~ itsl, siiaip l12,*i(j. crrntricr~ir. II

or nthreilucatiils s~he',i the ndtirr,ii cliari!l crsnlrJirali is Olitairiheld nrir'rerrls of I/hi averurije r tmisrnrrry Oif the channel

cornparable to thati noseicif {ir evwctd ort ie litiii uisi'.ng Cross-sectior, irs a relatively straigirt ilncised' reach, by surveying
site I Ire sounrd rig s/iould s/c~all y be, d ore id Ur i iv ,.

' 
coridliti ors and sounrding a numibe r of Ci Occt' $ uIris, p'r I trably during a

ci mp~aratble withi leig i Io ocrilditiorrs. but thi. is rr, ldon prac floodI evernt (by lriCiscd' is meantl a reach thiar does not sprill
ticafire irn inlartJ r i+rs Thre ni+asure-l ma simiim deit/ulls ;are usved evcetlt in very h'gh flow's -se.e F igire, 4 9). Theii determirne the
as a guide Itn Csti inl irig scovired dest hi in thle 1s, OliO.e it water way baniklull drscr,i ige , or th, hibg/rest rnon spill.lrig ditch arge Q5Jr arid
op~ening Thre nietfiod has its limitations, however, becieuse tfie the corresponding starge and average dep/ib d r (figure 4.10a)
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Compute the average incised discharge intensity under bankfull or dependent on the bed-material, ranging from 0.67 for sand to
highest non spilling conditions: 0.85 for coarse gravel. Since qi is dependent on df through b.

Qe (Eq. 4.3), successive approximation may be required. d/ is vi.

q i (4.2) sualized as the average scoured depth to be expected in a long.
straight reach of the same net width as the proposed waterway

where b, is the average channel width at half of the depthd, opening.

corresponding to Q, (Figure 4 10a).

2 Estimate the maximum gerieral scoured depths in the waterway
Compute the averagte design discharge intensity in the proposed opening (not including local pier SCour - see Section 4.5) by con.waterway opening siderirg the approach conditions and layout of rrairriul works

(see discussion following method 4 below). The references recom.q, = W3) mend that in general if should oe multiplied by a factor riot less
than 1.4. and not more than 17 when guide banks (Chapter 5)

are provided. Reliance must be placed on one's judgment to
where (f is the desrij flood discharge and 

!
P, is the net width of decide at v.hrch tiers this maxrmum general scour might occur

the prisoicd waterval onepnng noriTnil to flow, at hall of the
estimated scoured rferth J1 (J F (gre .1 10t) In order to determine (see Figure 4.1

b,,. ill should fist tit! .stimated ty trial arid later adjusted if In applying the above method it is essential to dieck that the
necessary after step 3 incised reach surveyed has an erodible bel and is not bedrock.

controlled as to depth, also that its bed material is similar to that
3 at the bridge site In urrstable alluvial streams of braided channel
Compute tle aVrqs 'flho t depth* ir th controlled waterwdy pattern it may be impossible to find a suitable incised reach.
opening

Method 3 Mean. vrlicty method utiirhzig
d!= d, (i-~ '(4.4 irin rled ield neasuerirn ats

This method is somewhat similar to method 2 but uses the more
where d, is the average depth in the incised reach IFigure 4.fOa), easily visualized concept of nrov .ectional mean velocity as a

is is as in Eq (4 2), q1 is as in Eq. (4.3), and irt is an exponent rough criterion of general scour.
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-Obtain field measurements of the average geometry of itie channel

in the vicinity of tre bridge site, if possible in incised reaches, as
one or more relatively high known discharges. Compute the aver-

age cross-sectional mean velocity and extrapolate to design flow
conditions, using a known or estimated stage discharge relation

and the Manning formula It possible, check computed velocities

Z4 agarinst measured velocities.

Measure the net water area Of tire prroposed waterway opening

4 ,under designi discharge, before scour, and compute the cross

I' -/ sectional rnear, vel.city throrigh the openi nrg. If this is signi
tfrcanly gr.ter thn tire etrfa.wrlat.d averarqa channel velocity at

deslign drs.harg', general scOWe shoall fin dlowed for.
3
'' \bDetcnitrr trIif the avcrq jeriri' scoir level, essumilp a

trapeoi,)l cn.s s,( tonal shiap that will make tire mean

velocity n :;Dgh tOw waterv.y olrening erwial to the estrhmrrtei
I / average charinel velIrttj at isi)g dischirge, a% estinated fir

4

Fldisti uh'ir th, titi 'irid l . V. ,,ct,rnll rice to qisv tire worst
?xpecled cros.. ssctrurlal shial and loresqt elevatron of general

Figure 4 9 Sketch of a rive! it flood stage, lllusratrnq tihe scour, as SufbStcquently iescirb~eed ill this Si.loun
conrcepit of r ncisilrd iacfr This nitrelhd will tend to gi.-e somewhat greater estimates of

average qi ieral scour than rintrid 2. since it corresponds
approxinatiry to an exponeit Pi of 1 0 in Eq 14 4).
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Figure 4.11 A hypothetical rive cro se , , iM U strtng the

problem of allowing for a sh'I rn the positcn of duepest scour.
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Method 4 Competenitvelocity chart and table terials, compare with Table 4.1. If the computcd mean velocity

This method can be used if the field measurements required for significantly exceeds the competent velocity, general scour should
methods 2 arid 3 are not available, and may be used in any case as be allowed for.
a rough check on other methods It depends on the hypothesis 3
that general scour will proceed in the waterway opening untl the Determine by trial the avercge general scour level, assuming an
mean velocity is reduced to a value lust competent ,o move the appropriate cross sectional shape, that will make the mean
bed material exposed at the scoured ldepth. In channel, carrying velocity through the waterway opening equal to the competent
substantial bed loads this principle is excessively conservative (see mean velocity for tha material cxposed at that level, as gien by
Section 4.2), but it can still be applied to estimate a mairnii m Figure 4 12 or Table 4.1 The appropriate average depth of ilowv
limit to scour. on the grounds thal in cert,imn circumstances the after scour should re used in selecting the competenrt velocity.
normal inflow of ied material megrit fail The method is applied For widely graded granular mixtures where some degree of paving

as follows, might be expected as scour proceeds, it may be appropriate to
I select the competent velocity corresponding to a grain site larger

than D511. but the sete selected should not fa.e greater thari I), .

Corripiute the triein veloc,'y through the waterway opening at 4

design discharge, asumng ro coor. Deterrrine the corresponding Estimate the maximum general scour as instep 4 of method 3.
depth of flow and median diameter l[) ol of bed material based
oir a bulk sieve curve a rquivierrt (see Appendix IV). Posswble discreparcy between resilts of methods described

2 For alluvial channels carrying a considerable bed load, the mean
For cohesionless materials, compare the compuited mean velocity

wit th cotrtent alortvridcatrlby igue 412 stng he waterway velocities (atter scour) implied by methods 2 arid 3
may be considerably greater then the competent mean velocity

appropriate flow depth a d D,,,,~ b, weight For cohesive nra used for method 4. Where methods 2 and 3 imply or use a mean

velocity more than 50 per cent greater ti:-an the competent value
indicated by Figure 4.12. a special check of possible reasons for

* The barer of de"veiopnerrt iii rhese dare aie erplaried in Apsiend, V
the difference should be made, and some caution should be ob-The data waple. strictiy speakingr', o irraglit, uniforml' chw=,nel tloev, and
served before accepting scour levels based on the greater velocity.their apralicatiour ro ruanianitorm flow a, norwaill toiurd rn brildge vwter.

wsy opernrui is not fully jutlfted They should therefore be treated writh

270 r.ervatons.
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v n ' Table 4.1 Tentative guide to competem wiochia, for rosion

0.0 '.. ---- ---- of cohesive materials.

Competent mean velocity i

- r'-" D'" epth Low values - High values-

or eaily erodible resistant \
p,..,w ""loe of Wit sie. l _ flow material Averig values material
i.Oml of WiheOf W A, It m fill Mfg1 Itl m/s ftil MISn~

5 1.5 1.9 0.6 34 1.0 5.9 I.8
10 3 2.1 0.65 3.9 1.2 6.6 20
20 6 2.3 0,7 4.3 1,3 7,4 2.3
s0 15 2.7 0.9 5.0 1.5 8.6 26

Notes: Il) This table is to be regarded as a rough guide only, In the

I e .= absence of data based on local experience. Account must be liken of
the expected condition of the material after exposure to weathering and iii

0
",eis . a'turatlon. 12) It is not considered advisable to reail the SuggeSted low,

- 1,'I~. e t _a . average, and high values to soil thear strength or other conventional
Indires, because of the predominating effects of weathering and saturation

Pe,...s.e a'., , W.i t. 1  - , ,.i .4 ii 1. on the erodibility of many cohlsive so'l,.

Figure 4,13 Various alternatives In graphically redistributing the
cross.sectional area of a scoured waterway opening: (a) redistri.
bution of net area of scour only nonalluvial streams with

5 ,j,, I e,,, t erodible beds); Ib) redistribution of scoured area below the low.
Swater level (semialluvial streams with limited bed movement);

it Wen'. rt 5..da.riw (c) redistribution of scoured area below the design flood level
fi .4 .. d siee,.4 am, At bide.

c ed e"ve (alluvial streams with highly.mobile channels). 271
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Estimation of maximum general scour higher level that may appear appropriate, depending on an assess.

from a computed average level ment of the level to which the channel bed is likely to shoal

Step 4 of methods 2, 3, and 4 above requires that the computed (Figure 4,13b).
cross-sectional area of the waterway opening, after scour, be re- 4 :,

distributed in some manner to yield the lowest estimated level of In figure 4.13 It Is assumed that side alupes of the scoured area are

general scour. This step probably introduces more uncertainty maintained at a I upon 2 angle of repose. This should normally

than any other into the scour estimates, In general the redistribu. be ensured by providing rip.rap aprons where necessary (see

tion should be done graphically with reference to Figure 4.13, Chapter 5).
Figure 4.11, and the following points. 5

The cross.sectional shape will depend on the approach alignment
and on the layout of training works. A section on a sharp bend

The procedure given under step 4 of method 2 above, i.e., multi. will tend to adopt a more or less triangular form below the

plying the average scoured depth below flood level by a factor of highest level of shoaling. A straight alignment with parallel guide
1.4 or more, appears warranted only for rather wide alluvial rivers banks will favour retention of a more trapezoidal section. Tri,

where the surface and bed widths are not greatly different, and, angular or irregular sections may. however, develop in alluvial

where shoaling and other bed-level changes can occur over the channels with straight alignments, as bars pass through the

whole depth up to flood level (The latter point is illustrated by opening.
Figure 4.13c.) In other circumstances the procedure is probably 6
excessively conservative. On a bend the deepest point often tends to remain near the outer

2 bank. In other cases it may be necessary to allow for an envelope
In non-alluvial streams with cohesive or semi.cohesive beds that of worst scour (Figure 4.13a and b), assuming that the deepest

are expected to scour to only a limited degree as a result of flow point can shift from side to side (see also Figure 4.11).
constriction, it is probably sufficient to redistribute the estimated
net area of scour below natural bed. as illustrated in Figure 4.13a. In view of a general lack of data on this question, little further

The redistribution need not take the triangular form thov.rn. guidance can beI given. Considerable weight should be given to

3 local experience whte it has been suitably recorded,

In intermediate types of stream with limited bed transport, the

area to be redistributed may extend up to low water level or any
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Special circumstances affecting general scour 4.5 Local scour due to piers and abutments
Cons,,deratton should be given to special circumstances that might

increase the general scour over and above estimates made by the Occurrence of local in addition to general scour
riethods sugjested These include the following The scour as estimated in Section 4.4 should be visualized as

lars asnd accumulatons of ice anti dr i fl, occurring under a single-span bridge without piers in the channel.
law g ont acuntorrs oft l , fnd example asa Piers placed in the waterway ooening tend to produce additional
Fl Uwir of COMrMi V 1,.tl Ch .I If lelell far parnpstre as, local scour (Figures 4 3 and 4.14) even where they do not pro-

elc r duce any i9gnificant reducl in in the net waterway width.

tied, of st or ogjc materil. Considerable detail on extrimental findings concerning local
pier scour is given in ref 4,? and in earlier publications referredr++ht,,t+ lori of tit. VVIr,,I i( oo g fly rounds of s+tone rlt

Illd to there. In general the local depth of scour depends on the pier

arrest if norn,, I td Il, d trariIspnot tv, upstream obstruction width, length, shape and alignment, on footing details, on veloci.
(not rele .,nt to method 41) tes and depths of flow, on tire type and size of bed-material, on

the rate of bed trarsloit, and on ice or drift accumulations. In

Aliwinrc for so, h vrcirnstaire, should be bass'r on eiperience practice these factors cannot all be taken into account, and it is

and ludgment neCesiary to use srplifirtd relationships derived from model tests,

which give an indication of the worst scour that might occur.

Because local scour might be substantially increased by ice or
debris accumulations around a pier, refined estimates of local

scour are not warranted in many Canadian situations.

Local scour at circular or elongated piers
The local depth of scour (below the surrounding bed) at the nose

of a circu'ar pier or of an elongated pier aligned parallel to the

flow should normally be taken as equal to the cifective pier

diameter or width near the general bed level multiplied by a

factor as given in Table 4.2. These factors are intended as design

272 values for non-cohesive materials that are expected to be mobile
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Tiblt 4.2 Local scour allowances for piers ligned pallel to flow

I S., b ip m r +ikIi<

0- Su ". ii

I d,- I0.

nI? al,- 10.

Figure 4 14 Usual forir of local scour holes at piers, as denon.

straled by rnodel experinlctrs ~dt-, . .r,, r , ,
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under design flow conditions, where no special protection is Tabte 4.3 Multiptying factors!rlocalscour at

provided. Smaller allowances may be appropriate in more scour. skewed piers, (to be applied to local scour

resistant materials, allowances of Table 4.21 , .. ,

In special cases where piers of large dimensions or unusual Angle L.ng....o.width ratio of pier in plan
shape are contemplatfed, and where it is important to estimate oft<. . .

locil scour fairly closely, it may be advisable to have flume tests a

conducted on a model pier using a mobile bid (Figure 4.3). The 0 1.0 . 1.0 1.0
besults of such model tests should be given due weight In arriving 1 1.5 b 2.0 .5"30P 2,0 2,15 115
at estimates of local scour, but they shculd not be regarded as 5 2.b 35 46
infallible. Principles or which model tests may be conductedt are
discussed briefly in Section 6g2-The most important requiremnent --- T.he table it Intended to.rndictsit approximate idatep.,,

isthatndere beavdesign fwh condi tions le odelo diaterecioa re mo range only. Design depths t severely tewediso tatiander unflcndt ion tht orde l e atam b should bpierswher the use of these isounavoidable, should u
be it a comparable state of motion to the bedmateri in the preferably be dlermined by means of special J

prototype. s model tests. The values quoted are based appiosi. ou
Tae 4,3n grases approLaursen ref. 410),

Effect of poi skew
Experimental data and full-scale experience both demonstrate
thb. ifan elongated pier is substantially skewed to the direction
of flow, local depths of scour may be very much greater than
given by Table 4.2. Angles of attack greater than 5'0 to 10' should 410) and other experiments, is intended to indicate the approxi
therefore be avoided wherever pracicable, If flow directions are mate range of increase in local scour due to pier skew, The figures

r so variable or uncertain that large'rangles af attack must be should be treated with caution, because there are substantial dig.
allowed for, special model tests should be considered. Considera. crepancies between the results of different experimenters.
tion may also be given to the use of cirr;alir piers or of open piers As the angle of attackincreases, the pointof maximum scour
consisting of a row of circular cold fs, or to provision of scour tends to shift -downstream of the pier nose along the exposed
protection as discussed later in Section 5.9. side. In cases of severe skew it may even occur downstream of the

Table 4.3, based approximately on data given by Laursen (iref. pier tail.
273
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Effect of footings procedures should be adopted to forestall excessive accumula.

Table 4.2 applies basically to piers without exposed footings, A tions General experience is that a pier nose semicircular in plan,
footing, caisson, or other enlargement (Figure 4.151 tends to and vertical or only slightly raked in profile, is best for discourag.
reduce the local depth of scour provided the enlarger,sent remains ing drift accumulations.
below the general scoured bed level under designflow conditions For relatively slender piers, where the expected local scour
(Figure 4.15b) and Is of sufficient horizontal extent to cover the would otherwise be small, some allowance should normally be
area of local vortex action. Under such conditions the factors of made for an Increase In effective width due to accumulations,
Table 4.2 may be reduced at the discretion of the designer, pro
vided the horizontal projection of thrz enlargement is at least Local scour at abutrments
equal to th e diameter or width of the pier shaft, If, however, the It is difficult to give reliable guidance on the estimation of o ocal
enlargement is liable to be exposed to the main current (Figure scour at abutments, because of the wide variation In geometry
4.15c) its effect is similar to that of a larger pier, and the faoors and approach flow conditions that can occur In practice, and
of Table 4.2 should then be applied to the footing width. A because of a comparative lack of experimental data. Where it
conical transition between she pier shaft and footing (Figure appears advisable to allow for local scour resulting from the ob.
4.1 5d), may be effective for minimiting focal scour whcre thle structive effects of closed abutments projecting into the flow, it is
general scoured bed level is u'ictirtain, recommended thaet reliance be placed on previous local expe-

Where footings or caissons are not required for other purposei, rience, on special model tests, or on specialist advice. Scour near
a similar effect in counteracting local scour nay sometimes be open abutments shold be regarded in the context of general

achieved by attaching a thrin horizontal plate or slab structurally scour in controlled waterway openings, as discussed in Section
to the pier (Figure 4,19.e). The enact effects of unusual pier 4.4. Section 5.7 also touches on this problitmi.
geom~trles are difficult to estimate without making special model
tests, Rip .rap prore~tion against local scour

Local scour at piers and abutments cart often be reduced or
Effect of ice or drift accumulations eliminated at mirror expense by backfilling foundation excava
Accumulations of ice or drift nray substantially increase local smiet lions with rip-rap or by providing aprons. Details are discussed in
scour, especially if they are allowed to grow down to near thle Chapter 5.
channil bed. For scour-suscentible pers, appropriate maintenance

• i!
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! a

vortex , ~.aa
0enlarged

a,.

C

su pressed

b

Figure 4.15 Effect of pier footings on local scour: (a) pier
without footing; (b) pier with footing below the general bed .

level; Ic) pier with footing or caisson projecting above the
general bed level: (d) pier with conical transition between shaft
and footing; (e).collar lstead of footing.
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4.6 Natural scour at uncontrolled bridge crossings Table 4,4 Values of the Lacey 'silt' factorf
(adapted from Indian Roads Congress Bridge

Applicable circumstances Coda. 1966. rf. 1.21It is sometimes necessary to estimate scour for cases where the Mean grain size
proposed waterway opening Is so wide that it Is not appropriate of cohesionlIs bed
to estimate general scour as suggested in Section 4.4. In such malarial, mm Value of .
cases it is, however, necessary to allow for natural scour of the 0.08 0.5 .4
channel as well as local scour induced by the piers. This is espe. 0.16 0.7
cially relevant where an uncontrolled croising is located on a 0.32 1.0
channel bend (see Section 2.5), because bends on alluvial streams 0.50 1,25
are usually subject to significant scour during flood periods (see 0.72 1.51.00 1.75ref. 4.2). Even on straight reaches, however, allowance should be 1.30 2.0
made for natural scour associated with migration of bed forms
and shifting of the thalweg.

A suggested method of Inferring Past scour levels is to investiSInference from field measuremen s gate the sub-bed stratigraphy by boring, density logging, andWherever possible, estimates of niaximum natural scour should be other geotechnical methods 0ref. 4.11). It has been claimed thatbased on soundings of maximum scoured depths at the site or at the lowest level of recent scouring can often be detected by dif.
comparable sites on the same stream, made under flow conditions ferences in subsoil density and other properties, but interpreta.
comparable with the design flow conditions. Appropriate sound. lion of tite data is necessarily subject to considerable uncertainty.ings can be obtained more easily in tidal channels, where flows
comparable with design conditions may occur fairly frequently, Estimation by Lacey's regime formula (sandy alluvial channels)
than In rivers where design flows are normally of rare occurrence. A recent Indian bridge code (ref. 1,2) recommends that, whereAlthough in some rivets deep scour holes at sharp bends appear to appropriate field measurements are not available, scoured depths
persist relatively unchanged for years, in others they appear to fill in unconstricted alluvial rivers may be estimated with the aid of
In quite quickly after major floods. Therefore scour observations an empirical regime formula due to Lacey (ret. 4,71:
made under lowflow conditions should be used with caution 1/3
unless the characteristics of the river are well known. t 0,47 7 (4.5)

.'
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whre /,, is th e ecan depth at design discharge, in ft or m Table 4.5 Empirical multiplying factors for

(deflid as the wetted arrva divided by the sur face width); Q is the maxrmum wtouvrd depth Ito be applied to the

desegn discharge, in fas or m
3
/s; and f is Lacey's 'si't factor' Lacre mean dlith. EF 45tNature ol lGcc.,lrr Factor

(suv1s ac.c>.rdina to Table 4 ,1. The water surface level corres-
Srtaght re~jJn of channel 1 25

pnrrdnj to () roust be knov.n in order to determine scour levels Moderate bend 1.5

Itoih,, h rludliori Thor equaon imples that the channel width S"vere bend 1.75

i' )l .'A , E q (4 11. vwth C = 2 67 R.,hr .angi;d abrupt urn 20
Nors of oirs 2.0

Eq 4 51 is plotod in F Iure 4 1 u for three vaL,.s of f Unless Alonqside cllfs and "alls 2.25

evoir-ence indcat's ftvis.' shild nornally lae taken as 1.0 Notes of gil 1,h Ia ,S 2 75

for eIt n 'latrla's Th.e 4ornila 5K11aIj be equailly aplplicable to * See Sechon 46 a
1
l teyi for crnments

allia,.l riae s and to tlida! c'i3fl?IS if the beds are sandyr, but it

re,V le'nd to gw" r cIs,,ri.. , l" I, iortj resistant maierlals AIIoaince' for nigrcatior of bed forms

ro (4 5 Jiv's on/ly all e,;tna!,J fran droth across the chan The le.4 ilt of igratlng dunes and ba s in natural alluvial streams

ne s,,ar 11 To erSiinate th' naMurn natural scoured depth a can toe as maLch as rialf the depth of flow In c1hannels subject to

nultaiprng factor inult r, J }able 4 5 gives coefficieits bed forms (Fifjuze, 4 17 and 4.18) allowance shoold therefore be

TecommenIeaf by the Inian code iafter Laceyl, baselj mainly made fo, a possible depth of scour below gr-ral bcJ levels of up

uoon consideratoons of cross sectional shape Tie Coefficent for to 25 per cent of the average depth of flow at flood stage. Judg.
'noses of rPers' wliOh derives fruom eirly Indian experience with ment must be used to decid whether tis figure should be added

rilavi'l, larq( crCrl i' 100r 5 ca ot take into account the to the estimated natural scour at bends The factor of 1.25 for
lritrIrtant factors (r, ;,ir widili and aliryimnit For rlatively straight reaches qiven in Table 4.4 do.s not allow for bed forms.

siedor pe'rs it is p,oalIy bettor to ,goe it and to estimiate the ha only for the roughly trapezoidal or ellipti.,al shape of straight
local wer Scour saairratil.y as indicaed inl Stectao 4 5 The terms cios. :octors allowance for bed forms as indicated above would

moderate' in 'severe' for bends presuimably take into account increase the factor i. approximately 1 5
both the deflacton angle and the ratio of channel width to radius An allowance for scour due to bedform migration should, o

of culvature, bult Mor, precise guidance as not available. Judg theory, be made also for certain controlled vaterway openings.

ment trust be used to determine whether the maximum depth but in most cases the procedures recommended in Section 4.4.
Mght shift to any piea in the course of time (se Figure 4.11). combined with adequate safety margins, probably make sufficient

Careful evaluation of channel trends and processes is advisable, allowance. 275
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SW ter level as surveyed Flo _ t re c St g
[ Ref erence Stage

L ,(mean 
0)

b 20 feet

0 5000

Horizontal scale in feet

Figure 4.17 Longitudinal profiu of migrating bed forms in a
river with a sandy bed.
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437 Combination of scour effectsand should be taken into account in the final analysis:

selection of safety margins - reli~blily of basic data, especially hydrologc and geotechncal; i"'"

">- probability that extreme flows might exceedliits selected for' :Combinaionofscour 9

104~~~esg euistimriateysaui;

Scour as estimated according to Sections 4.4, 4.5. and 4.6 should design.estimates;
- foundation type and liability to failure in event of actual scournormally be combined as follows. exedn esiae scour;:exceeding estimated scour: 4-4

1 " - seriousness of consequences of total or partial pier failure;

Estimate the average level of general scour in a controlled water- - experience of the designer in comparable situations;
way opening according to Section 4.4, or of natural scour at an - additional cost of providing more security,
uncontrolled crossing according to Section 4.6.

A, "Draw the estimated scoured cross-section or the envelope of worst
scour, with reference to Figures 4.11 and 4.13, Table 4.5, and .

precedingrecommendations.
3
Estimate the local depths of scour at piers according to Section /7
4.5 and draw these below the gen~eral scour levels to obtain mini.
mum levels at pier locations (Figure 4.1).
4
Consider the advisability of allowing for progressive channel pro.
file degradation or migration of bed forms, and modify the levels
accordingly.

Safety margins against scour
Because of the inherent uncertainty of scour estimates and the
complex considerations involved, it Is difficult to give general
guidance on safety margins against scour. The following factors

.277:'
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4.8 Common backwater effects and their relation to arising from this type Is seldom large, but may be significant n

the waterway opening occupied Preas.
3 X

Types of backwater effects Backwater In a river with flood-plain, where the road crossing is

Backwater refers to the raising of natural (flood) water levels as a more or less square to the valley but the road approaches block

result of the constricting or obstructing effects of bridges and off overbank flow (Figure 4.19c). In these cases the afflux may

associated road approaches. The height by which the natural level be significantly greater than in type 2.
is raised at any point is referred to as 'afflux. iThe effect of guide banks (seSection 5.), appear to be

It is necessary to distinguish between the following types of eect o de bak arefects 53 appr te

backwater elfects. generally to reduce type 3 backwater effects by Improving the 4backwter ffecs, 1 -hydraulic efficiency of the opening (ref. 4.12), brit there is some :

doubt as to whether this is necessarily true for steep streams.

Backwater on a flood-plain resulting from consituction of a long, In some cases considerations of allowable afflux rather than

skewed or curved road embankment, where the bridge opening is scour may control the waterway opening size. In other cases

in effect located up-valley from one end of the embankment estimation of afflux is Important where damage is alleged to have

(Figure 4.19a). The backwatcr effect alorg the embankment resulted from enhanced flooding due to road. and bridge

arises from ponding of water along a line runuing obliquely down. corbtruction.
valley. In the case of steep rivers v,.th wide 'icod-plains the effect

can be very large. since a large pond is crtatcd This type of effect Effects of scou" and other factors on backwater
can be prevented by choosing a suitable location and alignment, The effect of general scour in the waterway opening is to reduce

or by providing dikes to close off the affected part of the flood. the afflux that might otherwise occur as a result of type 2 or 3

plain from flood waters (see Section 5.5), or possibly by provid. backwater effects. The reduction can be allowed for in the

Ing a relief span. method of estimating afflux mentioned in Section 4.9 below. If

2 the consequences of backwater are important it may be advisable

Backwater in an incised river channel without substantial over. to estimate afflux on1 the assumption that scour will not neces.

'spill, resulting in part from constriction of flow through an sarily occur. Artificial enlargement of bridge waterways by

opening somewhat smaller than the natural cross-sectior. and in excavation, to reduce afflux, is discussed in ref. 4.14.

part from obstructive effects of piers lFigure 4.19b). 1he afflux

if . .. ~. .< > K .4 iN. ~,,4-j>~<-~ 07 4' ~ t>-'~,~ , '-4 *K.-.i
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A'+

t b

a

- ---------- 
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C
Figure 4.19 Three types of backwater effect associated with
bridge crossings (Wl effect of a skewed embankment across a
'iod plain. (b) effect due to constriction of the channel flow;
(c) effect due to constriction of the overbank flow, both

278 without and with guide banks.
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In many Canadian rivers the stage discharge relation (see 4.9 Calculation of backwater effects due to
Chapter 3) is unstable and poorly defined, or is subject to erratic bridge constrictions
deviations as a result of ice or drift accumulations. In such
circumstances refined calculations of bridge backwater effects are Several detailed methods for calculating type 2 nnd 3 backwater
scarcely warranted effects due to bridge constrictions are available in the published

literature. Only a brief discussion of their principal features will
be given here. The basic theory of flow through rigid boundary,
open-channel constrictions is outlined by Chow (ref 4.1.3), pp.
475-93

A somewhat indirect method of calculating backweter effects
using charts and coefficients based on laboratory experiments is
outlined in ref 4 13 It was developed as an offshoot of a method
for estimating flooc discharges at channel contractions, and is
sometime. referred to as the U S Geolog-cal Survey method

BPR method
A more diret methid of calculating backwater effects is that of
the U S BuredU of Public Roads ?ref 4,14) It is based ori th,
same theory of shopt constrictions lneqlecting channel friction).
and introduces charts based os further laboratory experiments
and field measurements for selection of aoprooratc coefficients
A cormiputer rcq'arn for solsUto, is availalh from the Btireau of
Public Roads, and variants are aailable from other agpncses
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For reasonable validity of the BPR method the following re- 4.10 Uncommon backwater affects
strictions should be noted (see ref. 4.14":

channel essentially straight and of uniform cros-section; It is advisable to be aware of unusual backwater effects that
approximately constant bed slope; might occur in special circumstances, although they might never
-no appreciable general scour; arise in ordinary bridge design practice.

- subcritical (tranquil) flow; Effects of a submerged superstructure
- relatively narrow flood.plain with no strong concentrations of If insufficient clearance Is provided above the design high.water

flow along upstream side of approach embankments. leveil and as a result the 'low reaches the bottom of the super.'

A procedure for adjusting calculated afflux to'allow for scours structure, the bjidge will act as a shot culvert, If the leading edgeAnproeduin refo. . d. of the bridge's underside is sharp-cot tered, the height of affluxincluded in ref. 4.14,, .

may rise rapid-ly af ter t he open-Prsg is closed..,
For bridges which are designed to be submersible under certain

conditions, it is advisable to provide a rounded nosing on the
leading edge of the deck, in order to improve the hydraulic effi.
riency and to reduce the liability to catch driftwood and ice. The
height of afflux can be estimated by the method given In ref.
4.14,

Effects of supercritical flow
In contrast to the usual drop at a constriction in subcritical flow,

I; in supercritical flow water.levels may rise suddenly at the con.
tracted section. The phenomenon of 'choking' is particularly
likely if the Froude number only slightly exceeds 1.0. 'Choking'
may occur even in subcritical flow if the constriction .is severe
enough. For details see ref. 4.15, pp. 248-9 and 116-18. Ref.
4.14 discusses the case of flow passing through critical depth
at a bridge.

Supercritical flow is not common in natural rivers, but occurs
In certain mountain streams and artiicial channels. 279
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5.1 Protection of foundations against scour

5 General princliples of design
The need for scour protecton can be minimized by locating
briges on stable ,onqeot~a, reaches of channel and byplacing

Scour protection foundations on inerodible materials However, as indicated innd ch nn l eczo,o I, arid 25.,sch d olutiono,,rnot always practicabl,
and channel economical, or desirable from d road ahgnment standpoint.

Having estmated the proboble lowest scour levels as indic.ted
in Chaopte, r 4, several choices are npen to the designer in selecting
the p pc and elevation of ihe foundaton (Figure 5.1).
I

Place' thi. botton of tho prr fIcot m below estimated lowest

scour levels, making allovwan.e for loCl scour cakjred by the pier
shaft arid footing, and inclding ain aiprovirate margin of safety.

(See Section 45 for effects of footing, on local scour.)
2
Place the bottom of tIhe pier shaft below rStimate( lowest general
scour, and provide protection against local scour effects as indi.
cated below (See Section 4 5
3
Support the pier shaft or footing on piles or columns sunk well
below lowest scour levels, and designed to be seAure when their
upper parts are exposed by scour.
4
Construct the pier in the form of a row of piles or columns
without a footing or solid shaft, sinking these well below esti-

280

Scour protoctlon and channel training worts 11

1 2 3

Figure 51 Var ious wavs of catering for scour i the disgi of LIN

pier lound,,!ri (S' also F igure 4 15), 1, bottom (f fan:.i "q i

placed we'l bcl)w th, tit . natid luwest scour le.i. 2 .ri§ ri,.,i .,..

placeod below tic qri,2 ra1 scUir le-vel and pro:ecttiJ fr a ri;, rip---
apron ajriinit lica! i(n t,. 3, pier sup)por id oi plilies dvslgrtd tw -

wiltistiru the exticr e o! tlt-l ulrpc ojr .is %ilh alr-'tves in, i

4. piles contirud up .,rrd% to form a multi coumn pi:r, arid ioviiOU,
5. rip rap apron tiliced j in 2. G. foiolipil putlecitd bV d Vrs~lt

pile skirting
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mated scour levels and designing them to be secure when their 2

upper parts are exposed by scour. Footings or caissons should, if possible. be kept well below esti-

5 mated general scour levels.

A, in 3 above, faui Jrrotect the upper paiiit of pies ui columns 3

against exposure by local scour Protecting shallow foundations by heaping stone around them (a

6 practice often adopted with existing bridges) is often an unsatis.

Potiect tie si lad fci:wi,j or piles uridi imnirvjihi r n, .ans factory solution because the stone tends to require continual

of a sheet-pile skitiril ti..d to the founditron The skarlivi must replacement and the heaps reduce the available waterway ,rea,

itself be desigried ajiamst scour and loss of support. thereby increasing average velocity and scour between the piers.
4

The choice among the',, and oiti possible alte~natlves

on a jteit marry factrs includng load bearing reiurre- Placini a spied footing directly on a non cohesive material not

d-'riSUs ,ncluduioder, en ics, far below the estimated scour level necessarily entails a certainme'rts, suoscl corditoris a .luaIl'r crcorintered. ecornrmics,
amnouct of risk, because of the present uncertainty of scour esti.feasible con stl rio me Iho01 and schfi'dirle s. irispect ion pre
males, and of poissible accidents and unforeseen regime changesuJ'es, etc Tire follhiwirr prrints maly he relevant ii making a

choice, that might produce worse scour The advisabithty of using piles

driven well below the estimated scour level should always receive

I consideration, because the expense of sinking a caisson or footing

Since the worst lical scour at a pir or other obstruction is very in non cohesive material to levels easily reached by piles is usually

directly related to the width of the obslIiction (see Section 4 51, prohibitive

it is important that oicr shafts and footings liable to be exposed 5

to strong currents should be as narrow as is consistent with struc Where there is a history of lug or ice lairs, the possibility that

tural reQurrenerits Noses should be itreamlined and long axes severe scour may occur as a result of massive blockage of the

should be aligned parallel to the principal local current direction waterway opening should be considered.

In shifting channels where current directions are difficult to 6

predict. it may be idvisable to control them by means of training Use of a sheet pile cofferdam to protect footings and piles may be

works, or ti employ a pier consisting of a row of separate circular detrimental if the cofferdam is much wider than the pier itself,

columns (The '%t solution may not be attractive where the since its effect may be to reatly trcrease local depth of scour.

stream carries heavy ice or floating debris,)
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Protective aprons around piers and footings since the clay plug will become an obstruction to flow, increasing

Where it is economical to prevent the development of local scour local scour beyond expectations and losing the advantage of an

holes immediately around piers, aprons consisting of stone rip otherwise slender and hydraulically efficient pier shaft. Excava.

rap, flexible mattress, or other suitable materials may be pro lions for ipread footings in cohesive materials should be poured

vided The apron should preferably be laid so that its surface is neat where possible. The backfil; material may either be clay, a

below the expected geneia' scour level. Where this is not prac. suitable coarse pit-run gravel, or stones, placed sip to the top of

tlicalile it should b' desiqred a- a launchring apron, as discussed the cohesive stratum or other selected elevation,

subsequently in Section 5 8. arid the reductLn in waterway area Temporary sheet-pile cofferdams used for construction put.

caused by its prresence after launching shrouild i, taken into nose should preferably be removed unless this is liable to cause

account The apron shour! trilect arsuind the nose of the rer by deterioration of the foundation material. If left in place, they

a distance equal to 1 5 tin s tIe pier width, and should be eaual should be cut off at of below bed level, and any projection above

in thickness to twice the [),, site of tie ttone 'lh,: stone si.e may expected general scour levels should be taken into account when

be selected fiom F igure. 5 4. tai, nut tho local velocity as approx- estimating local scour

niately 1 5 times tihe m :- velocity throug " th watewvay oli n Berms used for cofferdarrs arid for construction causeways

,nq Where tile cost of :-' rimis airpre abi'. ,it rm~ay bc advisabh: should be removeJ and the river-bed restored to its original

to corduct niudtl teIs as an a d to estinitiq tr,' rvquite: sSotri natural condition iniriediately upon comprletion of the work or

site and apron etent prior to the flood season 'he use of earth berms in lieu of sheet

pile cofferdams and worl, bridjes should be viewed with caution.
Afaintu'nralricr' and rorsrr'": or nrurp'dures arid consideration must be given to the adverse effects on pier

Debrris caught our p et
, 

s" cild h removed ai. soon as p)ossbIe scour and channel regire that rray result from temirorarily con-

SurveIs shtuud be rni,:t atie- floods and jarn!. us,",q divers vwhere si cling the river. Work cureways should tie designed to wash

warrantd out in the event of an Unus',ll flood en,rg ric ,
Foundation e~c;,..,<- .n gianuler beds nar, usuallv ti back NtALural vegntatilir' v.hh serves as urotectiori agamnst erusion

filled with tIre ntura' ri.er ied mateua!. D.rirrg winter construi shouhd as far as possible Il. preserved during construction, and

lion it may be ne esii. -. TO Oackfl' usriq d v. irr irterl ir,iular due wenight should I' g.v r to ti ' effects of alternative construe

material. For this purli' , i t ran sands arid grav s with gri" $n.e lon procedures on the natural regine of (ie stream and on the

reusornably rcpresvntair. . of the bed maternal may be used Clay biolojical habitat

should not be u-ed for trckfill,ng pier excaat'ons in sand beds.
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5.2 Applications of bank protection and training works channel away from the base of a valley slope, thereby allow;trg
a reduction in bridge length and height;

Reasorns for use - to s!cure existing wcrks, or to repair damage and improve
Mane bridge sit-,s rer;uire the use of ,cme type of bank protection initial designs.
or trainin, orks to rot-,rt thc. 1oose rnd ;is apt:rolches from

damage by flood vater Modem standdrds of road alignment are Typets
leading to rn.LeI.1', Use n' trirr q works to make naturally The prncipal tynes of bank protection and training works recom.
infavourable slts usablt' Such w,, %ril d always De considered mened for us2 at bridges are as follows:
as arr alternative to roirtng trc roadle,.ry to a more fasourablcbridgeSite lo~d rrict~i t riveroy trrhou mre favur le - hanl" arid slope revetment: rip rap, paving, or other covering
optriirr se A of trangri works plac'rd on a stream bank, embankment, or headslope to prevent

erosionl:
Specific functio- of bdr l Pirfutcihon and training works in

elatioc to rrrfrjos anid their approachet~s include guide banks (sometimes referred to as 'spur dcikes: enibank-
nrerrts constructed more or less parallel to the ilreanr to direct

to stbilize eril ig river banks and channel location in the case the flow smoothly through the waterway opening:
of shifting strejirs, spurs (sometimes referred to as 'groins'): embankments or

- to economize on bridge lengths by con'tricting the natural walls constructed more or less square to a stream bank or
waterway, shore;

- to direct floe, parailel to piers and thereby to minimize local - dikes embankrnents or walls con;tructed to prevent flooding
scour; of lands adjacent to roads and bridges,

- to improve the hrdraulic effic ncy of a waterway opening. - channel diversions' artificial cuts made in order to improve
thereby redu rg aftluv and scour arid facilitating passage of ice flow alignment through the bridge opening, or to facilitate
and drift, layout and construction of adequate trainng works of other

- to protect road approaches from stream attack and to prevent types.
meanders from foldog on to the approaches. Other devices someti res used, such as wire fences, steel jacks,
tso permit constriictrn of a square bridge crossing by diverting willow mattresses, pile rows, are not discussed in detail here.
the channel from a skewed alignment;- to reduce the over all cost of a road project by diverting the Many of these are limited in their application because of their

ugly appearance or their inability to withstand ice and drift.
282
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It is difficult to give general guidance regarding the particular
type of v.-mrks to be used in individual cases: much depends on

feasible consiruction methods. Their design is to a large extent an
art, and many questions concerning the relaiive merits of various
types have not been definitively answered Extensive information
ort applications of bank protection training works in river engi
neeriig can be found in refs ,5 1 to 5.4 inclusive, Figures 5.2 and
5 3 show several tyes of works in use in highway practice0 Genera7l piic pre$ of d'tg'i and coerIteuctioi
The follownq p..-rwlhs should hi' followed irs designing and con

struc ing bjrL, tirrt':ct ,nn and training w orks

fire c ,? t ., ,'d ,i. i t d ll, - th, , -f ilisto bu d,iir'ed Pr'lfirna/rlrt

works s t;, ' ii, fI, initintirtI bridgij; ofi, irami roads and
Where thI, its ll, o' fa,!u', would be intleraibih, Expendiiblk

!4 * work' n.', b " Js :I re',' traffic voliunes are light. alternative

I 2 ' t rs(.'s e'( a.5 i - i ar th, rin i of falure is acceotabli

Der iri 
1

','i 'd n srud,, , Oi charmwet trends arid plocesses
aiti on ',' viC i. i cri ir';,hI,, siitulU tii s Ili' ultn,ali

efsct'.s cf Ihi. v.orLi or Il ti( riitUrl (.hdrl l both downstrearri. .. ... . arx u )l 1l, r c rl,, ,.d3......

Site recon aisarc, b,' the d ",igner is highly rdesirable It circur
Figure 5 2 Aesia olbliqir fioirtgraph showing various types of stances prevent on s-i' rnhperton aerial reconnaissance or air-

training viriC, s on a biard.'d 'r. .- i'v e, 1. dike, 2, sOurs. 3. guide photestudy are poSSible SiUbSttIutes

bar . 4 fi otocr'i ermhiv n,, it e ,nh - oin. (Constructed 1062)
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-Pa

P ., , ,

Figure 53 View of a gude bank from upstream, showino
corncrete slope revetment and rip-rap launching apron. 283
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4 5.3 Bank and slope revetment

The possibility of using model studies as a design aid should
receive consideration at an early stage Selection of revetmenr type
5 The type of revetrnent to be used will depend upon the cost of
The works should b,' inspected periodially after construction materials and upon considerations of durability, safety, and

with the aid of surveys, to check results and modify the design if appearance Commonly used types of flexible revetment include
necessary. Th first desgn may require modification. Continuity stone rip rzr, stone filled wire baskets (gabions), wire mesh over a
in treatment, is opposed to sporadrc attention, is advisable, layer of stone%, bagged concrete, and articulated concrete slabs.
" Rigid types include poured concrete slabs, soil-cement, asphaltic
Ir lieu of rioirr! iqr; ani e., trriiq to,, or brjeril,. corisieialiori conrfete, arid log clts
should he giver to r-ccalrirg it away from the river hazard Attention is concentrated here on stone riLp rdp because of its

Reference slroiid also b nra Ic to Si.-ctrtor ?)5 regarding basic considerable advantages over other tytes in mainy circumstances
Refeenc shold lso , m le n Sctin 2 regrdig bai 'to quote r-,! 5 1 in a ,bidbd fofrondesign crirrtr'a for hrrd,4. crorrrg. and to Section 4 3 regarding

procedures for des'grs of wat,'rv-ay o n irig - it is flev ibli and is not rrtpyired by slight movement of the
emtbanknerr resultrng Ieoirn serrienerit

- local lama§, is easily repalied,

no special eqoipm it sir construction practices are necessary.

- appatance is natual.
- vegetation will ofer, giov, through the roeks

- additional thickness can fte provided at the ots, to offset
possile scOiur.

- wave run up is less than itth srio-th tylirs

An additional advonta,,- in. thdt, for pr-desltrans it presents less
darnger of shipping (lhan criLCret slab; Or other srJOtIh tvpes of
ravetiment.

The other types of flexible protection msint,onied above have
all ben applied successfully in road and bridge stractice, but some
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of them are more susceptible to ice damage than rip-rap. The use (ref. 5.5), which reads as follows: 'A rough guide is that a large.
of vegetation consisting of willows and dense bush should be sand bed river will normally need stone about 150 lb if it does
considered. Natural- bush cover should be preserved wherever nut have a very large bed-load; a small one might have stone as
practicable during construction, small as 50 lbs. A gravel river with small bed-load charge should

The most common type of rigid revetment ccnsists of a re- u,: stone at least twice the diameter of the largest material that
inforced concrete slab, usually 4 to 6 inches thick, poured in rolls t ' the bed, if moderate attack is expected; for very violent
place on the embank mnt It is used where a permanent type of ettack, as at a major spur nose, three tiines size is safer.'
( otection able to withstand ice and debris is required. The design 3
Shrould include a granular backing and/or weep holes to reduce The required size of stone for stability depends theoretically on
hydrostatic pressures during falling stages. The slabs should be the local flow velocity adjacent to the slope, stone density, depth
terminated m such a way tl'2t they cannot be *peeled off' by the of flow. degree of turbulence or eddying, curvature of flow, and
current, either by turning tnem irto the bank or by placing a slope angle. Practical formulas and charts published by different
rio rap transition agencies vary considerably in their predictions, however (refs. 5.1,

5.6, 5.7. 5.8). A general difficulty in using hydraulic criteria is
Ceterminarion of rip-rap stont size agrsnst srrevjn flow that the size obtained is quite sensitive to the assumed flow
Methods of selecmng the stone size may be divided into three velocity, which may be difficult to estimate in practice. A sys-
categories - local experience, empirical rules, and hydraulic tematic method of allowing for curvature and largp-scale turbu.
charts or formulas !ercc is also lacking.

1 .- gure 5.4. adapted from ref. 5.7. compares graphs of stone
Local experience may be relied upon where sulicient installations size vs. locai flow velocity against the slope, based on the recoin-
have been tested in service under floods approximating so design mendations of four agencies in the United States. The spread is
conditions On the basis of such experience some organizations quite laroe, but it should be noted that different agencies use
have developed empirical data on required stone sizes for the diferent criteria for determining the representative size of mix.
various types of situation they encounter. Such aii approach was tures. Adjustment to a common basis, say Dso, would reduce the
used extensively in the past and still finds application, discrepancies. A suggested compromise curve, assuming a specific
2 gravity of 2.65, is shown on the figure.
Empirical rules that may be mentioned iiclude that of Blench In the absence of data from the field or from model tests, the
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" local velocity against the slope of an embankment more or less
S,, , , , ,, parallel to the flow may be taken as approximately two-thirds of

the cross-sectional mean, where the channel is straight. For flow
around % severe bend, the velocity neitr the outer bank may be up
to four-,hirds of the cross-sectional mean (ref. 5.1). Local veloci-
ties P. "sle noses of guide banks and spurs may exceed cross.
sectiolr; means by considerably larger factors.

' ,' Where rock is quarried for use as rip-rap, the average size
specified generally affects the cost to a relatively minor degree, so
that refinement in size selection is seldom warranted. Where use is
made of boulder deposits, however, estimation of the minimum

r stable size may be more critical. In view of the uncertainties in

I .the data quoted, adequate factors of safety should be allowed
where failure would have seilous consequences, especially in loca
tions s , as the entry to a contractron where the bank may be
subject to severe angles of attack

/ Ref. 5 9 may be consulted for a theoretical discussion of thre
resistance of stones and precast shapes to flowing water.

-- Rip rap grading specifica roo
Th.re seems to be fairly general agreement that the exact size
distribution of a rip rap mixture is not critical, but that it should

form a smooth grading curve without a large spread between

_L "" ..... " . Figure 5.4 Graph ol rip rap size vs. local flow velocity, corn

paring the recommendutmons of four agencies in the United States.
It is suggested that curve 5 be used as a guide.
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Table 5.1 Suggested stone rip-ssp gadings for median and maximum sizes. The size obtained from Figure 5.4
%I, cam bank ienetment' should be taken as the median diameter (Dso), which means that

cil.1 50 per cent by weight of the mixture should be larger. Stone
.iiniai 12 inch duiini,. or 91 lb 'iei t I shape should be as ntr to cubical as practicable: in particular,

Alioi,*,Afle loral veloco,, up to 10 lit/serG,,dI,ne ip,-,.iwcI,o, thin slab shapes should be avoided. Stone should be subjected to

100' sr.,,r than 18 riches or 300 ib soundness and durability tests.
at ist 20. lag- than 14 nches or 150 ib Table 5.1 givs suggested grading specifications for three
it i-ast 50. lIrgir th.ll t 2 inchLeS or 80 Ib
at least 80' lger thain 8 iches o, 25 lb classes of rip-rap which should be suitable for a fairly wide range

of streamflow situations. The table indicates approximate local
riri 20 mi ivelocities for which each class is suitable when used on side slopes

r({tN ar 20 inch rlm*1 ,, 4DO lb w-,ght

AiloI-iti local ,i,11 or) o 13 lt/'ee of I upon 2. On steeper slopes the allowable velocities should be

(irdinq specifcition reduced somewhat, and on flatter slopes they may be slightly
1oo r, 0 , lha 20 t rch-s 5i00 lb increased Flow is assumed to be parallel to the bank.

at l1 20" 0, ,'. 21 hes 1r, 700 Ib
.51 ir':r 50 , ,io , n 0 'ichruS . 400 ;b
ar least 80',, th,n t2 inches or 70 lb Rip-rap thickness and placing

The thickness of the stone layer measured normal to the slope
Chuss Ilt

Noinal 3c) -P. d , w lb00 It ,eighshould be at east a; great as the long dimension of the largest
Alloiivbli c-Ji vhoimimy ii toi 15 ft/ic stones in the specified grading. Ref. 5.1 recommends at least two
G,,ili,-g il-'o ain layers of overlapping stone so that slight loss of material does not

I 00 ' silri'i iih. -18 ince Ouro 5000 Ii)
ai cr51 20-. 0,,, t ..... . ich s (. 2500 ib cause massive failure. Unless the embankment consists of coarse
,I lei 50. Ia . li, 3) ,nchii' o, 1500 Iti gravel, a granular reverse filter blanket should be laid under the
at leo- 80 ,r,-- lh,, 2) nch,s or 400 ih rip-rap to prevent the embankment from washing out between

Norle the 1), rceci m1ti ,sie ty eight the stones. For narrow channels, the reduction in cross-sectional
it,- %,'s q (cirtd ,re i'cc.iienit spherical drarr'telei, area caused by a thick layer of rip-rap may be significant, and a

1 24 J/oime. thinner form of revetment, such as a concrete slab, might be

the relave -c yV ii assumed to b! in the range preferable.
2 4 to 2 9 unor a tze ,ne.-Ihl consrion chat The method of placing rip-rap is important in order to obtain

aee qu, 5 5) the desired benefit. Individual placing of rocks is not often jussi. 285
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fied economically, but strict construction control of dumping is 5.4 Guide banks'

necessary to ensure proper meshing of stones, a reasonably even

thickness and surface texture, and an even distribution of sizes Uses

without protri sion of isolated large stones. Isolated projectons Guide banks (Figure 5.3 and 5.6) may be used to confine the
may provoke severe eddies leading to failure flow to a single channel, to improve the distribution of discharge

across the waterway opening, to control the angle of attack, on
Stone s-o ti weight coivrrnoi piers, to break up meander patterns, and to prevent erosion of
Figote E 5r shov: thu relationshlu) between 'he stone weight and approach roads. Two guide banks are generally required when the

equi a''it sphrical darneter for specific graviti,9 of between 2 4 waterway opening is located in the middle of a wide flood-plain or
and 2 9 The equivalent spherical dairi-ter 1),, is defined by braided stream where the direction of the main flow can shift

from side to side A single guide bank may be sufficient when the
1), 2 1 \ 'chirt ' (5 1) stream is corfined to eire s.dk of a valley, or where advantage can

be taken of a natural irrerodible btk on one side (Figure 5.71.

Ref 5 1 q'V's data reatring the wolunme In the principal dumen

smonis tI, qti a 1.5eometriical shap-'s Width betwee guidr' , anl

The minimnnim vcnlth btv.'een guide banks should be selected to
provide the required waterway c,"sening area through the bridge,

as discussyd in Chalte, 4 In adrution to limitaions imposed by
allowable scour, backwater. elc , the degree of constriction may
also be lirmitid by construction procedures- it is dfficult and
expensive to place an eath embankment in flowing water, arid

preferalile to construct it oi, dry land or in still wati-r. When

choosing the location of guide banks, and before pruceding with

a fNo design, it is essential to check that the subsoil is capable of

carrying their weight.

In some publications these are referred to as 'spur dikes'
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286 Figure 5 5 Stone size-weight conversion chart.
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l ,  
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shoa l n 1ow-sidi n i i t(n lptc.il .lwpp is pr fct,ibiv on ltle inner

bank tiII I(). lid C,)fl n77ir6 1 iA Ofi s'ra]gh aid ctirvicd baok $ on a

charnel ti.nd
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Length
Various authors (refs. 5.5, 5.10, 5.11, 5.12) give rules (,f thumb

for determining the length of guide banks on spilling rive s, which
relate their length to the width of the waterway opening. It is

suggeasted that in unstable shifting rivers guide banls should

extend upstream of the bridge cenireine by approximitely three-

quarters of t1 waterwa, ctrining width, and dp .nstream by
one-qJrt,.r %',inth lFrrure 5 6a) This guidehir., can, however, be
mod'l.ed to suit naturel features and observed chamnel behaviour.

For examule, when the stream's erosive tendency is known to be
biased to one side, a shorter length may be used on the other
(Figure 5 6d. In other case%. short lengths may be built initially

with a view to extension later, should subsequent channel be

haviour so require
Spring (ref. 5 10 stated, with reference to the shifting alluvial

rivers of the Indian subcontinent, that 'the length appears to be

Mino Cilnni CO~d dependent upon twvo considerations, first, the distance necessary
to secure a straight run for the rier to the bridge; and second, the
length necessary to prevent the formation of a bend of the river

above and behind the guide bank circuitous enough to breach theI EI main railway approach embankment.' Figure 5.8 illustrates his
reasoning.

Andreev (ref. 5.12) related the recommended length of the

Figure 5 7 Airphoto illustrating the use of a short guide bank on guide bank to the relative proportions of flood discharge in
channel and flood p1 si respectively. Figure 5.9 summarizes his

one side only Note that the construction of a large storage reser-

voir upstream lustified the substantial degree of channel constric. recommendations, which appear to be intended for cases of rel3-

tion in this case Note also the sand bars visible through the lively well-defined channels within flood.plains. The resulting

shallow water, lengths are considerably shorter than those given by the other

authors quoted. 287
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( I ,.rr , W ,i,. n
a b c

F iire 5 8 Cositder Is t n selecting tn, lnngth of olite bcnks i F 1 i j n ou(-n Ar..n -d

in l,,ge all , ;! r10 l S. ,,'.Lord -, '. t:j S pi',' , 'f ti 101 (a: brirl-' .
and gu.: li,. si u, ri. fl., In', lu n'ftk th, sl<e wved I iow ard nd

riijil.iu ci {.s CO'lt n Ib) shwt, r.,gtli of biefijei perrlrlig a a
more 'ffIcit1 croIs seCtoirr J hii 51, gn,.l bar'. (L) eCu1, .

stl'vy sh(it Jq.iili tir p rn, ,i' it,, tpre"Oc 'riig of t'li apreiich -

road after I'-ve opmi, ,t of a larg., mcandr bend; (d) longer

gudle baris5  
lirf veriltig situatior; (ci inrd providing dead water

protectlull to the appioach to. (I in area A.
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bad -_El, , ..

at, e, rwr

a

Figure 5.9 Andrecv's recommendations (ref. 5.12) concerning

length of guidre banks in flood-pidin rivers. The procedure is as

follows

1 Determin the 1 i ) w(l wi W i is the total de ajn

discharig,, and ]. , the charin l jir ii, of (.

2 DelrrrrrnIII. 9.- i1Y'trI iitd . leriqth I , hrc C ,i c- ".'
Uuiij th;, ft,(.. . : ~jjt+
() 10 1 2 1 25 15 1 75 2.0 25

I 0 0 15 0. 045 06 075

3 I[ c, (i it dvdv t, 1ufh, Lt°'c-ven thr Iti banf s in the

pro:porloii 0, , fc,,d pljin d,schrg rati , , -.

4 Male tt,'. len it i abut on 1110 III LtAfl

5 Adljust 1o ',uII iO. ,I ta rU' , .

b
F gure 5,10 Typical guide bank crto section (a) and note

detail (b).
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P/ain shape Guide banks should normally extend above the design high-

Confictirrg recommen rations on the plan shape of guide banks water level, with an appropriate freeboard allowance. The ele-

o-cur in :he literature but majority opinion favours converging vo...n of the deadwater pond trapped behind the guide banks

curv,-d banks foirrrrng i el moruth entry to the waterii orien (se Fgure 5.8d and Section 4 8) will be higher than the flood

ing Kr skt (ref 5 131 rwcorn"i-t a (tuarter section of an ellipse stage at the bridge by an ainiount appro,.irnately equal to the

,ith a ritro of major to mii :, -s of 2.5 to 1 (Figure 5 Gb), the normal fall along the channel inside the guide banki, plus the

arr. rrt a I i..: to the pincipal dritrcrr . .1 elocity head oi the ConttrCled waterway.

fiend floe. Itrolnr , tre hot Tns slHioe aot.ars particularly Lower g rdn banks that can be overtopped under high flood

surt.irh' whrr the (Irrvoitl c ri if 'lu.. can vary conditions riay be preferable in some instances, esp.,cially where

StrtJight.r,tfle luid' hrarC
"

s ehin le trd .uccessfLIIy in cer the back,,ater induce
,
4 by a higher bank would be unacceptable.

tai s tu.i'r , but r,- ;rl I' ', ri-l to caiuse forlitiorn ef a The trio musl tren be protected against erosion.

tor ilo(nqide oii bi
, 

tlei'rotr5 cohcentratrng Ithe fluw on the

iit r tct-oi f ow ii.,' '.', r rI FguJir,, 56 0 In soun siloa
trn

, 
a s bjik )ii tMe ottl, cf a herrr conibrwnd with a

cur vrcl harik oni thl rln ,' r.,- j I . tr urlvr'iltii t solution (Figure

5,6d).

tI . sectorn Irrd ho.'lht
Figyil 5 Oa rown i typic.il errbarhment section for a guide

t,,j (wic also f~gie 5 31 The iglk of sdotc should be selected

t0 SO. sutbsoil corirht,0ns, the angle of repose of the embankment

material, and lhe tj, of slote, rvetnrent provided The steeper

it slope, the si allr will be the area requiring protection, but

the heavier vill be the required revetment. The top should be

wide enough to accommodate vehicles for construction, main.

tenance, and surveys The ends cit the guide banks should be

rounded (F njrre 5 10b) Protectier, against undermining is dis.

cussed in Section 5).
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5.5 Spurs" Orientation
When constructed in the form of earth embankments, spurs

Uses and construction should generally be pointed upstream so as to create a dead water
Spurs may be used singly or in groups to prevent the erosion of pond which provides a 'cushion' to prevent erosion of the up.

road embankments, clikes. or natural river banks, or in lieu of stream ;ace (Figure 5.12a)" it is then necessary to place protec
guide banks to direct the flow into a constrrcted bridge waterway trlor on the spur nose only If pointed downstream to act as flow
opening 1fey can 0)nsist of embankments similar in cross deflectors (Fgire 5.12b) the upstream faces may require protec.
section and heiqht to a gofid' bank, or of timber, steel, or co, tion against erosion along their full length.

crete walls. or Of P-rineable structures tJch as a onuble row of

ilS filed with Ut tires SUIrtabl, [iroictoed enrbvnknerrti, are Spacng arid length
reconfirerndl. a', ir. first choice F igure 5 11 illustrates lr,.. The length of bank trotected by each spur appears to be at least

type twice its proteceld length perpendicular to the current, equally

A smge sniur tend% toi rakso severe flow diturba, rct and do-: spaced about the trolecton of Its outer end (Figure 5.12c0
sLot.r at its out" r d trrs Simirdir nirlally be used on qro,: n I herftoie sturs need not be spaced closer than twice their pro
andI a sinti- i iur s lro I irn gr'a! Iae a nmi:f+ wi., the ia' jectel mlngth For a groitr of four or nrore, the spacing may fe, ut
cutierr t wtiinlil i.' ' or'rst It .rtrnrt. to this r-crrmniei,:, to IOL tii es their p lectet length (ref 5 31)
tron crc bi' adJo,-tI, iit cL, t' C(iCir1tar's Fr,qu, 5 11, Wr trhr tIn chore fewer long spurs or a greater nurmber of
Purssible advtrse of'etrs nh srurs oi nvigJtrlo, ice ptriru., ad short ores depens ucuczri their disturuir-nn effects upon the otno
lo.] transrort sheo ld recerve coriadr, rationr where apsirJrit.' site b.ink and Ulpr)o tht ch.rinnl upsir",Irn aind downstreanr Foin

edrtrwvo ty' lo the IJrtiqs! SIUr that Will not produce ePcess .,
erosion and distitrbance shotld ie used. sine'

, 
the malor COSt Of

this typi v. il the slos' reifvetment and the apron on its ouler ernd

Ir lieu of a srti . (if siort st)urs. conridcratior should be given tro
placing slre)oif vetfnent tIm-ctly aloreg the bank or dike under

attack th, is usiIIlly a cheaper and neater solution

In some ptbitions iest are isdo' trs as gaosins
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5.6 Dikes

'a) Dikes are normally constructed on a flood-plain to prevent flood
" . waters from bypassing the bridge waterway opening (Figure 5.2),

a or to prevent undesired backwater effects, especially where
property might be adversely affected (see Section 4.8). In some
cases they may serve two functions! to prevent problems arising
from the road and bridge works, and to a: .iate preexisting
problems. One of the most common applications is where a road
crosses a wide flood-plain valley at a substantial angle of skew,
and where the river gradient is such that a significant raising of

flood 'evels would occur at one side of the valley (see Section 4.8
b and Figure 4.19). Anothter applicatinn is to control drastic

channel shifts on alluvial fans.
The essential requirements for a dike are that it should be

impermeable, high enough to prevent overtopping, and secure
against erosion. Generally the top should be wide enough to serve
as a roadway for maintenance purposes.

In constructing dikes, care should be taken to disturb natural
vegetation as little as possible, and to avoid ditches alongside that
might develop into erosion channels.

p to 2p p to 2p
C

Figure 5.12 Orientation and spicing of spurs: (a) spurs pointed
upstream, (b) spurs pointed downstream; (c) approximate area
protected by a spur. 291
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5.7 Protection of banks and training works 4
against undermining Pave the entire bed across the bridge waterway opening, This

method is economical only for relatively small streams. Scour
Methods tends to occur at the downstream edge of the paving unless this is
Lack of protection against undermining is a frequent cause of tied into a natural inerodible formation or unless an artificial
revetment failire (Figure 5 13) Basically four methods may be stilling basin is formed. Stone sizes for rip-rap paving may be
used to prevent undermining (Figure 5 14) estimated with the aid of Figure 54. Paving may be used in cases
I where a launching apron is unacceptable because the scour asso.

ciated with it could result in a sliding bank failure The specified5c iclvts' art~ curt rue i. slop,' r L-.etrnerit dlown to an irierodrll
elevation of the paving must be such that velocities through thenrat.,ri .i or to loltw tht 'Ctect scour level This orethod is the

most permanent, but it may bw impractical or uneconomical t waterway opening ll be accrotable.

derp Scur i relitt Launcing aprons

r Matrialts used for launchinq aprom, include stone riprap, ariculated concrelr matlinj. corlcrete ilocks, gaatons, and wiredo..nri to an irerodilhh, nt3 ro.l o r to b,'los t ri expected %ctui m s h r trrss -n f i er with ione Sto nte rirap is nrosS com
rvel Such W alS are suJW eCt In fl 

L,  
of failure front ei. rli pr %s5tirU' niofl' it il p3 ,t , 3

on ie k ti .S r i ri occur ottS cini l an d i In coie'on e', ch:irl bed the rles gr of slo'n e aprons should
to caus deeper scour tha i paved slnr ?s Th.t' iO of fatlur ttr ,01 b -- based tin th' striit launc hr nq to a slo pen of 1 upon 2 Modlr

irtjbfrom unforhe'i'ru sillaCrC ln reduced fry tOrurrupon r Molii:
ing from unforvs,,f ri st-nor Lin bi, rec, d o d by t'y-9g back lh,2 tests (ref 5 1l1 i.vt- rtflC,ii'r *hat stsuch a slope is realistrc forpiling to de r' (r Sinrilar uniti', sand beds, hit hil. ('frniltv field confirroation seems to har

been repor:'d
Lay a lle ilt' 'lauirlitr q alit'r : .i , .niitill (iii i ii, b'(J lat fli' Ston siis should I." dinternined as for slope recetment (sise
foolur Othiti %'rrt r thtart vdtt scott s fi'cui thinattius Sectin . 3, " Th vtoilume of stone should tic sufficient to covetr

will s-tilt' ar cover tic sir' of the sc,' hfl, or, n, ti~rtil slop.. the findl scoured slr' to a thickness of 1t. times the size of the
IIfirs t'thl is iei' moinrd..1 ltcn cohh'tilit charrul bels lariest stones in the pecified gradinq lTble 5 1), At tire note of

where clfeti sr'our ir aayl (I tbr 1 Is.'' raflly tl' rosS ecer
w De ail s a,'n~lrcts erls ,ctt d,'il t ' br ', qq,. ,,ra guide bank oir piur, there shtould bt- sUtflicir ston to cover he

nonical Detais ar dhscspd sub,,quonll' final conical surfce of the scoured slope. Piers should not be
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Figure 5.13 Results of itiadequate protection of bank revetment

292 against undermining.
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LWL
Natural bed P Natural bed

Inerodible Stratum C apron Lowest expected
a o r lowest expected scour

scour

Figure B. 14 Meth~ods of protectingJ bar~l revetment against

~under mrning: Cal contrue revetment down to inerodibh: stratum

or to below lowest espicted scour; (bI drive sheetple cutoff

wall into ineredible stratum; Ccl lay horizontal launching apron at
or brle,' the natural bed I ,vel rip rap settles on the slope as scour
procecd); Cd) pave the entire h~d of the hrdg. waterway open.

og (elvaton of paving mutt be low enough to rube ac ceptale

velocities).
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located within the launching apron slope unless it is unavoidable.
2 Launching aprons do not perform well on cohesive channel

beds where scour occurs in the form of slumps with steep slip
faces. In such cases bank revetment should be continued dlown to
the expected worst scour level, and the excavation then refilled.

- - - - - '- - - L,mits o prot ction

Aorons must extend in plan around the noses of embankments

beyond the limits of the eiipected scour under worst attack con-
ditions (Figure 5.10) The limits of scour should, where possible,

be determined on the basis of model tests or previous experience.

F, ,ure. 5 15 Sketch plan showing scour susctptible locations Scour depths alongside banks and ltairni works
a;uinJsidse bdnks and training works. 1, parallel flow along bank, Scou, alongside banks and training works is liable to occur at the

2. nose of guide bank, 3, nise of spur, 4. prniecting embankrnont following locations (Figure 5.15):
erni slope, 5, below a bank sublets to direct impingement.

- alongside channel banks and guide tanks, in parallel flow;
- around noses of guide banks: flow in part parallel to the bank,

but with strong spiral currents around the nose;

- around noses of spurs main flow impinging more or less at
right angles on the end of the spur;

- around approach embankment end slopes without guide banks;
- under a bank, dike, or guide bank subject to direct impinge-

ment of Ilow.

With the exception of some data from large alluvial rivers in
India and Pakistan, as in refs. 5.5, 5.10, and 5.11, there appears
to be a shortage of documented information on scour depths in
the above situations that can be used as a basis for generalized 293
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design recommendations. It is therefore strongly recommended 01 1o 1 100-

that, wherever possible, scour depths should be estimated and
protection designed on the basis of experience with similar situa
tions in the river in question Failing that, mobile bed models
may give an indication of relative depths In the absence of any
guidance from the field or from models, the following method to

due tr Blench fref. 5 51 can be used to 9ve a rough indication of -

scoured depth

F stiniti, the flood dtcharg,: intensity 11 (erq-: to velocity X 0000, - l0.. - 1U0.._- L.L".--- --L--.. .
sew0 0orwi C Or e i i trrr

depthi immedialely adj r,rlt to the bark or structure, in cfs/ft & a A-11 or bi -0, 111,j

2
Calculate the correshrori r hi regime depth in feet (assuming no Figure 5 16 Relation of Blench's 'zero bed factor' to 1he size of

bed sedinert supphy) bed material (adapted from ref. 5.5).

ill , / ii.(5,21

whire I t,, Blench's "zero t ,h In.tor .' by F iiire 5 16

3
Estliriti: the nyir imtir si:i rid r|hpti as Ml j1, u here , is as

follow',

nose of spur or .id,'rf. 2 0 to 2 75

flow impinrjng at right agrle-, nn htanS 2 25
flow parallel to bank 1.5 to 2 0

Furthe discu,,n on this p ro',irr may bi fuund in tef. 5.10

(p 48 and following) and ref 5 14
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5.8 Channel diversions priate rivei and wildlife authorities should be consulted. Adverse

effects are liable to occur when a winding natural channel isUses replaced by a shorter and straighter diversion of less hydraulic
Reasons for the use of permanent channel diversions at bridges resistance. The consequences may include the following:
include the following.

- bed degradation and bank slumping vpstream of the diversion;
I- bed aggradaiion and an increased rate of meandering or channel
To (Weert the channil away from approach embankments shifting downstream of the diversion;
2 - replacement of a favourable fish and wildlife habitat associated
To eliminate or reduce a skew angle of the bridge, with pools and shoals by a straight, regular cross section with
3 higher velocity and sediment transport;
To provide a more stable channel alignmernt (in lieu of expensive - dumping of excess line sediment into the downstream reach.
trainilg ivorksl. causing damage to fish spawning ad hatching grounds;
4 - more severe ice action during break-up.
To remloee the c honsifrg from the bas of a steep hill, thereby These adverse effects can be countered to some degree by the
5 ause 

of drop structures or rock rapids to take up excess slope, or5 lby designing diversions to a winding alignment with roughnessTo allow a simrjl structure instead of a series of structures sepa similar to that of the natural channel. Care should be taken in the
6 

constructioti of diversions to avoid erosion and sedimentation:
To reduce flood level or prevent them from being raised by road choice of the proper time of year for construction may be impor.
arid bri dge works tans, for example where fish hatching requires consideration.

Spectacular degradation and erosion can occur in long, straight
Figure 5.17 illustrates a diversion covering points 2, 3, and 6 diversions of formerly w~nding streams, designed without ad.above. equate slope or velocity control. When planning long diversions a

carefu; study should be made of literature on liver regime and
Diffricuties channel stability (refs. 5.5, 5.15, 5.16, 5.17), or specialist assis-
Before designing a channer diversion careful consideration should tarree should be obtained.
be grven to possible adverse environmental effects, and appro-294
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Figure 5 17 View of d bridge crossing a straight diversionoafa
meandring alluvial river
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Design principles Pilot cuts
The bankfull discharge capacity of the diversion should be at A short length of diversion immediately adjacent to a bridge
least as great as that of the natural channel The crosssection and should normally be excavated to its full designed cross-section.
slope fur unlined channels shuuld be so selected that mean For longer diversio,s - for example, a series of cuts through a
velocities ere no greater than in the natural channel at cortes succession of meander loops - the more distant cuts may be built
pn'cing dircarges Where tr'eller cross-sectoions are desirable for as 'plot cuts,* or 'assisted cut-ofls,' i.e. they are excavated
economic reasons, some form of lining or erosion protection is initially to a smaller section large enough to erode, and the river is
necessary, and drops should be incorporated so that velocities in allowed to complete the excavation Principles governing the
the natural channel up- and down stream are not increased. desion of pilot cuts are discussed in refs. 5.3, 5.5, and 5.17. If

It is essenttal that the hydraulics of the designed divcriron br: river excavated material is liable to settle out in the downstream
fully evaluated, giving specal attention to tlh actual slope pro reach and adversely affeL the zoological habitat, it is preferable
v'd,-d, toi thre probable actual toughness aftcr construction, and to to excavate initially to full channel dimensions.
the nonuniform flow prof~le that w,;l probably occur. It is
ger''ally erroneoiis to assume that uniform flow will occur in a
reldtively short diversion.

Inlet and outlet alignments of the diversion should generally
be designed tangential to the natural channel where the latter is
ercidibl-, hut in some cases dirichiing the outlet against an in.
erodible bank may assist in energ'¢ dissipation. Consideration
should be given to designing the diversioni to a gently sinuous

alignment comparable with that of the mcre stable reaches of I e
natural stream, so as to maintain a closer approximation to
natural slope and roughness.
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II I 2 Selection of a trial waterway opening width
Example of partial design according to Section 4.3 and Figure 4.8
of waterway opening For Q - 150,000 cfs, the suggested range is approximately 700 ft

to 1050 ft. Use 1000 ft for a first trial.
The following calculations are intended to illustrate some of the
procedures for selecting the width of waterway opening and esti- 3 Estimates of general sour by regime method 2 of
mating general scour set out in Sections 4 3 and 4.4. They do not Section 4.4
cover a complete hydraulic design. First trial, taking Ws = 1000 ft at Q - 150,000 cfs.

Step 1
1 Given information See Figure A.1 for the incised channel cross-section at

Design discharge = 150.000 cf Q 30,000. Then

Correpond ng high %at r el .tlon 
- 
93 ft above datum Q ' 30000 . 38.7 ftW/sec.

Correspondi g su,f.-ce width of natural channel at crossing qI T 775
site = 1500 ft
Low water elevathn*i - 72 ft atep 2

In order to estimate the flood discharge intensity, guess the totalAveraije rver~ticd clesatiori ,t tow water 70 ft scoured depthi to be 30 ft at design discharge. See Figure A.2.
The river l.Id rnr,rt i ,f 0id /is,. 0 4 im, to a det1i well 1iheri

below exp 'ct id si.. c Ql15'00
From a coris,d.rat,,r i f pier rosis aid probable local scour 111 b,, 162 fsec.

effects, the lov%.,t p'nrri,,,i, level of general scoLr is selected
irlt,alt5  a le tr .5~ Ir .t. ilhrir Sri1  3

Field niea, rvi:niits of th.i i..rf i liinnel gir nectry in a near. By Eq 14 41, J d, ( ) where m = 0.67 for a sand bed.

by iric,siid reich. at a li, h,,j, of 30 OO cfs, give the composite
cross ,t-criin, ,liv ... . F .... A 1 Ihe cirresoinv, m ri g meai .ater = 10 8.7 26ft
su ofo-,,cc aritl m ., ' It v';; tij,sl rf d to tie crossing site. are at

elevitt ris 7f) and G6 It r".' ,; 1 I
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61)-1 -'Therefore the average elevation of general scour is 93 - 26 67
-________ ~ft above stre datum.

.o
+  

-.ep4

Figure A I Composte average cross sectio in an mc,sed reach of Estimate the lowest elevation of general scour by considering a
the river, with , 30.000 cfs possible redistribution of the average scoured cross section. See

Figure 4 13 and Figure A3 Previous expenience with this river,
together with a coisidcraton of the straight alignment of the
approach flow and the intention to provide taming works to
maintain the alignment, indicates that only a modest allowance

In . YJ _ need be made for irregularities in the bed level.

First estimate multiply the average scoured depth by 1.4 to
get the maximum - 1 4 X 26 - 36 ft Then the lowest elevation
of gener it scour = 93 36 = 57 ft

Figure A 2 Estimated average srroured cross section at the water Second estimate try the method of Figure 4.13(a). The low
way oprning, wilth ( 150.000 (step 2 of first triall, water bed elev3t,on is 70 It and the average scoured bed eleva.

tion is 67 ft Then redistributing the 3 ft thick rectangle as a
triangle gives a lowest scoured bed elevation of 64 ft.

Second trial
risca h',ii -T *i va On the basis of the first trial. it appears that a somewhat smaller

- .r , ). wpterwiay opening might met Ire initially selected critefirn of
-----. e:., s-1 lowest pcrmiss'tule gereral scour at elevation 55 ft.

A similar calculation for It', - 800 ft yields estimates of the

lowest general scour elevationm of 50 ft and 54 It respectively by
Figure A.3 Redistribution of the area of scour (step 4 of first the two distribution methods of step 4 above; 800 It therefore

trial, second method). This gives a iin.nal estimate of worst appears to be too small
general scour. See Sectoon 4.4 for a full discussion of the redis It is decided lo perform a third calculation by another
tribution of scour area. method, for Is', = 900 ft.
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4 Estimate of general scour by competent-velocity method 4 5 Further procedures
of Section 4.4 The above calculations are probably sufficient for preliminary
Step 1 design purposes. They should be reviewed after the adoption of
Taking W, - 900 ft, and assuming no scour, the trapezoidal cross. span lengths and pier dimensions and after a preliminary selection
sectional area at Q - 150.000 cis is of foundation type. Approp. iate allowance should then be riade
'%(900 * 785) X 23 = 19,400 fi. for local scour at piers (Sec inr, 4.5), and safety margins should

Mean velocity =50,000/19.400 7T7 ft/sec. reeive consideration (Section 
4 .71. If the design flood has been

Depth of flow= 93-- 70, 23 It. estimated on a frequency basis (so/ 50 year or 100 year), scour

Step 2 calculations should also be perforrmed to check the security of the

Enter Figure 4 12 at P, - 0 4 nr. itiiviiolate a depth of 23 ft structure at a higher discharge.

between the crves for 20 it and 5O ft, and read the competent

moan velocity as 5 ft/sec Significant gQeral scour can theefore
be expected,
Step 3
Gkiess an averay, scourd ,Pth it 35 ft Inen enter Figure 4.12
at I),, - 0 4 rm .inerpoiov. jid read the coipetelnt mean
velocity as 5 7 fi 'si(.

Required crns% secbtoial irf'a - 150,000'5 7 = 26.300 ft'

Corles i)oir(lng a.r Vf ds c0r-d r uipth, ) ,, the georneir y of the
tratie(ii.ddl sectioir. ecrks ot at 30 ft

Cories ,,srridriJ ai ,rije iji" r, icri rrd hvliton 93 - 30 - 63 ft.

Step 4

Rel %ti tiitirnn of i 
* 

siored crts wcnror bry the rinethods
used in estmte 3 oi ),i' ac,,s esniln)ies of tlh lowest scoured
elevations of 51 ft ant V, It reqtei nively On this basis a slightly

larger wattwJy o| rirj ni-ght 12 abtopited, or the initial design
requirennt night lie e e ied 297
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IV

Sampling and analysis
of channel bedrmaterials

When conducting field investigations at erodible-bed sites, '-

samples of channel bed materials liable to scour should be ob-.
tained and analysed. It is Important that the samples should give a+K" 1
representative picture of the material in the scour zone; therefore /,
they should be located with regard to boring Information and to
surface indications, Samples are most easily obtained from bars at
a low stage of flow.

. .. . In beds of fine-grained alluvial materials there is no parllculail
difficulty in sampling. Samples are simply dug out in bulk and
analysed for grain.site distribution by weight. Distributions.
should normally be plotted cumulatively as 'percentage by weight.
finer than' (arithmetic ordinate scale) against grain diameter ,
,logarithmic abscissa scale), to produce the familiar S-shaped
curve or semi-log paper. Median so) and other percentile values
may then be read from the curve.

The sampling and analysis of widely graded graveI beds may
present the following difficulties;

- wide differences in the nature of the surface material from
point to point; ntr f src ifrn

- differences In the nature of the surface material at different Figure A,4 Oblique photograph ofr :bd gravel on abar,times, depending on preceding flow conditions; showing the use of a wire grid todreord the surface distributon.- presence of a thin surface layer or paving that is not representa. Note the marked difference between the composition of the
live of the immediately underlying material (Figure A.4); underlying material (in cut) and its surface aspect.
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- practical difficulties in collecting and analysing a sample large
enough to be representative.
Where practicable, a representative bulk sample or samplesshould be obtained and analysed in the same way as for fine. 1grained materials. The bulk sarnple should be supplemented by

photographing small areas of the surface through a wire grid J
(Figure A.4.

Where bulk sampling is not practicable, grid sampling of the
surface may be substiloited. In this method a grid or tape is laid
out over a representative area of bar, aid single stones are picked
at the intbrsection points or at even Intervals along the tape. The .1
resulting sample should be analysed by plotting 'percentage by
number smaller than' (arithmetic ordinate scale) against graindiameter (logarithmic abscissa scale). The resulting distribution
curve is roughly equivalent to a bulk weight distribution curve of
a surface sample, but because of paving effects it does not neces.
sarily give a correct picture of the bulk of the material liable to
scour. It is therefore Important to supplement it by borings or
inspection of the underlying material.

For further discussion on sampling of coarse alluvial materials.
reference may be made to the paper by R. Kellerhals and D.I.
Bray, 'Sampling procedures for coarse fluvial sediments,' .
Hydraulics Div., ASCE, August. 1971.

The statistics of grain-sie analysis are clearly explained in R.L.
Folk, Petrology of sedimentary rocks, Lecture notes, University
of Texas (Austin, Texas: Hemphill's, 1965).

A;

<V 1< ."
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V We further assume the mean velocity formula
Theoretical basis for 845 /,\ t16
competent velocity data, 8.4
figure 4.12 and table 4.1 k

where 1,,, is the mean velocity, I'. is the shear velocity (= %/T0/p),
Figure 4.12 d is the dop)h of flow, and A5 is the equivalent un;iorm-grain

roughness.
Th cm -,,f is f Cotmp I .I)' I rieV I IIt'j i v y e (I- I d'r i id b y dCCI) t Ing These equitons may be combined and transformed alge.
'regiie' criteria for rilile charnniels ira sald it the left side of braically to give
tII Ir g r a i n d sh o I r t, I -, fit IirI I t If l v ( h ire s o f iii v e in t o f)
iiav vi amd cilihbitn ai th! Ihgl 17IIli)MCol t1.Iiilitt)n CLurves waere -Il, 4.3
drawri to or the sri;ght I-ncs g'ver\ by ti e gravol criteria wit)h ga -1)11 1 )-
tho, iji, bf. w 1, iilil eria, where v .s the dry spicific gravity of bed material. Adopting

For 0 3 mii ,nd vji e dopt the rig;mt criterion lor religifle s - 2 65. tad assumilng A, - 41), gives
sand 'charge ' 143 (1fl 1)213 i 9 tsec uni s.

IT 7 I 0, This produves the strailht lines with a slope of 1/3 at the right
side ot Fgure 4.12.

where 1,,, thre ihtJi -.ilocity in It's-c .if /is tihe dfepth of flow,- The trinsittoi curves were sketched in by eye and are not
Ira ft IaI's t)I loiict Il li itirtiLits or the left hand axis. based on experimental data.

For g %,, e . a. 1p l th- Shirlts criteri o nr : The theoreical parts o! the curves apply, strictly speaking,

-0 006, only to straight, uiiforrn flow in a wide channel, and the entire-y'/ diagram requires extensive testing in practice. The assumption
Al = 41) is mde to allow for form roughness and irregularities in

where r0 is the h ed shear stress at so called beginning of move- gravel beds, as well as for the projection of large stones.
ment, , IS the siiintn qd tp,cific weiijhi of b.d material, and 1)
,a the gn i si ,e of itd iraleitr l.
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lable 4.1

Oil It,. fia.is of a tiioiirii)r of studies iII tfii USSR and USA on
scouring vlot.! s ndi, shirurtsnfi Cots v e sil- , tie sug
gested C(1lpelrit r',rn velOCtilis I II the tabale were derived from
th,- following values of lied hear Stress.

Left hafil tolIuiI (Co0"m5 Ih, t
M. ddhl kulurln 012 I lh It-
flight Iaii' -iinr o 5I li,/It11

Fo cor ,itinq si ted l ie,,a(, ne-.r velaocitul., the Manring
l iirl., ,.1' niI, V:. lrini ii : 0 F O 5 III all Case's. The lornaula
the n I~lto rfc , I,, )

I, r I/ 1/1

title d1 is thLe ieprh iit IIa.,v aid is tI Omd sifts$.

Nor- Du e v iiryll iih,':Vl I- altilhed to ilainio y rioteS regard
Ig hesle lac givl-ti 'i S ',tir 4 4 if tie text
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Erosion on downgrade that resulted from water running in wheel rut (Brazil).
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DEVELOPING COUNTRIES
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(b) Title Bank for Reconstruction and Development; 1975 May.
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(fb) Titre Order from: International Bank for Reconstruction and
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20433.

(c) Bibliographic data
(c) Datos bibliogr*ificos - The design standards of some 150 highway projects
(c Donnees bibliographiques financed by the International Bank for Reconstructionand Development between 1960 and 1970 are re-

viewed, and areas of agreement between the stand-
ards o' the 63 countries studied are identified;(d) Availability information pfactiCL' highway standards based on these areas of

(d) Disponibilidad de la informacion agreement are sketched for the guidance of planners
(d) Disponibilit6 des documents in developing countries. The roads discussed here,
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expressv ays, freeways and toll roads carrying large
volumes of traffic; a very large group of 2-lane(o) Absstract highways carrying a wide range of traffic volumes

(e) Resumon serving both local and long distance traffic; and a
(0) Analyse smaller group of low-traffic tertiary or speciaJ

purpose roads existing primarily for land service.
Comments are made on the problem of classifyin,;
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(c) above. ards. Conclusions regarding standards fer the
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donn6es dans les parties (b) e (c). vertical clearances for bridges. The standard live
loadings for bridges, the structural capacity ofpavements and legal load limit, are covered, and
conclusisns relating to pavement design, design
standards for 2-lane highways, * incremental
development of highways, and levels of service are
presented.



SELECTED TEXT REFERENCES Reference 3
CONTROL OF EROSION ON HIGHWAYS

Dunn, C. S. Highway Design in Developing Count, ies.
Proceedings of Seminar V. London, England: Planning
and Transport Research and Computation (International)
Company Limited; 1975 July; pp. 118-141.

_e{6rence I (PTRC P129).
HIGHWAY DRAINAGE GUIDELINES; VOLUME Ill:
GUIDELINES FOR EROSION AND SEDIMENT Order from: PTRC Education and Research Services
CONTROL IN HIGHWAY CONSTRUCTION Ltd. 10 Strand, London W.C.2, England.

American Association of State Highway Officials, Oper- The objectives of erosion control are stated, and the
ating Subcommittee on Roadway Design, Task Force on mechanism of erosion control and the effect of the
Hydrology and Hydraulics. Washington, DC: American principal factors that affect the rate of erosion and
Association of State Highway Officials; 1973. 31 p. soil loss are explained. The measurement of the rate

of soil loss per unit area of site as a way of
Order from: American Association of State Highway quantifying erodibility of a site is discussed, and the
and Transportation Officials, 444 North Capitol Street, U.S. Agricultural Research Service Soil Loss Equation
N.W., Suite 225, Washington, DC 20001. is given. The influenc.- nf slope shape on the rate of

erosion and the soil erodibility factor are also
The erosion process is explained, and it is shown how explained. Soil conservation practices outlined in the
effective planning and location of a highway can aid article include contour ridging, light scarification,
in erosion control. Such planning would take into serrations or stepping, strip sodding, slope fascires,
consideration aspects such as natural drainage pat- riprap, soil-cement benches, crest interceptor
terns, stream crossings, encroachments, waste sup- ditches, asphalt dikes, chutes and vegetative cover.
plies arid catchment areas, geology and soils, and The design and protection of roadside ditches and the
coordination with other agencies. Many erosion protection of shoulders from rain and traffic erosion
problems can be avoided by correct oe , and are also outlined.
adequate specifications relating to geor ierics, align-
merit and grade, cross section, drain. ,e (channels,
chutes, channel linings, culverts, bridgc underdrains,
detention and sedimentation basins, grade-control Reference 4
structures), and construction practices. The schedul- PROTECTING STEEP CONSTRUCTION SLOPES
ing of construction operations (avoid rainy season), AGAINST WATER EROSION
the con:rol of work areas (minimize bare soil areas,
provide temporary protection, streams, borrow pits, Swanson, N. P.; Dedrick, A. R.; Dudeck, A. E.; Roadside
waste areas, haul roads, channel work), and grading Development. 5 Reports. Highway Research Board, 303
operations should seek to minimize erosion. Preven- Washington, DC; 1967; pp. 46-52. (Highway Research
tive maintenance and expert assistance in mainte- Record Number 206).
nance inspections will help save on maintenance
costs. Maintenance records, training of maintenance Order from: University Microfilms International, 300
personnel, surveillance of embankments and cut North Zeeb Road, Ann Arbor, Michigan 48106.
slopes, inspection of channels, disposal of waste
material, maintenance of vegetation, the repair of Mulching practices on a roadside cut (3:1 slope) were
storm damage, sedimentation and detention basins, evaluated with respect to controlling soil erosion and
and remedial work are important. minimizing grass seed and fertilizer loss prior to

grass establishment. A field plot rainfall simulator
and a device to introduce additional surface flow over
a test plot were used to evaluate the mulching
practices. Measurements of soil erosion and grass
seed and fertilizer losses were made from run-off

Reference 2 samples taken through a series of simulated rain-
PRINCIPLES OF HIGHWAY DRAINAGE AND storms. The effectiveness in protecting soil surfaces
EROSION CONTROL against water erosion was determined f.or 13 mulches.

The best protection was provided by mulches of jute
Purdue University, Engineering Experiment Station; netting, wood excelsior mat, prairie hay (I ton/acre)
1962 August. 65 p. (Highway Extension and Research and fiberglass (1,000 lb/acre) anchored with asphalt
Project for Indiana Counties, Engineering Bulletin; emulsion (150 gal/acre). The least effective mulches
County Highway Series - No. 4). were the latex (150 gal/acre) and a kraft paper

netting. Anchoring a material with asphalt emulsion
Order from: Director, Highway Extension and Research provided increased adherence to the soil surface and
Project for Indiana Counties, School of Civil Engineer- was generally beneficial.
ing, Purdue University, West Lafayette, Indiana 47907.

This manual stresses the need for minimum interfer-
ence with the natur,l drainage. This may be aciiieved Reference 5
by stabilizing earth surfaces with vegetal cover, THE USE AND CONTROL OF VEGETATION ON
providing a place for water to run freely over the ROADS AND AIRFIELDS OVERSEAS
surface in dicthe, or underground cc!verts and sub-
drains, or conlucting the collected water safely to a Clare, K. E. Harmondsworth, U. K.: Great Britain
natural watercourse. The fundamental principles of Road Research Laboratory, Department of Scientific
sound slope protection are described, as well as the and Industrial Research. London. Her Majesty's
design, construct: in, arid inainteriance of roadside Stationery Office; 1961. 42 p. (Road Research
ditches, culverts, and subdrains. Technical Paper No. 52).



Order from: Her Majesty's Stationery Office, P.O. Box Reference 7
569, London SEI 9NH, England. SUGGESTIONS FOR TEMPORARY EROSION AND

SILTATION CONTROL MEASURES
This paper gives information, from 33 overseas
countries, on the types of vegetation occurring at Dunkley, C. L. Washington, DC: U.S. Department of
roadsides and on airfields, the useful genera, and Transportation, Federal Highway Administration, Hy-
those presenting problems to the engineer. Rainfall, draulics Branch, Bridge Division; 1973 February. 40 p.
geographical location, existing control, and drainage
are believed to be the major factors controlling the Order from: U.S. Department of Transportation,
vegetation regime at any given site. Vegetation is Federal Highway Administration, Hydraulics Branch,
useful for preventing haunch, ditch, and side-slope Bridge Division, 400 Seventh Street, S.W., "Vashington,
erosion on roads, for providing running surfaces for DC 20590.
roads and airfields, and for improving road safety and
amenities. Present practice in these fields is briefly ThiL booklet which is intended to assist highway
reviewed, and reference is made to the desirability of designers, construction personnel, arid contractors,
introducing to overseas road and airfield construction discusses methods for controlling erosion and sedi-
improved technique, and vegetation species that ment pollution that have been successfully employed
become available from developments in other on highway construction projects. The temporary
countries or in related fields of research. The erosion control features described include sedimenta-
uncontrolled gruwth of vegetation can disrupt road tion pools used to trap eroded material before it
arid airfield pavements, redclte visibility, increase reaches a natural waterway, temporary berms and
fire hazard on roads, and provide a reservoir for the slope drains used (luring the construc:tion of full
reinfestation by weeds of adjacent clean agricultural slopes, toe-of-slope protection to intercept siltation
land. Methods of controlling vegetation include before it enters a ditch or waterway, temporary
cutting by hand ei by machine arid burning or grazing. check darns to protect new ditches from siltation,
The costs of control in a number of overseas temporary runoff barriers to protect drainage inlets,
countries are reported. Recently, interest has devel- temporary erosion protection for pipe outlets, and
oped in the in( rea.sing number of cheemical treatments linings for temporary diversion channels. For the
that are bcorrirg available. Experiments with these Spanish translation of this manual see Reference 20.
in different oversea.s territories are briefly described.
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Reference 6 Reference 8
EROSION-PROOFING DRAINAGE CHANNELS IMPACTS OF HIGH-INTENSITY RAINSTORMS ON

LOW-VOLUME ROADS AND ADJACENT LAND
Posey, Chesley J. Journal of Soil and Water Con-
servation, Volume 28, Number 2, 1973 March-April; Dittmer, Melvin; Johnson, Allan A. Low Volume Roads.
pp. 93-95. Transportation Research Board. Washington, DC; 1975;

pp. 82-91. (Proceedings of a Workshop held June 16-19,Order from: University Microfilms International, 390 1975; Special Report 160).
North Zeeb Road, Ann Arbor, Michigan 48106.

Order from: Transportation Research Board, Publi-The probleri ot erosion of three types of lined cations Office, 2101 Constitution Avenue, N.W.,
channels is discussed. Vegetative channel erosion Washingtcn. D)C 20418.
control is limited to channels with flows of relatively
low velocity. Vegetation rnust not be subjected to One of most severe tests a road receives is a
constant flow or the" moisture will kill the lining in high-intcasity rainstorm. The Siskiyou mountain
most cases. Asphalt or concrete lining used for range of the Rouge River National Forest has
channel erosion control introduces high velocity flow received several such storms in the past decade. The
for relatively low qualities of water due to the most recent of these storms occurred during January
smnoothnes, of the lining material. High velocities 1974, resulting in over $8 million of damage to low-
may introduce scour at the downstream limit of the volume, mostly single-lane roads. This paper de-
channel lining, whi:h in turn may undertine the scribes the kinds of road failures that occurred
lining arid .start progressive failure. If these linings through narrative, sketches, and photographs. The
are overtopped or undermined, they are apt to be interrelationship between the road and the adjacent
completely des troyed. Pc ': lining used for chanrel land is often not fully considered by the land mranager
erosion control redues the velocity of the channel or the road engineer. Poor land management prac-
flow bjt is subjhect to two types of failure: The rocks tices, especially in mountainous terrain, place ex-
may riot rert ajrt in place, arid the finer naterhal under treme burdens on the road's drainage facilities.
the rocks may be grarually washed out. rite solution Roads, on the other hand, tend to concentrate water,
to the problem of ro(k ttoverument and failure of rock- cause surface erosion, and upset slope stability. Land
lined channels i, to use bigger rocks. However, if and road failures on the upper portions of a watershed
larger stones are riot available or whe.r the slope is often cause darnage to the land, roads, and other
more than 10 percent, cintaiters, with sniller rocks facilities located in the lower basin. There are
(rock sausages, gabiorms) are recrornmended. The numerous commonly used techniques in road con-
leaching of the finer material from underneath the struction to mninimize storm damage to roads and the
rocks can be prevented by use of a filter layer or land. This paper describes some of the least
layers between the rock and the parent soil, i.e., expensive methods that should be used more fre-
reverse flow filter. quently on low-volume roads.



Reference 9 Reference II
ROAD GEOTECHNICS IN HOT DESERTS GUIDE TO BRIDGE HYDRAULICS

Fookes, P. G. Institution of Highway Engineers Journal, Roads and Transportation Association of Canada, Proj-
Vol. 23, Number 10, 1976 October; pp. 11-23. ect Committee on Bridge Hydraulics; Neill, C. R., ed.

Toronto: University of Toronto Press; 1973. 191 p.
Order from: Institution of Highway Engineers, 3 Lygon
Place, Ebury Street, London SWIW OJS, U.K. Order from: University of Toronto Press, 33 East

Tupper Street, Buffalo, New York 14208.
Hot deserts providt a variety of design and construc-
tion problems that stem from the nature of the dry This guide outlines hydraulic factors to be considered
climatic regime and the desert landforms. Engineer- in the layout and design of the bridges and suggests
ing solutons to these problems, which are usually tentative criteria and procedures to assist the bridge
based on ,ood practice in other regions, may not designer. General comments are made on economic
necessarily b -,uccessful. The problems include aspects, the use of culverts as alternatives to bridges,
unstable terrain e.g. wind-blown silt (oess) and sand and on some organizational aspects. Details are
(drifts and dunes); aggressive salty ground, e.g. given of flood frequency analysis for gauging stations,
sabkhas, salinas, salt playas, and some duricrusts; extensions of such analysis, flood envelope curves,
unsuitable construction materials, e.g., some silts, run-off formulas, and unit hydrographs, as well as
sand,, and soft carbcnate sediments; and rapid ero- hydraulic methods of estimating flood discharges,
sion, by wind and floods, especially flash floods. In estimation of high water levels and the special
coatal arcua., causeways and reclaimed land may also consideration of very rare floods. The design of
present Slx.iaIl problems due to evaporite salts and waterway openings for scour and backwater is de-
the leaching and piping of fills. These problems are scribed and scour protection and channel training
discussed in the context of a simple model based on works are discussed. The guide also reviews special
mountain and plain desert terrain and natural desert problems such as tidal crossings, inland basin cross-
proc-sse, in which four zones are recognized, each ings, waves and wave protection, and the application
with different desert characteristics and different of hydraulic models to bridge problems.
engineering .havior. Particular reference is made
to the Near and Middle East.

Reference 10
OBSERVATIONS ON THE CAUSES OF BRIDGE ADDITIONAL REFERENCES
DAMAGE IN PENNSYLVANIA AND NEW YORK DUE
TO HURRICANE AGNES Reference 12

SEDIMENTATION ENGINEERING
O'Donnell, Charles L. Highways and Catastriphic 305
Floods of 1972. II Reports. Highway Research Board. American Society of Civil Engineers Task Committee
Washington, DC; 1973; pp. 22-36. (Highway Research for the Preparation of the Manual on Sedimentation of
Record Numbe.r 479). the Hydraulics Division. New York, New York. Vanoni,

Vito A., ed. 1975. 745 p. (ASCE Manuals and Reports

Order from: Transportation Research Board, Publi- on Engineering Practice - No. 54).
cations Office, 2101 Constitution Avenue, N.W.,
Washington, DC 204 IS. Order from: American Society of Civil Engineers, 345

East 47th Street, New York, New York 10017.
This report is one of II reports on the catastrophic
floods that occurred in the United States in 1972. It This book is concerned mainly with sediment prob-
evaluates the performance of bridges subjected to a lems involved in the development, use, control and
major flood, determines the adequacy of design conservation of water and land resources. It explains
standards based on bridge performance, and recoin- the nature and scope of sedimentation problems, the
mends revisions to design standards where inadequa- methods for their investigation, and the practical
cies are apparent. Hurricane Agnes caused severe approaches to their solution. The book treats
flooding in Pennsylvania and New York, and several sedimentation in broad perspective, considering the
bridges and highways that were damaged by the interrelated processes of erosion, sediment transpor-
floods in those states are discussed. The two maior tation by water and air, and sediment deposition
causes of bridge damnage were scour at abutmermts and where it creates problems of practical importance.
piers and impacting debris. The other 10 reports The problems of erosion, and sediment transport and
discuss the hydrometeorological conditions associated deposition, as vell as their solution are considered in
witl, these floods and the part played by state and the first chapter. The chapter on sediment transpor-
federal agencies in such emergencies. Debris was tation mechanics covers seliment properties, erosion
found to be a primary cause or a significant contri- of sediment and local scour, suspension of sediment,
buting factor to bridge damage, and scour at the initiation of movement, hydraulic relations for alluvi-
substructure was found to be the other major cause. al streams, sediment discharge formulas, wind erosion
The reports discuss recording, evaluating, and pre- and transportation, transportation of sediment in
dicting extreme floods and include the following: pipes, density currents, and genetic classification of
Floods of 1972; Weather Situations Associated with valley sediment deposits. The review of sediment
Floods During 1972; Hurricane Agnes-Damage in measurement techniques (Chapter 3) includes fluvial
Pennsylvania; Flood Danmiage in South Dak-ota; Floods sediment, reservoir deposits, accelerated valley de-
in Minnesota; Role of the Federal Highway Adminis- posits, airborne sediment, and laboratory procedures.
tration in Restoring Highways Damaged by Disasters; Chapter 4 reviews sediment sources and fields.
Recording Floods arid Flood Damage; Probability Chapter 5 considers sediment control methods related
Distribution of Extreme Floods; The Worth of Data in to the watershed area, stream channels, canals, and
Hydrologic Design; arid Design Criteria and Research reservoirs. The economic arid legal aspects of
Needs. sedimentation are considered in Chapters 6 and 7.



Reference 13 Reference 15
SOIL EROSION: PREDICTION AND CONTROL SOIL EROSION AND WATER P >LUTION

PREVENTION
Proceedings of a National Conference on Soil Erosion
May 24-26, 1976; Purdue Univer~ity, West Lafayette, Foote, Lawrence. Washington, DC: National Associa-Indiana. Ankeny Iowa: Soil C-servation Society of tion of Counties, Research Foundation; 1972 July. 60 p.
America; 1977. 393 p. (special puh ication no. 21). (National Association of County Engineers Action Guide

Series, Volume XII).
Order from: Soil Conservation Society of America,
7515 Northeast Ankeny Road, Ankeny, Iowa 50021. Order from: National Association of Counties, 1735

New York Avenue, N.W., Washington, DC 20006.
Forty-four presentations are included in this report.
The papers note the merits of the universal soil loss This manual which is designed to alert the county
equation (USLE) as a working tool for soil conserva- engineer to the various ways of minimizing soil
tion and erosion control planning, and recogni!e that erosion and attendant water pollution problems,
exi' ting data limitations become important when discusses proper design as a prime consideration in
attempting to extend the use of the equation to new alleviating those problems. Actions that should be
physiographic areas or to larger heterogeneous water- taken during the preconstruction and construction
sheds. The conference incluced reports of USLE use phases of highway programs are specifically empha-
in Hawaii, the Northwest (U.S.A.), the semiarid sized, as well as maintenance procedures to be used
Southwest 0Ii.S.A.), and the Ivory Coast and Nigeria to minimize soil eroison problems. The problem of
in Africa. Descriptions are also included of USLE winter salting and its impact upon the roadside
application to urban sediment control, highway ero- environment are also discussed. This guide empha-
sion control systems, reclaimed coal mine lands, sizes the uses of cover soil stabilization. Information
wildlands, small watersheds, a river basin, nonpoint- on land surface covers that can be used, various
source pollution controls, and economic analyses. seeding mixtures, and data that will aid in developing
The deposition of sediment by overland flow, legal specifications for effective erosion control in con-
controls applicable to soil erosion, research needs, tractual work are included in appendices.
and other allied topics are also discussed. The 44
papers are placed in one of the following categories:
applications of the universal soil loss equation;
erosion research; erosion arid sediment field model- Reference 16
ing; use of the UlSLE in planning; soil erosion control; SOIL EROSION: CAUSES AND MECHANISMS;
arid conservation needs. PREVENTION AND CONTROL

Highway Research Board, Proceedings of a Conference-
Workshop Held 1inuary 26, 1973, Washington, DC:306 Highway Research Board; 1973; 141 p. (Special

Report 135).

Order from: University Microfilms International, 300
Reference 14 North Zeeb Road, Ann Arbor, Michigan 48106.
EROSION CONTROL ON HIGHWAY CONSTRUCTION

This two-part spec'al report presents 14 papers. Six
Transportation Research Board; 1973. 52 p. (National papers deal with the causes and riechanisms of soil
Cooperative Highway Research Program Synthesis of erosion. These papers include a state-of-the-art
Highway Practice 18). report, an experimental study of the attack of water

on dry cohesive soil systems, a discussion of soil
Order from: Transportation Research Board, Publi- erodibility on construction areas, a study of the
cations Office, 2101 Constitution Avenue, N.W., erodibility of a cement-stabilized sandy soil, and a
Washington, DC 204 18. laboratory study of the application of chemical and

electrical parameters to prediction of erodibility.
Highway construction operations that may contribute Eight papers report on methods of preventing and
to erosion are clearing and grubbing, construction of controlling erosion. These papers include a state-of-
haul roads, earthmoving and grading, ditch construc- the-art report and an inventory of roadside erosion in
tion, arid foundation excavation and channel changes Wisconsin, as well as papers on erosion control
at stream crossings. Curtailment of construction for structures, factors involved in the use of herbaceous
the winter months without adequate provision for plants for erosion control on roadways, promising
controlling erosion can result in severe erosion and materials and methods for erosion control, chemical
sedimentation damage. This report provides inforrna- soil stabilizers for surface mine reclamation, and
tion o design procedures to minimize erosion, con- Pennsylvania's response to erosion control.
struCti.n practices to control erosion, beneficial
landscaping procedures, arid maintenance practices to
sustain erosion control installations. More specifical-
ly, the report provides information on (a) seeding,
planting, and mNilchnig; (b) design of sediment basins Reference 17
and traps; (c) slope protection; and (d) berms. To ENGINEERING FIELD MANUAL FOR CONSERVATION
develop this synthisis in a comnprehensive manner and PRACTICES
to ensure inclusion of significant knowledge. the
Transportation Research Board study analyzed avail- U.S. Department of Agriculture, Seil Conservation
able information (e.g., current practices, manuals, Service. Washington, DC; 1975. Variable paging.
and research recommimendations) assembled from many (Second printing. Report II PB 244 668/OSL).
highway departments and agencies responsible for
highway planning, design, construction, and mainte- Order from: National Technical Information Service,
nanice. 5285 Port Royal Road, Springfield, Virginia 22161.



This manual provides guidance in the use of basic energy-dissipator basins at culvert outlets where high
engineering principles, techniques, and procedures for tailwater prevails. A method for the design of rock-
the planning, design, installation, and maintenance of riprapped, energy-dissipator basins at culvert outfalls
soil and water conservation practices. Tables, charts, is described in the third paper. Criteria for the
curves, and forms are used to illustrate the solving of design of rock-basin energy dissipators with or with-
planning and design problems. The 17 chapters of this out transverse sill are described in the fourth paper.
manual detail all relevant aspects of engineering Three energy dissipators (stilling well, the Bureau of
surveys, estimating runoff, hydraulics, elementary Reclamation impact dissipator, St. Anthony Falls
soils engineering, preparation of engineering plans, dissipator) are evaluated in the fifth paper. The
structures, grassed waterways and outlets, terraces, other papers describe the testing of peripheral rough-
diversions, gully treatment, ponds and reservoirs, ness elements in a smooth circular pipe to dissipate
springs arid wells, dikes a.id levees (wildlife wetland energy in free surface flow, the performance of filter
development), drainage, irrigation, streambank pro- cloths used to replace granular filter materials under
tection, construction and construction materials. riprap and similar applications, and the full-sca,

external load testing of buried corrugated steel pipe.

Reference I8
STANDARDS AND SPECIFICATIONS FOR SOIL Reference 20
EROSION AND SEDIMENT CONTROL IN DEVELOPING EROSION Y SEDIMENTACION: MEDIDAS
AREAS TEMPORARIAS DE CONTROL

U.S. Department of Agriculture, Soil Conservation U.S. Department of Transportation, Office of Inter-
Service: Washington, DC; 1975 July. 300 p. (PB- national Programs, Technical Assistance Division.
281 278). Washington, DC: U.S. Government Printing Office;

1975. 44 p. (Report # PB-245 004 7SL).

Order from: National Technical Information Service,
5285 Port Royal Road, Springfield, Virginia 22161. Order from: National Technical Information Service,

5285 Port Royal Road, Springfield, Virginia 22161.
Standards and specifications (based on work in devel-
oping areas in the State of Maryland) are presented to The manual, which is in Spanish, was prepared as an
hel l) pronote uniformly high technical quality in the aid to field personnel engaged in che construction of
selection, design, installation, arid maintenance of highways in Latin America. It provides suggestions
erosion and sediment control measures. The tempo- on the most efficient ways of providing emergency
rary structural practices considered in this publica- care against erosion and sedimentation by prompt
tion include dikes (diversion, interceptor, perimeter, treatment of the slopes. The booklet contains 24
straw bale), swales (interceptor, perimeter), stabi- pages of diagrams of various types of problems and
lized construction entrances, stone outlet structures, methods of controlling them. The report was 307
grade stabilization structures, sediment basins, and designed for distribution to the governments of Latin
sediment traps. The permanent structural practj,_es American countries through the cooperation of the
include diversion, grassed waterway, level spreader, U.S. Agency for International Development. This
storm drain outlet protection, riprap, subsurface manual is a Spanish translation of Reference 7.
drain, and land grading. Vegetative practices for
critical area stabilization with temporary or perma-
nent seeding, mulching, bermuda grass, sod, ground
covers, vines, etc., are reviewed. Standards and Reference 21
specifications are also provided for vegetative tidal TENTATIVE DESIGN PROCEDURE FOR RIPRAP-
bank stabilization, topsoiling, protection of trees in LINED CHANNELS
urbanized areas, seeding stripmine areas, dune stabi-
lization, toxic salt reduction, dust control, and Anderson, Alvin G.; Paintal, Amreek S.; Davenport,
protective materials for channels and steep slopes. John T. Washington, DC: Highway Research Board;
Appendices provide information on grasses and leg- 1970. 75 p. (National Cooperative Highway Research

umnes, seeds, and turfgrass sod. Program Report 108).

Order from: University Microfilms International, 300
North Zeeb Road, Ann Arbor, Michigan 48106.

Reference 19
DESIGN OF CULVERTS, ENERGY DISSIPATORS, AND The erosion-resistant riprap lining has protective
FILTER SYSTEMS. 8 REPORTS. qualities that fall between those of a grassed drain-

age channel and a concrete-lined drainage channel. It

Highway Research Board. Washington, DC; 1971. consists of a layer of discrete fragments of rock of
112 p. (Highway Research Record Number 373). sufficient size to resist the erosive forces of the

flow. The design of such riprap-lined drainage
Order from: University Microfilms International, 300 channels involves tile interrelationship ammiong the
North Zeeb Road, Ann Arbor, Michigan 48106. discharge, the longitudinal slope, the size and shape

of the channel, and the size distribution of the riprap
Eight papers discuss energy dissipators at culvert lining. This report describes these interrelationships
outlets, the use of roughness elements within circular and develops design criteria by which a riprap-lined
pipe to dissipate energy in free surface flow, the use drainage channel can be proportioned and the riprap
of plastic filter cloths, arid the testing of buried lining can be specified for a given discharge and
corrugated steel pipes. The paper on the hydraulics longitudinal slope. The relationships so developed
of rigid boundary basins describes the mechanics of have been reduced to design cnarts, the use of which
flow in a rectangular basin with artificial roughness permit rapid and simple establishment of channel
elements to induce a hydraulic jump. The second shape and size, as well as of the properties of the
paper gives a method for tire analysis and design of riprap lining. Highway drainage channels are divided



intn tua groups. in the first group are those that This synthesis is concerned with the prediction of andserve as median or sibp ditches for the drainage of design for scour in the material supporting thethe roadways. These are relatively small and often foundations of the bridge. The nature of scour isapproach a triangular cross section because of the defined and two types of scour (the clear water caserelatively flat side slopes and generally small bottom where material is removed from the scour hole andwidth. In the second group are large drainage not replaced and the sediment-transporting casechannels that convey a larger discharge and are where the scour hole is continuously supplied withusually trapezoidal in cross section. A set of design material from the sediment load carried on thecharts for each type has been prepared. Limited stream bed) are distinguished. The type of scour andexperimental dta are presented that verify the the possibili'y of either degradation or aggradation
design procedure, test the efficacy of channels should be taken into consideration in the design,designed according to this procedure, end examine construction, and maintenance of bridge structures.somewhat more closely the F.henornenon of leaching When estimating scour potential, practicing engineers
of base material through the ripid ap interstices, give consideration to hydraulic and hydrologic infor-These experiments, although prelifminary in charac- mation, engineering geology, and historic data, withter, indicate that the design pro-edures are suitable emphasis on the performance of adjacent structures.
and incorporate sufficiently large factors of safety to The estimation of scour requires three predictions:
provide stable channels. the magnitude of the flood, the pattern of the flow,

and the depth of the scour. Several methods are used
for computing maximum flood flow. Current design
techniques to provide scour protection at bridgeReference 22 waterways are discussed. Routine inspection andLITERATURE SURVEY AND PRELIMINARY inspection after major floods are also discussed.EVALUATION OF STREAMBANK 1PROTECTION Corrective measures that have been used for scour

METHOI)S damage are :eviewed. Specific recommendations for
preliminary investigation, hydrologic investigation,Keown, Malcolm P.; Oswalt, Noel R.; Perry, Edward B.; and geologic investigation in the planning of aDardedui, Elba A. Jr.; 1.5. Army, Waterways Experi- waterway crossing are listed.

mnent Station, Hydraulics Laboratory, Mobility and
Environmental Systems Laboratory, Soils and Pave-
ments Laboratory. Washington, DC: U.S. Army,
Oflice, Chief of Engineers; 1977. 262 p. (Report I/AD-
AO42052/l St).

Reference 24Order fromn: National Technical Information Service, HYDRAULICS OF BRIDGE WATERWAYS
5285 Port Royal Road, Springfield, Virginia 22161.

2nd ed. Revised. Bradley, Joseph N.; U.S. Federal308 This docmirnent contains the resilts of the literature Highway Administration, Office of Engineering, Bridge
survey and two prelirminory studies of strearnbank Division, Hydraulics Branch. Washington, DC: U.S.
erosion control. Preliminary investigations were Federal Highway Administration; 1978 March. III p.conducted to identify the mechanisms that contribute (Hydraulic Design Series Number 1; stock number 050-
to streamnbank erosion and to evaluate the effective- 001-00133-I).
ness of the most widely used streambank protection
methods. Apperidircts include (I) the text of the Order from: Superintendent of Documents, U.S. Gov-
"Streanbank Erosion Control Evaluation and Dernon- ernrnent Printing Office, Washington, DC 20402.
stradon Act of 1974"; (2)a list of commercial
concerns that market streambank protection prod- This publication is based principally on the results of
ucts; (3) a glossary of streamnbank protection termni- hydraulic model tests that have been evaluated on thenology; (4) a dettailed biblhograph resulting from the basis of field data. These field data have been used
literature survey; and (5) a listing of selected bibliog- to determine the actual lirrits of application and toraphies related to stremnbank protection. complete the design curves. The computation of

backwatcr, difference in water level across approach
embankments and the configuration of backwater are
discussed, as well as aspects relating to dual bridgesReference 23 and the abnormal stage-discharge condition. TheSCOUR AT BRIDGE WATERWAYS effects of scour on backwater, the partially inundated
superstructure, spur dikes at bridge abutments, andHighway R,'search Board. Washington, DC; 1970. 37 p. supercritical flow under a bridge are also covered.(National Cooperative Highway Research Program Syn- Preliminary field and design procedures and illustra-

thesis of Highway Practice 5). tive examples are presented. The development of
expressions for bridge backwater and the develop-Order from: University Microfilms International, 300 ment of charts for determining the length of spur

North Zeeb Road, Ann Arbor, Michigan 48106. dikes are described in appendices.



Index
The following index is an alphabetical list of bibliography, but they also represent people
suhlect terms. nlames of people, and names of who are otherwise identified with the
organizatioiis that appear in one or another of compendium subjects. Personal names are
iw i pfreoviet is l rts of this comlpendiumn, i.e, in listed as surname followed by initials.
the overView. !elector I texts, or hibliography. Organizations listed are those that have
I sit )lec thr ris listed ,ire those that are most produced information on the topic of the
li< -ic t( te ii tirerstr ,idi p of the topic of the compendium and that continue to be a source of

corn)tidiurii information on the topic. For this reason, postal
Si jectt e it forms l iit are nol proper nouns are addresses are given for eacti organization listed.

si rowfi iii lower cas P(rsorial names that are Numbers that follow a subject term, personal
list;led p errerally repre;eri t tlie aMtIhors of selected name, or organization name are the page
te:,t t an ( ottier roferer ices given in the nulbers of tthis compendiUlm on which the term

Indice
El sigULente indice es una lista alfab6tica del vo- zaciones nombradas son las Clue han producido
cahlo del tema, nombres de personas, y nom- informacion sobre la materia del compendio y
bres de organizaciones que aparecen en una u que siguen siendo fuentes de informacion sobre
otra de las partes previas de este compendio, la materia Por esta na,,/n so dan las direcciones
es decir. en la vista general, textos selecciona- postales (le caida or(,ani/,.cirn clue aparece en
dos, o hibiografia. Los vocablos del tema Clue el indice.
apareceni en el indice son aquellos que son no- Los ntneros que si uen aIun vocable del 309
cesarios para el entendimiento de la materia del terna, noinhre personial, o riombre (Ic organiza-
collpelld.o, cidn son los ni'ineros (cl pa"jina del compendio

Los vocahlos del tema Ctue no son nombres dondo el voocat)l(o o noinlire apairecen. Los ni-
propios aparecer en tetras minCusculas. Los meros romario.< se reticren a las jxigynas en la
noiibres personales clue aparecen representan vista general, los -Ifirnieos arabtipos se refieren a
los aulores do los textos srleccionados y otras pginas en los lextos seleccionados, y los nu-
referencias dadas en la bibliografia, pero tam- mores d rneferencia (per ejerni lo. Ref 5) idi-

hribn pueden reprresentar a personas que de otra can referencias en Ia hibliogralia.
nancora esthin corectadas a los temas del con- Algunos vocablos del tema y nombres c or-
i)nendio. Los rinonbres personales aparecen con ganizaciones est6in seguJidos per la palabra see.
el afpellido seguido per las iniciales. Las organi- En tales casos los numeros cde ogira del com-

Index
Cet incex se compose d'une lisle alphabetique la bibliographie, ou alors les noms d'experts en
ce mols-clds. noms d'auteurs, et noms d'organi- la matibre de ce recueil. Le nom de farnille est
sations gui paraissent dans une section ou Line suivi des initiales des prenoms. Les organisa-
auitre de ce recueil, c'est I dire clans I'expose, lions citees sent celles gui ont fait des recher-
les textes choisis, ou la bibliographie. Les ches sur le sujet de ce recueil et qui continue-
mols-cls sent ceLx Cqli sont le plus l6men- rent btre Line source de documentation. Les
taires i" la comprehension do ce recueil. adresses de loutes ces Organisations sent inclu-

Los mots-clos gui no sent pas des nems pro- ses.
pres sont imprimrbs en mirnusculos. Les noms Le numero gui suit chaguc mot-cl, horin d'au-

propres cilos sont les noms des auteurs des tex- teur, oU nora d'organisalion est le numro de la

tos choesis ou de textes de refirence cites dans page o0 ce nem eo molt-cl parait. Les numeros



or narnle appears. Roman numerals refer to under the alternative term or name that follows
pages in the overview, Arabic numerals refer to the word see. Some subject terms and
pages in the selected texts, and reference organization names are followed by the words
numbers (e.g., Ref. 5) refer to references in the see also. In such cases, relevant references
bibliography, should be sought among the page numbers

Some subject terms and organization names listed under the terms that follow the words see
are followed by the word see. In such cases, the also.
cornipenciluLM page numbers should be sought The foregoing explanation is illustrated below.

poendio so encontrarain bajo el termino o nornbre trarn entre los nimeros de pgina indicados
alternativo quo sigue a la palabra see. Algunos bajo los terminos que siguen a las palabras see
vocables del tenia y nombres de organizaciones also.
Ost1n segjidos per las palabras see also. En La explicacion anterior est. subsiguiente-
lales cases las referencias pertlnerites se encon- mente ilustrada.

bcrits en chiffres remais so raprDorter1t aux pa- mero des pages du recueil se trouvera apres le
ges de I'expose el les numros 6tis on chiffres mot-clb oU le nom d'organisation qui suit le
arabes se rapportent aux pages cds textes terme see. D'autres rnots-cles ou noms d'orga-
choisis. Les numdros de rddreice (par exerr- nisalions sont suivis des mots see also. Dans ce
pie, Ref. 5) indiquent les nnrnbros des refb- cas, leurs references se trouveront citees aprbs
rences de la bibliographie. les mots-cles qui sUivent la notation see also.

Certains mots-clbs et nems d'organisations Ces explicatiovv sont Illustrees ci-dessous.
sont suivis du terine see. Dans cos cas, le nu-
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Illustration (from Comp. 1) llustracion (del Comp. 1) Illustration (du Recueil 1)

Selected Text page numbers Subject term and see also terms
Njmeros de pigina en los Textos Vocablo del tema y t6rminos see also

Seleccionados (ver tambin)
Num~ro! des pages des Textes Choisis Mot-c06 et see also

Organization name and address mountainous terrain (see ilso degree of curvature;
Nombre y direcci6n de la organizaci6n design speed; maximum gradient; radius of curva-
Nom et adresse de l'organisation ture; shoulder width): 11, 17, 34, 35, 38, 173, 175,

217, 234, 238

National Association of Australian State Road Author-Overview page numbers and ities(P.O. Box .14 1, Brickfield Hill, N.SW. 2000,
reference number Australia):

N6 mero de pgina en la Vista p:blicatiors, xxiii, Ref. 8, Ref. 9
General y nhimeros de referencia

Numro des pages do I'Exposeet no-passing markings and signs: 31, 95, 132
numeros des rifirernces

non-passing sight distance, see stopping sight distance

Subject term and see term Odier, L.: Ref.3
Vocabio del tema y t~rmino see (ver)e
Mot-cl et see Oglesby, C.H.: 231, 233, 234, 239, 240, 241, 242, Ref.14

Selected Text page numbers and referenceL number
Nun os de pgina en los Textos

Personal names Seleccionados y nL~mero de referencia
Noribres personales Num6ros des pages des Textes Choisis at
N,-,ms propres num6ros des r6frences



abutments, scour at: xv, xxvi, xxvii, 241, 242-252, Bradley, Joseph N.: Ref. 24
273, Ref. 24

bridges (see also piers): xv, xxvi, 16-17, 217, 261-279,
aeolian soils, see loess 282, Ref. 1, Ref. 10, Ref. 11, Ref. 23, Ref. 24

damage, 241-257, Ref. 10
aerial photographs: 7, 232, 287 temporary, 24

aesthetics (see also landscape): 13, 151-163 brush for erosion control: 21, 27, 200

African regions (see also Middle East): 115, 116, 123, burlap (see also jute netting): 50, 112
137, 141-142, 143, 145, 147, 148, 150, 152, 153,
154, 155, 156, 157, 15g. 159, 160, 161, 162, 163, burning: xxi, 166, Ref. 5
164, 166, 167, 168, !70, i71, 179, 181, 182, 183,
184, 226, 227, 235, Ref. 13 buttresses: 222, 290

airfields, use and control of vegetation in: xvii, xx, Casagrande symbol: xxv, 231
135-184, Ref. 5

catch basin: 218
alignment, highway: 11-12

cement stabilization: 106
alluvial fans and plains: 227, 231, 232-233, 267, 270,

287 channels, drainage (see also linings; training, channel):
xv, xxi, 6, 14-15, 26-27, 30-32, 186-188, 209, 298,

American Association of State Highway and Transportation Ref. 1, Ref. 6, Ref. 14, Ref. 21
Officials (444 North Capitol Street, NW, Suite 225, diversion, xxix, 26, 195, 294-295, Ref. 17
Washington, DC 20001): Ref. 1 grassed, 12, 114, 186, Ref. 17

training, 280-297
American Society of Civil Engineers (345 East 47th velocities, 114

Street, New York, New York 10017): Ref. (?
chemical soil stabilization (see a~o cement stabilization):

Anderson, Alvin G.: Ref. 21 112, 135, Ref. 16

apron: 84, 230-232, 271, 280, 281 chemical vegetation control: 168-172launching, 291-293 chutes: 14-15, 16, 27, 67, Ref. I
aquatic life: 18, 21, 24, 26, 35 high velocity, 12

arboricides: 168, 169 Clar2, K.E.: Ref. 5 311

armor, fill: 216 clearing operations 24, 222, Ref. 14

Asian regions: 140, 144, 145, 146, 147, 151-152, 161, cofferdams: 281
162, 163, 166, 167, 172, 182, 287

concrete linings, see linings
Atterberg limits: 230

concrete pipe: 74, 82
Australia: I11, 112, 161, 162 reinforced concrete pipe, 65

backfills and backfilling: 81, 86, 91, 92, 96 construction scheduling and control: xvii, 20, 23, Ref. I

backwater: xxvii, 261-279, Ref. 24 contour ridging: 105, Ref. 3

banks, protection of: xxix, 8, 26, 259-299, Ref. 22 corrugated metal pipe: 65, 75, 78, 81, 83, 218, Ref. 19
revetments, xxix crash barriers, vegetative: 150, 151

base drainage: 88, 90 crest interceptor ditches: 107
bedding of pipes: 79-81, 96

cretes: 238
benches: 106, 107-108, Ref. 3 cribbing:
berms: xvii, xxiii, 6, 47, 48, 49, 222, 281 steel, 250

timber, 246
bin walls, metal: 221 cross drainage (see also bridges; culverts): 16-17,
biological control of vegetation: xxi, 135, 166, 168, 84, 96

170, Ref. 5 cross section: xvi
blankets, stone: 190 channels, Ref. 21

design, 6, 11-14, 42
bolster drop structures: 116, 124 ditches, 56-58, 122

borrow pits: 22, 25-26, 196, Ref. I crossings, waterway: 193-194, 207, Ref. II

box culverts: 76 Crown Vetch: 43, 45, 54



culvert outlets: xv, xvii, 6, 16, 17, 28, 71, 85, Ref. 7, drop inlet: 69, 218
Ref. 19

drop structures: 69, 116, 124, 186, 294
culverts (see also culvert outlets; pipe culverts): xviii,

16-17, 24, 31, 71, 74-85, 96, 206, 215-218, 232, Dudeck, A.E.: Ref. 4
Ref. 1, Ref. 2, Ref. 11, Ref. 19

grade and alignment, 77-79, 96, 97, Ref. I dunes: xxv, 233, 236, Ref. 9
installation, 79-82

Dunkley, C.L.: Ref. 7
curbs: 53

Dunn, C.S.: Ref. 3
cuts and fills: 40, 41, 48, 86-87, 96, 127, 190, 193,

204, 216, 236 duricrusts: 233, Ref. 9
failures, 221-223

dust control and dust palliatives: 24, 34, Ref. 18
cutting, hand and mechanical: xxi, 135, 143, 166-167,

Ref. 5 endwalls: 82, 83, 97

dams: xxiii, 17-18, 27, 127, 194, 200-206, Ref. 7 energy dissipators: xv, 69, Ref. 19
impact type, 17

Dardeau, Elba A.: Ref. 22 erodibility (see also soil loss equation): !02-103, Ref. 3,
Davenport, John T.: Ref. 21 Ref. 13, Ref. 16

factor, xix, 104-105
debris: 242, 243, Ref. 10

impacting, xxvi, 241 erosion process: 7-8, 101-102, Ref. 3, Ref. 16

Dedrick, A.R.: Ref. 4 evaporite salts: 228, 232

deserts: xvi, xxiv, 226-238, Ref. 9 failures:
bridges, 241-257

design: xvi, 11-22, 231, 237, Ref. I channels, 32
bridges, 253, 256, 280, Ref. 10, Ref. 11 culverts, 17
cross section, 6, 11-14, Ref. I cuts and fills, 221-223
ditches, 112-116 roads, 39, 215, Ref. 8
waterway opening,, 26 1-299

312 wfascine mattresses: 150
detention basins: 17-18, 34

fascines, slope: 106, Ref. 3
dikes: xvii, xxix, 6, 12, 16, 19, 23-24, 26, 27, 48, 277,

282, 289, Ref. 17, Ref. 18 fertilizers and fertilizer application: 43, 44-45, 46,
47, 54, 59, 71

dipout: 219
filter layers: xxii, 188, 208, Ref. 6

dips, drainage: 217
filters: 91, 97, Ref. 19

ditches: xiv, xvii, xviii, xix, 29, 56-73, 7R, 96, 107,
112-116, 135, 143-144, 190, 192, 193, 194, 204, fire hazards: 20, 135, 160, 163, Ref. 5
207, 217-218, 221, Ref. 2, Ref. 5, Ref. 7, Ref. 14

lining, xiv, 32, 58-64 fish: 18, 21, 24, 26, 35
side, 21, 207
velocity, 62-64, 113, 114 flash floods: 233, Ref. 9

Dittmer, Melvin: Ref. 8 flume tests: xxvi, 273

down drains: 13, 49-51, 192 Fookes, P.G.: Ref. 9

downstream ponds and sediment deposits: 20, 21 Fo:e, Lawrence: Ref. 15

drainage, see channels, drainage; drainage patterns, footings: 82, 273, 274, 280, 281
natural; drains; highway drainage

fords: 24
drainage channels, see channels, drainage

forests: 169, 221
drainage patterns, natural: 8-10 freeboard: 255', 289

drains (see also base drainage; pipes; subdrains; subgrade
drainag-. 88-89, 96 French drains: 89, 187
field, 70
slope, xxiii, 24, 199 gabions: 187, 221

drift: xxv, 273, Ref. 9 geology: 10-11, Ref. 23

driveways: 66 geotechnics in deserts: xxiv, 226-238, Ref. 9



Ghana: 153 inspection:
during highway construction, 23-27

grade and alignment, culvert: 77-79, 96, 97, Ref. I maintenance, 28, 29, 32, 84-85, 93, Ref. 23

grade-control structures: 18-19 Institution of Highway Engineers (3 Lygon Place, Ebury

grade, highway: 11-12 Street, London SWIW O3S, U.K.): Ref. 9

interceptors: 97, 190
grading operations: xvii, 27-28, 193, Ref. 1 Ref. 140 groundwater, xvii, 6, 13, 47-49, 107, Ref. 3

Ref. 18 underground water, 52

grasses (see also linings; turf): 21, 24, 33, 43, 44, 45, Johnson, Allan A.: Ref. 8
54, 58-60, 67, 68, 107-111, 114, 115, 129, 130,
131-132, 135, 136, 137, 138, 139, 140, 143, 144, oints: 82
145, 146, 149, 153, 154, 157, 159, 165, 168, 170,
171, 172, 173, 174, 191, Ref. 4, Ref. 18 jute netting (see also matting): xx, 46, 50, 53, 112,

127, 128, 129, 130, 132, Ref. 4grazing: xxi, 168, 170, Ref. 5
Keown, Malcolm P.: Ref. .2

Great Britain Road Research Laboratory (now Transport

and Road Research Laboratory), see Transport and Lacey's regime formula: 267, 274-275
Road Research Laboratory (TRRLV

land management: 223-224, Ref. 8
groins, see spurs landowners: 70, 94, 95

ground covers (see also grasses; turf; vegetation; woody
plants): xvii, 6 landscape (see also aesthetics): xvi, 12, 151, Ref. 14

guide banks (see also spur dikes): xxix, 282, 285-289 landslides: 9, 10, 11, 17
noses, xv, 291

leaching: xxii, 187, Ref. 6, Ref. 21
gullies: 186, 188, Ref. 17

legumes: 108, Ref. 18
gutters (see also ditches): 47-49 linings: xiv, xxii, xxiii, 15, 32, 58-64, 72, 186-188, 209,
haul roads: 22, 25-26, 196, Ref. 1, Ref. 14 Ref. 1, Ref. 6, Ref. 21

asphalt, xxii, 61, 186, Ref. 6
haunch: 135, 143-144, 145, 153, Ref. 5 concrete, xiv, xv, xxii, 15, 61-62, 64, 107, 186, Ref. 6 313

grass, 12, 15, 50, 58-60, 63, 64, 67, 68, 71, 114, 154,
hay for erosion control and plant protection: 21, 27, 186, Ref. 6

45, 112, 127, 128, 129, 130, 132, 192, 194, 195, rock, xv, xxii, 15, 186, 187, 188, Ref. 6
202-207, Ref. 4

loess: 226, 228, 229, 231, 232, 234, Ref. 9
headwalls: xv, 82, 83, 97

mairtenance: 6, Ref. 1, Ref. 14
herbicides: xxi, 54, 166, 168, Ref. 5 airfields, 166

culverts, 84-85
highway construction practices: 19-28, Ref. I ditches, 7 1-73

drains, 93
highway drainage: xvi, 14-20, Ref. 1, Ref. 2 highways, 28-34

roadsides, 167
Highway Extension and Research Project for Indiana slopes, 54-55

Counties (School of Civil Engineering, Purdue University,
West Lafayette, Indiana 47907): Ref. 2 major floods: 241

highway planning and location, see road planning and Manning's formula: 112
locatl'.-.

Highway Research Board (now Transportation Research Manning's roughness coefficient: 115

Board) (see also T'ansportation Research Board): matting (see also jute netting): 21, 24, 59-60, 68,
150, Ref. 4, Rel. 10, Ref. 19, Ref. 21 112, 127, 128, 130, Ref. 4

horizontal drains: 222 median plantings: 150-151

Hurricane Agnes: xxv, 241-257, Ref. 10 Middle East: 226, 227, 231, 235, Ref. 9

hydraulic models: 266 mountainous terrain: xvi, xxiii, xxiv, 215, 226, 227,
228-230, Ref. 8

ice: 273, 284
mowing: 71

India: 287
mulch- xiv, xx, 21, 22, 28, 45, 46, 47, 97, 110, 1111

insloped roads: 221 127-132, 190, 1(ef. 4, Ref. 14, Ref. 18
disc anchored, 22



multiplate culverts: 76, 97 revetments: xxix, 282, 283-284l 290, 292

National Association of Counties (1735 New York ridging: 105
Avenue, NW, Washington, DC 20006): Rel. 15

riprap: 16, 28, 52, 85, 97, 106, 194, 216, 271, 273,
netting (see also matting): 280, 282, 283, 284-285, 291, Ref. 18, Ref. 19,

jute, xx, 46, 50 Ref. 21

O'Donnell, Charles L.: Ref. 10 riser outlet pipe: 25

oil stabilization: 236 rivers (see also waterways): 24, 25, 191

Oswalt, Noel R.: Ref. 22 road design, see design

outfall pipe: 23 road planning and location: xvi, 8-11, 220, 221, Ref. 1

outlet pipe: 25, 69, 70 deserts, 231

Road Research Laboratory, (now Transport and Roadoutlets (see also culvert outlets): .;7-70, 90-91 Research Laboratory), see Transport and Road Research

outsloped roads: 218-220, 221, 222 Laboratory (TRF.L)

Roads 3nd Transportation Association of Canada (1765overflow, safety: 216, 219 St. Laurent Boulevard, Ottowa, Ontario, KIG 3V4,
sections, 242 Canada): Ref. II

Pairital, Amreek S.: Ref. 21 rock foundations and excavations: 80, 195

parasites: xxi, 168 rock linings, see linings

Perry, Edward P.: Ref. 22 rock sausages: 187, 188

personnel training: 29-30 rolling the profile grade: 221

phosphorous loss: 131-132 runways (see also airfields, use and control of vegetation
in): 147-150, 155

piers: 242, 265, 280, 281, 285, 291-292
314 scour, xv, xxvi, xxvii, 16, 33, 233, 242-257, 272, sabkha: 228, 237, Ref. 9

274, 277
safety (see also fire hazards):

pile foundations: 256, 265, 280 hazards, 19, 163, Ref. 5
margins against scour, 277

pipe culverts (see also culverts; pipes): xv, 1, 65, vegetation to improve, 150-151
74-76

salinas: 237, Ref. 9
pipes (see also culverts; pipe culverts): 23, 65, 69,

70, 88-89, 192, 195, 208, 222, Ref. 7, Ref. 12, salting: Ref. 15
Ref. 19

relief, 217-218 sawdust: 46

planning and location of roadway: xvi, 8-11, 220, 221, scarification, light: 105, Ref. 3
Ref. I

deserts, 231 scour: xv, xxvi, xxvii, 12, 16, 33, 83, 85, 98, 217, 220-
221, 236, 242-256, 261-277, Ref. 10, Ref. 11,

Planning and Transport Research and Computation Ref. 23, Ref. 24
(International) Company Limited (167 Oxford Street, estimation and measurement, 263-264, 267-272
London W.l., England): Ref. 3 general, xxvii, xxix, 262, 270, 271, 272

holes, 247, 250, 251
playa: 237, Ref. 9 local, xv, xxvii, 263, 272, 273, 281, Ref. 12

natural, xxvii, 263
Posey, Chesley J.: Ref. 6 waterway opening, 261-279

rainfall: 7, 23, 59, 101, 120, 135-142, 144, 152, Ref. 5, scuppers: 52, 98
Ref. 8

intensity, xix, xxiii, 215-224 sediment traps: 26, 27, 206, 207, 208
simulated, 103, 127-132, Ref. 4

sedimentation basins: xxiii, 17-18, 23, 25, 27, 34,
Rational runoff formula: 112 190-191, 197, Ref. I

references: 35-36, 55, 73, 85, 93, 117-119, 175-178, sedimentation control (see also siltation): 6-36, Ref. 1,
188, 238, 257, 279, 295 Ref. 12

temporary, 189-209
reinforced concrete pipe: 65

sedimentation pools, see sedimentation basins
reverse filters: xxii, 187-188, 285, Ref. 6



seeding and planting (see also vegetation): 45, 108, stone blankets: 190
129, 130, 149, Ref. 14

hydraulic, 46 stone mulch: I l
seed loss, 130, 131-132, Ref. 4

straw: 21, 24, 45, 110, 112, 202
semi-arid areas: 22, Ref. 13

streams: 10, 26, 33, 34, 191, 217, Ref. 1, Ref. 22
serrations, see slopes crossings, 8-9, 24-25, 193-194, 207, Ref. 14

subsurface, 52
sheet erosion: xiv, 108, 228

strip sodding: 106, Ref. 3
sheet-pile:

cofferdams, 281 subdrains: xviii, 51-52, 86-93, 98, Ref. 2, Ref. 18
cut-off, 292

subgrade drainage: 87-88, 90
shoulders: 115, 116

swales, 193, Ref. 18
siltation: 98, 109, 193, 217

control, xxii, 200, 201, 203, Ref. 6 swamps: 81

silts: 232, 234-235 Swanson, N.P.: Ref. 4

simulated rainfall, see rainfall temporary erosion-control features (tee also berms;
culvert outlets; dams; linings; sedimentation pools;

sleeve, burlap: 191 spillways; toe of slope): xxii, 19, 20-21, 22, 24,
112, 189-209, Ref. 1, Ref. 7,Ref. 18, Ref. 20

slope fascines: 106, Ref. 3
toe of slope: xv, 190, 192

slopes: xvi, xix, 6, 12, 13, 30, 48, 50, 59, 86-87, 96,
190, 193, 204, 282 training, channel: xxviii-xxix, 280-297

drains, xxiii, 24, 199
revetments, xxix, 282, 283-284, 290, 292 Transport and Road Research Laboratory (TRRL) (Old
serrated, 4, 105-106, Ref. 3 Wckingham Road, Crowthorne, Berkshire, RGI I
side, 143, 144-147, Ref. 5 6AU): 171, 173, Ref. 5
steep, xx, 40-42, 103-104, 106, 111,127-132, 285,

Ref. 4 Transportation Research Board (see also Highway
Research Board) (2!01 Constitution Avenue, NW, 315

sluice: 67, 9 Washington, DC 20418): Ref. 8, Ref. 14

sodding, strip: 106, Ref. 3 trash racks: 216

soil classification systems: xxv, 10-11, 234 turf (see also grasscs): 54, 56, 64, 67, 68, 71

Soil Conservation Service. U.S. Department of Agriculture underdrains (see also subdrains): 17, 98, 222, Ref. I
(Independence Avenue between 12th and 14th Streets,
NW, Washington, DC 20250): Ref. 17, Ref. 18 undermining: 291-293

Soil Conservation Society of America (7515 Northeast universal soil loss equation (see also soil loss equation):
Ankeny Road, Ankeny, Iowa 50021): Ref. 6, Ref. 13 xix, Ref. 13

soil erodibility, see erodibility U '. Department of Transportation (400 Seventh Street,
SW, Washington, DC 20590): Ref. 7, Ref. 20

soil erodibility factor: 104-105 Federal Highway Administration, Ref. 24

soil loss equation: 102-103, 105, 107-111, Ref. 3, Ref. 13 U.S. Federal Highway Administration, see U.S. Department
of Transportation

South Korea: 106
vegetation (see also grasses; woody plants): 281, Ref. 1,

specifications: Ref. 18 Ref. 5
control, xx, 135-175, Ref. 5

spillways: xxiii, 127 cover, xiv, xvii, xviii-xix, 6, 25, 40, 42-47, 56, 58-
60, 107-111, 222, Ref. 2, Ref. 15

spur dikes: xxix, 16, 247-249, 253, 255, 256, 282, genera and species, xix, xx, 43-44, 108, 137-140,
Ref. 24 141, 142, 145, 146, 147, 149, 152, 156, 157, 158,

159, 161, 162, 164, 165, 181-184, Ref. 5, Ref. 18
spurs: 282, 284, 289-291,

velocities (see also ditches): 113, 114
stage discharge: 278

vitrified clay pipe: 75-76, 82, 83
stepping, see slopes

waste materials disposal: 22, 27, 33, Ref. I
stilling basir! 198 disposal areas, 25-26, 196, Ref. I

stilling wells: Ref. 19



waterways (se. also chann's, rjrainage): 127, 193, wind-blown deposits, see loess
Ref. 24

crossings, 1,'3-194, Ref. 23 wind-blown sands: 235-238
openings, xxvii, xxix. 261-279, Ref. 11 wind erosion (see also loess): xxv, 7, 22, 42, 233,

Waterways Experiment Station, Army Corps of Engineers Ref. 12
(P.O. Box 631, Vicksburg, Mississippi 39180): Ref. 22

wood chip mulch: 111, 128, 129, 130
weatherijig: 226-228, 230, 233

woody plants: 44, 54, 136, 142, 169
West Indies: 137-139, 145, 151, 162, 164 Zambia: 115, 123

wildlife: 26, 35, 294, Ref. 17
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Transportation Research Board
National Research Council
2101 Constitution Avenue, N.W.
Washington, DC 20418 USA

Compendium 1: Geometric Design Standards for Low-Volume Roads. $12.00
Normas de disei'io geontrico para carninos de bajo volumen.
Normes de dimensiormenoicrit g'om6trique pour routes a faible capacit6.

CompOrndium 2: Drainage ani mi Geuloqlica l Considerations in Highway Location. $12.00
Corisidracioir;s (do( dre ajO y gJeol(gCl(;as en Ia II bicaci6n de carreteras.
Coitsidh'iratims s(ir les lacle'lrs (do drainag 0 ( do (lgi ctui influenceni

le cloix J( (tntrr td e route.

Compenditn. 3: Snall Dr aimqenc St ire(jrs. $12.00
PegC ltor iras osttr ttJ or ; J, Inr en raj,

PeistivtS 0 a(lUS o ( airage.

Compcn intJM 4: Low-Cost Water Crossirims. $9.00
Travesias do tlitti deo lhajo osto.
Ottvwrages do frartoltissontoir c]' .au econorniques.

Compendium 5: Roadside Dtaitageje. $9.00
Drenaje del horde do la ciarretera.
Drainage des bas-cW (hs t, a ron to.

Cornpendit nt 6: Investigationi and Developrewt of Materials Resources. $10.50
Invest igaci6n y desar rollo do roon rsos der materiales.
Investigation et drveloppenine des gisernents de Mnat6riau x routiers.

Compendium 7: Road Gravels. $9.00
G ravas.
Les graviers.

Compendium 8: Chemical Soil Stabilization. $10.50
Estabilizacion got mica do SutOlOS.
La stabilisation chimique (ins sols.

Compendium 9: Control of Erosion. $12.00
Control de erosi6n.
Contr6le de I'(rosion.
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