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Project Description
The develo:i menl of agriculture, the distribution of food, the Major functions of the Steering Committee are to assist in
provision of health services, and the access to informatioa the definition of users and their needs, the definition of infur-
through educational services ant other forms of comrnunica- mation products that match user needs, and the identification
tion ,n rural region,; of develcping countric, all heavily de- of informational and human resources for development of the
pend on transport facilities Aithougjh rail and water facilities information products. Through its membership the comm;ttee
may p!;y jnllortirl roles in certain areas, a dominant and provides liaison with project-related activities and provides
universal rieed i. for road systems tht trovide an assured guidance for interactions with users. In general the Steering
arid yet reiitvely ine;pensive moans for the movement of Committee gives overview advice and direction for all as-
p000 ii i( oor s I lhe bulk of th,; nieed is for low-volume pects of the prolect work.
roads lh;it l. i. clly carry only 5 to 10 \ehicles a day and that The project staff has responsibi!ty for the preparation and
sotdorri carry i,, m,ny as 400 vehicles a (lay transmittal of information products, the development of a

[he plarirwlol, di il. construcfion and maintenance of correspondence network throughout the user community,
Ow-VOhinlre ro, ail for rural tr gioirS of developing countries and interactions with users.
can he greaitly or ihinced with respect to economics, quality,
and perfoimarice hy the ise of low-voline roadf technology INFORMATION PRODUCTS
l1i it 15; avillilhle ii 1r11y pirts of the world

In October 1977 lhIr Tfansportatron Research Board (TRB) The two major products of this project are compendiums of
oairln thi; 3-year .-pecr al project under the sponsorship of previously published information on relatively narrow topics

the U S Agenc.y for International Dove opment (AID) to en- and syntheses of knowledge and practice on somewhat
h,,nce ruiral lrins;oril on in developing countries by provid- broader subjects. Compendiums are prepared by project

iril I plboveil .-iCCtec, to exstirng inforiation on the planning, staff at the rate of about 6 per year; consultants are employed
lsgi. conslr,, lion. aind nritenance of low-volume roads. to prepare syntheses at the rate of 2 per year. In addition,

With (.ice ar iL(Jl ce froni a project steering committee, proceedings of at least 2 international contcences on low-
l HB 1 lofin0,5, prodlice,, irid transmits iifornratio"o products volume roads are prepared and transmitted to the project

roiglh a ntwork of conreo,ordentds in developing countries. corresporaents. In summary, this project aims to producePro.,d goa.ls for tre ulticaoe ripacl i thde proec work are to and distribute between 20 and 30 publications that cover
promote effective ise of oistir. i'lfoinlt oi ill tlhe economic rfuch of what is known about low-volume road technology.
deveioprriit of 1rirsportatioi- infrastuctire and Ifiereby to News about the project work is published in the bimonthly
enh:rce oti~ee apeci; of ruirl developrient througho t the Transportation Research News: reprints of these articles are
w o: d distributed to the project correspondents.

lr, addition to the patClaii I and distnuiliori of technical
Sfa oratliori pe!, co al iter.rclioris with ii ers are provided INTERACTIONS WITH USERS

lhroijugh foild vilts, conerces in the United Slates and A number of mechanisms are used to provide interactions
aturoit(. rli.t other forn c; of cOrnnmLnicationi between the project and users of the information products.

Review forms are t-insmitted with each publicaiion so that
recipients have an opportunity to say how the pioducts are

ST E_ ,ING COMMITTEE beneficial arid how they may be improved. Through visits to
developing co(iriries, the project staff acquires first-hand

She c-co; (Cowrniltt" a,; c:ornrosed of experts who have suggestions for fhe project work Additional opportunities for
kriowwjerl i, ,)f ,o mm, ' c. ar cl ocial characteristics of de- interaction with users arise thiough international conferences
veir.rc 1 c-carr~i.mu' cikow;ei;e( of the needs of devetopiii U  in which there is projeci participation and through informal

iii Inr . flr *fr ir I tar, .rru wledge iof ,istir tansporta- meetings with U.S. students w o ara from daveloping coun-
ta (:r i omi. : , . ,ii110 re m remCe irm Its rse., ries arid who attend 'he annual TRB meeting.
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TpetSupport for De pose isf orthe reader to understand the terminology used, l e
ing Coutrie was dertakenl oenhance rural- trasnconditlons to-be crrected and the e-for-per:-

pobrtation in developing countries by. providing- improved fo'rming the work.
accessto existing information on the planning' design, con-'o mChapter iscusses tpcaracices o hag cy
struction and maintenance of low volume roads, Nearly all o rganizations for road 'mainte'narce", including g l eral ,au
lowvalume roads in developing countriesare unpaved, The thorities and responsibilitiestoat the variPousoorganizational
purpose bf thle synthesis is to bring together the best of the levels, s t p +.y .
current state'of the art for mintenance operations on un-<~' ""

pvdrds'Chapter IV outlines various mana6gemnent practicds'~ for

pave; ;;)bde ngoad alo o o.rsurela wl s itnnn + ingL-deueeting,' ntricon trolligu mantnac pcrrms

A principal objective is to present clearly the most effective panigbdengndctrlngmneacer'as.
work ethosndperocedures esporoindividualmac n tenance emphasis on practical applications in typical
operations. But 'experienc.e has shown that koldef'dC I hapingV xoresefctv ilzioInftosade Upr
good work methodp does not nlecessarily knowede ffvassure anmet efeciv whVel es efctie utiliznain ftos andmechanized,
maintenance program. National highway mec ysel aractcs frmagigfeto mechtiaized(,

indiidtil mantennce equipment.,~
for organization and managemoent of mdatl pronetsan ca'iegd d't' of llia6
programs are equally as important as the work methods. ChapterVI pescnpios generndy adtni
Therefore the synthesis will also provide guidelines for the cepted wo'rk methods forl individual, maint6ance activities i
planning, scheduling, arnd control of programs.~ Altern~ativ'e appoache' ae presentedf for workmethods'

The synthesis is thus directed to virtually all levels of high- using mnechanized equipment and for .methods linvolving "

way agency organization; ie., top-level administrators who principallyhnd tools and labor.
are responsible. for policy making, organization, planning', It is the intent of this synthesis to provide hilghway agencies '

'7budgeting, and allocation of resources, as well as field en- in deeoigcutiswt gieie oicryn out
gineers and supervisors who are resposible for actually umaintenance progras effectively, based on th best of cur-
doing [he work. ,* . rent practices and technology, However, conditions and road

Chapter I discusses some of the problems commonly ex- system 'characteristics vary considerably among different,<72
perienced by developing countries in attempting to carry out countries: and highway agencies,. and alternative mainte '''V"

road maintenance programs, The purpose is to make. the * ,nance practices often may b'o'appropriate for particular local.
reader. aware of these unique problems and their con- conditions. Each individual national I agency, should consider 4.14.4

sequences, as well as some ways in which, the 'problems the alternat'ives prsne n dp those policies and prac-
can be overcome. -tices most appiropriate for their own use. Some criteria for ~

Chapter 11. briefly describes the typicai maintenance func- evaluating the varizuLs alternatives discussed inthe synthesis 47
Slions that are normally required for unpaved roads The pur- are icluded.
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CHAPTER I

Overview of the Problems

Highway agencies in even the most developed countries examples of manual labor compared with mechanized
often have difficulties in carrying ouit effective highway equipment maintenance work methods for unpaved roads.
maintenance programs. As motor vehicle traffic has in-
creased in weight and numbers, the benefits resulting from MAINTENANCE VS. CONSTRUCTION
cortnmung proper levels of road rnarntenance service have Whenever there is a question of allocating availab!e fundsbecome apparent. Effective systems, procedures, and prac- for maintenance work or construction of new roads, construc-
tices have evolved This report draws upon effective ap-
oroaches that were chosen from the practices of many agen- iton of new roads usually wins. Two factors coribute to this
cies throughout the world If does not intend to suggest that situation. New construction has much more appeal and oters
these p;-,cices may he applied without modification to greater satisfaction to nighway engineers than does routine
specific local conditions in developing countries. riaintenance, and politicai pressures outside or within the

Motor vehicle transporl has expanded rapidly in recent highway agency often influence decisions for new construc-
years in most developing countries. Extensive road construc- On ohetho
lion prograrns have been undertaken, often with foreign fund- One other problem often arises. Although some new con-
inj assistance However, in many cases, road maintenance is stlruction is performed by non-government contractors, fre-
so iadequate that even newly constructed roads are de- quently construction work is done by field work forces from
teriorating far more rapidly than would normally be expected, the highway agency. Usially these same agency work forces

The experience of officials in developing countries in plan- also are responsible for maintenance. In the day-to-day
ning and nianaging extensive road manterance programs is scheduling of the field forces, this often results in the neglect
limited to a relativeiv short perion of time, often under trying of needed maintenance work in favor of construction or re-
conditins In nany developing countries there is also an habila i ratis.
acule shortage of qualfed irianpower both at the administra- Several administrative actions or combinations of actions
five and technical levels But there is a considerable volume might help to alleviate this problemg
of xpeience available (1ro1 n the More devetoped countries to 1. A firn a commt rient by the government and the highway
guide maintenanice organization and operations. It is impor- agency that road ard bridge maintenance will have first
arit Io remernuen that 'one of the problems commonly en- priority and that funds earmarked for that pi:rpose will
countered ire unique to eveloping countries, and that some not be diverted to other uses is necessary.
adjuStments nay be n,cessary when applying tfe expe.i- 2. Expenditures for construction and rehabilitation work
ence of more developed countries. Some basic problems :n wilt be limited to those available funds in excess ofroad rrainlenance and somne possible solutions will be dis- maintenance requirements.
cussed in this chapter 3. Almost all construction work will be performed by pri-vate, non-government contractors. Agency work forces
LABOR-INTENSIVE WORK PRACTICES will perform only maintenance operations.

4. It agency work forces are to perform both maintenance
Developed countries usually strive for as much nechaniza- and construction work, separate organizational units

lion of maintenance operations as possible. The primary should be established with separate direction and
reasons are that labor is relatively expens', nd productivity supervision so that maintenance efforts are not diverted
can be increasei with suitable equipn -, i ,toperly used :o constructon.
The opposile is Usmally the case in cevelop ,ig Dtwe" .1 The
edqLipinierit ilself arid its operatio are proportion.;1,t,, rTi'Di(;L NONSYSTEM WORK
e-qpensive, ii ticilarly in tenirs of foreign currency, aridt labor
is relativany ie...,pensive Also rinemployrment often is a con- A national road system usually is established in developing
i1ilJr(j prohbemir and it is often m the national interest to countries to identify those routes and road sections for which
encourage thc( I tllztti Onl of manpower as iJuch as possible. the national highway agency has mainfenance responsibility.

Thl it ., io feisile to accept automatically the work Responsibilities for ;ess important roads and streets not part
rnetlods arid procedures employed in rnore developed coun- of the national systen are delegated to local governmental
r e nose rniitenrance operations which car and shoun!d lurnsdictions.
f,e performed with manual labor and small tools musl be Resources are allocated to the national highway agency
ir,,estigale! and clearly defined. In addili )n, decis,ons must based on the requirements for national roads. Unfortunately,
ie mide as to which operations will result in significantly local governments seldom are able to maintain their own
greate )roductvity or higher quality of workmanship it roads and streets and exert pressure on the "ighway agency
mech-ized equipnmenl 1s used. These decisions should then forces to perform both maintenance and construction work on
be clearly docunented so that they can be uniformly and the local facilities. Often the pressure to do this local work
consistently applied. Chapter VI will describe some specific includes nonpublic roads and streets and other facilities.
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Obviously the national roads cannot be adequately main contract provisions, in many developing countries there is
tained when natiortal resources are diverted to local work. The very little knowledge of or consideration for the quality of
options are (1) to establish and enforce policies limiting materials used in road construction and maintenance work.
highway agency forces to work on the designated system, or Furthermore, the controls may not be observed during con-
(2) to make the national agency responsible for all roads and struction. Subsequent maintenance requirements usually are
streets (wilh the possible exception of principal cities) and to greater if proper quality control is not exercised.
provide the additioi"l resources needed by the highway This problem of quality control applies to almost all the
agency fer the expanded workloc:t materials that are normally encountered in road and bridge

work. For the purpose of this synthesis, the concern is princi-
NONMAINTAINABLE ROADS paliy with the materials in the roadbed and surface of un-

to nearly all developing Countries there is one common paved roads. Further discussion of these problems is in-

characteristic of the road systenis Many road sections are in cluded in Chapter VI

fact ionaria' otarnable 5y those operations no-rally consid-
ered as; niamtenance. TI irs situatioi is brought about by one
or two conditios (1) there has been a lack of maintenance on In developing countries annual maintenance work pro-
the sectioiis for so lori that lie condItion has deteriorated to gramns seldom are spelled out in any detail. Buogets if any
the poit wIhore niorimil mainternance cannot provide an ac- usually reflect estimates of the rTldnpower, equipment, and
ceptahle level of service: or (2) the road section w_,s never materials that will be used, based principally on the previous
really countrmuled In tlhe firsl place: it iust grew from a trail with year's experience. There is no indication of how these re-
fia plarii id IilJpinoril, itrade elevalion, drarnage, or surfac- sources are to be used, other than to maintain roads.
mg Some of !hese roa id .sechons can he reasonably marn- Without any documentation or communication of specific
taired dring the dry season. bit become Impassable during maintenance objectives, there is no way to evaluate the effec-
wet periods When this coertiorn extenIs over a considerable liveness of the field operations. Contiol may be exercised
period of time. severe problems arse iii the transport of over funds that are authorized, but there is little or no control
locally pror tricorl maderials to mrrarkets. over whether or not the work is actually performed. It is essen-

Rega'rd! ens of 'lie cause the time and resources spent on tial that a developing country be committed to the corcept of
rnairitaiuirig these roa(ls have little effect Many developing an annual maintenance work program for each field orqaniza-
cotinte., ovr) wil, tfre o funidirg assistance, are Identify- lion, with tile kinds and amounts of work clearly defined. T ie
irirI th;se sectionor irid are (iridertaking programs of miinor budget should delegate 1tunds to specific work to be ac-
'orru i ctl-r i ,r r(ehihttilatin to mike these roads maintain- complished as spelled out in the program
ahle Orily then iri a i nral riaintenance prograil be car- The planning, budgeting, and control of Maintenance pro-
rIlC i wOW ni sf;tOry reciills grams are discussed in more detail in Chapter IV,

EQUIPMENT AVAILABILITY MAINTENANCE FUNDS

S)e',.eoia ' i :our it rie corrirnonly experience dlifficulty it) Developing countries typically have unusual difficulties in
ir l it s,1I'!, it1rlie i r1nlrtlarnce equipolernt is available providing adequate funds for an effective maintenance pro-

vhoe rirt( i wvh er I i,, rroeded In 'orie cases quite extensive gram. This is particularly true in the case where foreign ex-
egij ir merit IC(j i,;&,rir prog rnriTs ex,>i However, the types change is required for equipment, parts, supplies, fuel, oil,
,id l irriher,; of ciio r l tlp CIl pirchaed softntrimes do not an-d other materials that are i of availabie locally. Furthermore,
refli(ct irltiJ rantasai ice reeds Urits orr hand may be problems can arise even with locai funds. Sometimes the
rvii,it)ir o)r itsolete Er ijipieritl proveninve rnaintenance approved budget appears to be adequate, but somehow the

arid repIir [)r. clice!, ri;iy le riade i lte Lack of spare parts total amount never materializes or is diverted during the year.
s~;~; i(_ ii a uIversal rprol..lem Plane; for dislrrbutirg Funds aclually available may thus be less than budgeted and

e( [,rierilt irii)ir fre,:d ;mils often 're not fle:xible enough to later than scheduled
'il)" thre li rout e focclrve iiltl/alrlon Records of equipmen t there is also a tendency in many developing countries to
toc,fioran arnd iavailalIhrty nay ie rorn-e *':4rsr, or field super- employ very large numbers of people in maintenance prop
v~sirr;na be rorc:ctiri Ii) re;lease uitri, re;t, e'enr though 5 ects. The problerem when this policy is followed is that there is a
is u;e f o nily oicc :i,;ifi illy II lhoim , pcrfrc areas Equi pment great arnownt of ovarstaffing; a large proportion of available
rrimy ho avafla~le, I,( I Iriaicr;.1 conrdio n ar sumch that fetl funds must go for the payroll, leaving a-n inadeqiate budget
1ri1d Gil aIrl)ot h) ! jrkih;ed for the tools, materials, and supplies needed for truly produc-

Re",:ir;. im)l t~irfe lri mr rrarrycl evolot,.i' cnuontrie, have live work.

ti, *d ., I:i i( friJr ]ll larr e Irriquiprrient fleet will solve their Governments must be firmly committed to the timely alloca-
rirrir:, proh in', Bit lhe problemis can he coin- lion of the funds approved in the budget. If available funds will

o irdeed with a ipr!;eet tinlest; some type of cormpreten- be less than the amount requested, the proposed work plan
srwVe Ii-;tijerrrenl ',y!:(,,m Is effectively eniployed to assure arid staffing complement must be adjusted according:y.
tilit eiipreritni i s ;vailaitle aiild can be economically oper- Developing countrie- must first realize that adequate funds
ahted Some gerierilly ;icr.et)led ecimpiient management for road maintenance are necesbary, and then provide a
practice eare deu,cri ert in Chiapter V budgeting process that will realistically define the monetary
MATERIALS QUALITY CONTROL requirements. Better scheduling, control of work, and im-

proved utilization of resources may reduce the amounts origi-
Except fcr forergrn-fi.rnderl construction projects where nally thought to be necessary. Finally, committed funds must

guahity control, for raterials are built ,ntn t, greement or actually be provided, and at the programmed times.
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PERSONNEL TRAINING ing what the consequences might be in terms of reduced
services.The experience of most developing countries in road An equally serious problem is the lack ot communication

Maintenrance is quite imted. There is need for training pro- between highway agency officials responsible for planning
grams in four areas,. maintenance programs and field supervisors responsible for

1 .Operator Training -- directed to operator of mainte- scheduling and directing the work. Too often, decisions on
nance equipment so that they may effectively use the day-to-day work performance are made solely by the field
equipment. supervisor, and the end result bears little resemblance to the2. Mechanic Training1 directedJ Ic equipment workshop program of accomplishments conceived by highway agency
personnal so that they may properly service and repair officials.
equpfriernt to miniinize down-tirne and to extend service The answer to these problems is to develop adopt, and
life. follow a system of management practices which3 Work Method:; Training directed to field supervisors 1. clearly sets forth the basic road maintenance objectives
so that they may know and utilize the most effective of the agency, along with the policies, procedures, and
procedures for Mlainte ance operations, the organizational relationships and responsibilities for

4 Management Iraining directed to engineers and offi- accomplishing those oblect\'es;
c:ls in the field and headquarters offices so that they 2. defines policies: on maintenance work methods as to
mafly effectively carry out the functions of planning, wheher mechanized or labor-intensie pracices are
hid(getrn(l, schedtling, nd controllinrg of maintenance used
pr er i eis 3. defines annual programs of specific maintenance work

To ijive if sufficient continuity, Stahis, and weight in broader based on the needs of the desired levels of traffic ser-
policymaking for the highway depaitnient, the whole function vice;
of training or staff development for all levels froi senior en- 4. identifies the resources needed to accomplish the
gineers and rna.mlgets to patrolmen and drivers needs to be proposed work program:
nstitutionalized T ainiiig efforts have too often been seen as 5. appropriately allocates resources aroon( the field work

one-shol affairs, withotit allowance for Ine fact that 10 percent force units according to their individual needs;
or riore of thestaff may rced to be replaced each year due to 6. clearly communicates to each field uinit the expected
retirenients and losses to the orivate sector, and that remain- accomplishments along with guidance for scheduling
rig staff will need refresher courses Many developing coun- and control of work performance:
tries hav set up training sections within their highway de- 7. requires that field units be accountable for their prog-
partnenls ress, 3ccomplishrnents. and the effectiveness of their

onerations.
MANAGEMENT PRACTICES Adopting a systematic approach to maintenance man-

agement is a first essoitial step tcward assuring that marnte-
Perhaps the iuiost serious prohlern confronting many de- nance programs can oe carried out effectively. Chapter IV

velopifig countries is the lack of any systematic approach to outlines such a systeri arid presents examples of practical
rrarmilerinent of highway prograrris, paricularly maintenance application. Additional guidance in managenent practices
operatiors. The oblectives, policies, and procedures for car- can be found in a recently developed "Highway Design and
rying orit maintenance programs are riot clearly spelled out. Maintenance Standards Model," prepared by the World
Governmient officials who musl review and approve budget Bank. the Transport and Road Research Laboratory, and
requests for highway rranteniance operations have little Massachusetts Institute of Technology. The HDM Model is a
bass for oval iatiig requests except by comparisons with computer program that can be adapted to maintenance
previous years' experldilures Proposed expenditures for budgeting and management. Data generated by the modelpayrol, e(uipiriet. and capital expenditures can be under- describe annual maintenance expenditures and an esti-
stood, -)nl they (ive few clues as to what maintenance goals mate of what average road surface cundiuons can be ex-
are recIfLiied, or the level of traffic service that will be provided. pected from various expenditure levels. Currently the HDM
When the approved fInding turns out to he less than the Model is in use in several developing countries and shows
arnorrunt requested, the highway agency has difticulty identify- promise of beil g a valuable management tool

CHAPTER II

Typical Maintenance Functions
This chapter will briefly describe and summarize the typical proach for planning. scheduling, and performing the work.

maintenance functions normally required for unpaved roads. Mos, highway agencies, even in developing counlNies,
The pLrpose is to establish a comrmion base for understand- have responsibilities for maintaining some biluminous and
ng the terminology used and to present the ,"eneral ap- concrete paved roads. However, the road system in develop-
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;ng countries Usually is !argely unpaved. So this discussion is surfacing material, (2) trafic volumes, (3) weather, and
limited to the rnafnteance of unpaved surfaces and the re- (4) the degree of smoothness considered acceptable
lafed drainage annj roadside work. by the agency for the particular classes ot rcads. Some

low-volume roads may be bhded only once or twice a

MAINTENANCE TERMINOLOGY year, while other roads may require much more frequent
smoothing.

1hrouIfhout thI- years mairtenance eng:neers have de- 2. Patching with gravel -- involves repair of isolated trou-
eloped and generally accepted some terminology for van- b!e spots such as potholes, soft spots, surface erosion,

ouS minteonace operations Because thes, terms will be shoulders that have slumped, or other locations where
used In this synlhesis, the following definitions are set forth for surface material nas been lost. Ordinarily a truck is
mutual understandin( required to transport the gravel, but the placement and

1 Rotine riiriter,tce those work iterns regularly per- smoothing of the patches are done with hand tools. If
fomed by irailitenaco crews throughout the year. acceptable material is available near the roadside,
Furicc orn; such as ading aid sr]oothing the surfoce, wheelbarrows may be used and trucks are not required.
patching potnoles cleaning drainage structures, and This is a routine function performed regularly as trouble
CuLing vegetation are considered routine maintenance, spots are observed.
Schedlirig . id performlance of the work normally are 3 Resurfacing with gravel .- is scheduled for relatively
responsibilies of the first-line supervisor of the crews Icng road sections to replace ost gravel when the need
within the overall pIl and budget. is more exensive than can be corrected with patching.

2 Periodic maiteriance more extensive maintenance Over a period of time, considerable mateial is lost ac
oderaions tlhit are required only every several years dust during :try seasons or eroded away during wet
[Resurufacinq with gravel to replace lost material is an seasons. Resurfacing is a periodic function usually, re-
examrrle of l'erioic irairtenance Because this usLIally quired about every three to five years-- more often in the
is an exi'ensive open at:crr, aLIhorily for planning ind case of larger traffic volumes and poor surface male-
schedAhrig If,e work usually rests with someorne higher rials. less fre.quent with low-volume roads and better
Phair the first-line supervisors. Emergency repairs as a materials
ro l (it of lool., or sides ,ire types of LJlfl)larined periodic
milter iice. DRAINAGE MAINTENANCE

3 Reh,ilt,ht, o n i txietterrent a e riot r illy miaint -
narce furictrons htitiare includOd hero because the work Water is perhaps the most serious problem for road
ialty is pertori ned hy the sarre .,, ows responsible for rralintenance, ann particularly for unpaved roads. There are
mianenawice 1he work rivolve, ' ijor restoration of several maritenance functions for the purpore of assuring
raids ai micr conruCtion proOcts tr improvemen that water continues to drain away from or through the road-
of faclitreo ari( narltly is 1)ro(IrarmrTed by district or way area as originally planned or fourid to be necessary over
nie;a(tgilier 1. litf only , period of time.

Ii ,e tti a sy,;tem for tilarinil and reporting iaminte Cleaning aid repairing colverts are routine functions per-
narice woik, tie iiid1vrrtlal flricrior is are (rouped ir severil formcd regularly cich .ar Sediment and debris often col-
general c ateosi:,, of wolk si cli as ecl in pipe ctilve its and small box cilverls causing the flow to

I siJrface iriairit(iiniiice be reduced or maybe even stopped completely. During
2 drain, te mlitlel nice, heavy rainfall, sections cf the road can be washed away by
3 roadsde miiiteiaiice, water which overflows undersize culverts or those blocked by
-1 bricicnote ii ntrrice debris. Culvert cleaning is performed mostly with hand fools.
5 traffic servces, Cleaning of ditches sho hd be perforied at regular inter
b &:litit~ii~h 1(nd trellerwut and vals to remove debris aria plant growh so that surface water

7 exiupirt ;eivic, gard repair cornt)LIOS to flow uriobstricted. This applies to ioadside
lo f,chitdlie repo: i(l iii record keeping, some type of ditches pararlel to the roadway, to inlet and outlet ditches at

irmleni ,V Ae:ll Itri;uiiy is established to identify each of culvert ends, and al locations where water drains away fron
tlhe niiifi/(t!(ill iiieriiiice fun1ctionIs. Those functh)is the roaaway area. Usually ditchres are cleaned with hand
,piFlicit a riori)prv ath( ,ire rescribed gernenally in the tools. Motor graders, bulldozers, or other I ecial eqLtinnenit
follawim i :echtow Mare i etailed descriplions of the work May Ie Ise0d wheri long -ectons of ditches need cleaning
iirefrhl, .i1 procedue.; can ie fotind in Chapter Vi. andor reshaping.

SURFACE MAINTENANCE ROADSIDE MAINTENANCE

UfLrived roid airft ('os commonly require tlree rilairite- the roadside is conisi(eref! thart area between the shoulder
liarice, function. (cich to, a different purpose, of hi road arin the riijhil-of-way rie. Some mainteniarce work

1 13/ao(n( at11 shIampig are required occasionally to pro- in this area is for appearaice, some for salety, some for moan
vikde ,i inrooth rilIng s;rfice by correcling transverse approaches, arid some for prolector of the roadway
(irli igt It-Oils lrid fOl(lttiiJdiill rut11ng0. Preferably, this Cutting of grass is a rialniterciction of softie high-
work is ierformed with a imotor grader, t)ul the s111oo0h- way agenc(ies, mostly for the sake of appear arice on the rrnore
ing Ciii bel accofiplished with tonie-made drags or important roads ad in developed areas Mowing machines
ever i y hand tools. The frequency for scheduling blad- can be u1sed, but in developing countlies the work is usually
ig or diaggiri clenends on ( 1) the characteristic of Ifle performed with hianid tools.
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Cutting of brush and trees is required as a safety precau Sign maintenance involves the' epair r roftion to make sure 'that motorists have adequate sight'dis- damaged traffic signs Iand support i g post 1s New sign faces'
9 tarice, that road signs are not obscured, and that branches do may be purchased or manufactured by the agency. Appro-.

not strike vehicles. This is a hand operation and is seldori priate sign s in good condition areyentsal to the safety andnee 'ded more than once ayear.A' . convenience of m otorists I on principal roads with reiatively .

Erosion controi work can be either corrective ordp'rsev6ntive, -large trfficvolumes. They are desirable. but ess Important for
maintenance. Roadway slopes and itches oftenaresubject low-volume roads in rurae aesto severe erosion as a result of heavy rainfall. Eroded spots
mut be repaired, and steps should be taken to try to prevent 9 i

--~the erosion from occuring again at that location.-.--EQ PMNSRIC G
.!,, oLitter pickup is scheduled occasiodiallefrperanced requires reg-lar:js"rvicin. oera- •

principally near developed areas. However, maintenennc Mainteniance equipment i ' regul.... . '---::;.opera-
- personnel mustcontinually watch for and removedead ani- tions, someonadaily basis, toassureffectiveoperation and
tor a d y w(ich may be hazardous service life. Maintenance is performed both by full-time ser-to trafic . .. vicemen and by the assigned equipm ent, operators. To pro-

Bridge Maintenance Some type of regulaf periodic bridge vide for proper record keeping, an eqcipnL at servicing func'
inspection program should be established to identity deteri- tion usually is provided to account for the tini of maintenance
oration and needed repairs. Typical bridge maintenance op- pers vnnelu t
erations include repair or replacement of decks, rails, and .
structural memb3rs, as well as maintenance and repair of
stream channels and periodic painiting of steel or* timber REHABILITATION AND BETTERMEN1I ',!,

bris....... .oMajor rehabilitation and betterment work usually is planned
TRAFIC SRVICS MANTENNCEand scheduled on a project-by-project basis, In order to beTRAFIC SRV~dS MANTENNCEable to evaluate the adequacy and effectiveness of the regu-

~~7I mos, ,ut highway agencies, traffic services include the tar maintenance program, all charges for labor, equipment,
maintenance and repair of':raffic signs, signals, and pave- and materials allocated for rehabilitation and betterment
ment markings. In the case of rural unpaved roads thecon- projects by highway agencyforces, should be clearly re- ' ,cer is principally with sign maintenance., ported and summarized separately from maintenance work.,

Orgaizationa Framework .

!: ': When di,cussing organization, most people think in terms A: .Atypical organization for maintenance usu~all Inlu des !?
:--of organization charts showing individual units of the organ k.. 1.- some typeof h~eadiquarters unit; "" . :...." '" zation, lines of authority, and staff pos itons to be filled, Such . regionalor district levels, and possibly sub-district urnitsl; iii!
:, ;charts providea good visualoverviewof the organization and .3fieldworkforce units; andli,; : i .!.i

a:i : general idea of tiq internal relationships. But this is only part .4 units responsible for servicing, repair and management "I'

b'i( " "Iasic objectives, Ipulides, and the levels of authoriti es and A clear understanding-of the relationsthips among, thes'e ! '
'-,:responlsibilties. these,0lcy decisions can have a significant unit s essential to assure effective maintenlance operationsi !
. ,.., :effect on how th12 organizational structure might best be es-. Some current practices and criteria are discussed in-the :
ii tablishe d  . :'. " !r following sectionis. - :!..- i .  .-i, _ : . -
: .::For example, a smal compact nation may elect to retain - " ," .": .. :. ' ".;!: i''

::;:i.:.:much of the directon arid control of operations at tlhe !head. - . GENERAL RGaa ANIZATION ,*  ' :r-": : ::' r:,""
'"--:'quarters levelForaswielydispersed rad syst~e iVoerg Tnhe majrfunctioalareas of hghway agen.cy operations : i;

, ..have adecentralzed organizationwithmoredelegation. of equipment. , maeral tetig an-diisro, In this
i:'!. ,:.authority and responsibility :to fiel d units. ; . :,:. i:': syntihesis,,discussions wili center around threeof these fUnc-: ~~
: i ::. Wide variations= in organization for maintenance amnong, tions -construction mnra rptenanca, and equi.Jpment -and the....

hi! = :i hghway agencies, even in hlighl ydevel oped coun~tries, indi- ways in which highway agenc5ies can best organize to carryOate that there is no single best organizationaa framewok., ot these functions .
WEah highwayuagency paiticuany those ndevope th nanner oi Aetpal oac t io feo mane organizace u iyi pcid

o organ zatonld reviewt sing conditivn ealuate alternaive- se tpe o ork underta r ter thefe foc

zati'tesofali, and 'taff poiis tob educh . reionl o district officns, and o sie itictouits;

charts poroviestagodlis ual vevioh or ganization, andw3.nfieldqrktrce units and fed ics
a enra Ieaofti3 neralreatonhis.Bu hi i olypat . nisreposilefo srvcig rpar,~n mnaemn



Decentralized Operations Fqre 2

TYPICAL M,.iNTENANCE OREN7E[) ORGANIZ4TION

In ninst developed COuntrie; and some more advanced MNISTf

develotrinc countries,, considerable amount of authority and of. PUBL.IC WORKS

respo sihblity is dele ,ited to oistrict engifieers. The district
level sorientimes has dqiect IeSpnn~slbl~tiles for F , t I rII u,C'F

1 sun nervi aii o specort uf projects and .r construc- I - *,.., .

tt0ei iy corntrctors. I
2 direction of constricton v force account work, o ' [.,

3 ail uiitlorrnco nne! ation ., FELJA1]
- f10(Ie i I uVeyS'. A
5 sonie de,tign work.
6 some r iateriils testing, i [;[;7i ii,
7 equpmuntl works,hops,
8 right-of-way ic iisition, anc-
9. adm rinistration
In hits capacily,. the district offices are in effect small high-

woly depar lonls representn fir.? government ,n nearly all 7 .
hiqhway ilalt r wllim !he geogriathic,-ir area. As sLich, theyL "'
cannot very weAr Ie srpervised by any single fuctlional unit at , ., .

the henidIgirt:rs level Commonly, trie lines of authority and '''" '"''" ' '

accountailftv ,ire to a he fdqutirtes chief engineer for field
opertions The olher headquartefs futctional divisions prin-cioaliy prov Iv , staff ,gi i(tirice an~ -ssistaincc to th-e field ubnits function then can be a separate staff division, working
through the csief engineer In actual practce, the functional through the maintenance engineer, or J can be an organiza-diions tehiefr enl r Ictreci withp itrict office s wfun itl tional unit within the maintenance office, responsible to thethibsin ofhechief egdieerly with tre bastictlin offi r- with maintenance engineer. This maintenance-oriented organiza-
ity,,, re, rains tuetveer the cho, engineer and Ihe districts. This tioneal arrangement is illustrated in Figure 2. Most developing

type of irramri(e ret is ullutr,lte( ii Fi uire 1 (The illustration countries will find that this maintenance-oriented organiza-
shos 01115, Pt prnc pal Iictrons of construction, maint- tional framework best serves their immediate needs. As de-

m.lice. '1i e(qil)Ienlit velopment continucs normally, responsibility at the district
level will increase and bring about a need for more decen-

Maintenance-Oriented Operations tralization.

1tainii'tion riiy 1' somewhat different in some of the less HEADQUARTERS ORGANIZATION
developed countties, Contract construction projects are not Overall planning, direction, and supervision of mainte-
curvin ori1, ex"Cej t for ie r imp rovernent work un de rta ken nance programs usually are delegated to a maintenancewith foreigrn funt T-he construct~uir, irspection,, and gygdivision of the headquarters organization. I- ;ome agencies,
supervision) for toseprojct usually are the responsibi lity of the headquarters unit serves as supprrt staff without direct
consuutats or the consr;.icion division at the headquarters line authority over field units (Figure 1). In those agencies
level Dis)trict offices seldom are involved to any great extent. which are principally maintenance-oriented, the maintenance

This situalior, leaves trie field units concerned principally engineer may exercise direct authority over the districts (Fig-
with milainteinrce operations arid possibly sore minor con- ure 2). Seldom are maintenance crews assigned directly to
SorLictror by iorce accontI work In this capacity, the district the headquarters units unless there is need for a highly

specialized technical crew (such as traffic signal repair) to
lers maintenance engineer The headquarters equipment serve nationwide.

The head of the maintenance unit normally reports directly
to the executive officer of the agency or to a principal assis-

I ,., ... , tant. The objectives and responsibilities of the unit include
., ":' !1. developrnent of maintenance policies and procedures

for review and approval by top management and for
nationwide implementation;

;i 2. oevelopment of uniform work performance standards
and manuals of instructions for field units:

.'3T1 r 
"'.. development of annual maintenance work programs

...... i [ .and/or review, adjustment, and approval of annual
-. . . --. . . .- , programs prepared and submitted by field units;

- 4. preparation and coordination of nationwide mainte-
nance budget requests;

5. coordination of the allocation of resources-manpower,
equipment, materials and funds-among the major field
units (regions or districts) in accordance with the re-

.... .quirements of approved work programs;

8



-"i, 
'-'w A :i~i ~i¢ ;+ k ;

+
' 

,  ;

6 guiding and assisting field. units in effective planning, vides topmanagement wih current information onthe
ich I eduling, performance, ai ce. . ress and effectiveness of the ongoing maintenance work

1:;progra; v ia~ pron7. reviewing field conditions and nainielvl f Traffic Services Unit ., ~
maintenance' service being provided, with;c. cuntabil-
ity to top management for accomplishmient ofr a pprovecP In moredeveloped countries, this unit would be responsi-

wrpom ;d ble for al traffic signalsisigns, and pavement markingsThis
*8, providing effective training for field personnel. ~ Jytel ocrndpicplywt sin intallatlori,<'K

T1 e extent 1of responsibilities of the headquarters mainte- mnaintenance, and repair. In'this capacity, the unit would be',~)~
--nance -untv-re ,.wt -ted gre-o"d c6~bidii-_- ep nil

employed. Bu"t in ar1 estabishmentrf policies, procedures, and manuals for,
principalrme'ans for promnoting 'uniform and effective mainte-nfm'rdcnitntntowd inn~i~ewor mehod, Hadqartes aso rovdesmange- 2. supervision of a sign shop for fabrication of traffic signls,

n~c ok m to s, Headquarters also provides; manage-++ oraproiatiomentf traffic sign I ro co meria
i/nent practices that communicate work prLgram objectives o r f ir mand requires accountability for work accomplishment.

Al least foui organizational units are needed within the 3.neiteotna adeu dsing sign-iheadquarters maintenance eaivin'zion:' ing; an'i d j <raf{cl+
etingunit 4. directing special sign crews, or guiding and assisting

2.afi ld ppeationsunitdistrict *mailntenance crewswith regard to traffic signs. 1i
3. a traffic services unit, a ;nd'TanngUi
4. a raining unit.
Equipment control may also be included in the mainte- Some agencies establish a central training unit re5ponsiblenance division, but for the purpose of this synthesis the for all tra'inlhg progras through6ut the agency. If this is notequipment function will be discussed as a separate head- thecase,there should be a training unit within the headquarquarters division. ters mainten'ance office. Such a unit would be responsible forThe basic headquarters maintenance organization is illus- prepariig procedural manuals as well as developing andtrated in Figure 3 and discussed in the following sections. carrying out training, programs on maintenaric work

-'meth~ods for field personnel,
Planning and Budgeting Unit ". -

This unit is responble for developing and implementing DISTRICT ORGANIZATION
standard procedures for maintenance planning and budget-
ing as generaly described in Chapter IV. The unit works Di istricts are-establishedto povide ameans for o e ;closely with district offices in identifying maintenance live management and supervision of maintenance' 'ra-needs and preparing annual work programs for the field units. </ tions. Generally, each district should be responsible for aboutThe unit develops work performance standards and estab- 500 to 1,000 km of roads. District boundaries frequently are 'lishes values for planning appropriate uiform levels o' infl .9 ed by terrain, rivers, and other geographic features,,maintenance service. . . .7 as well asby the concentration of highways and locations ofThe unit consolidates the various district programs into a population centers, " ' " ' ' ' . ' i-' 'national program, prepares cost estimates, and adjusts the '. Each district is headed by a district engineer who reports towork programs as needed to fit available funds. Thepogram the headquarters level through the maintenanceengineer -oris reviewed by top management. Following top manaement the chief engineer of field operations. Field maintenance op-
approval, the unit converts the program to the forrmYrrequired erations are usually under the direction of a district mainte-0by the government for formal budget requests. nance engineer, Where large areas are involved, sub-Additionally, this unit reviews and evaluates the perfor- districts may be established within the district, each headed
mance of the various field units by comnparing their actual by a resident. engineer*and with a~ maintenance supervisor,accomplishments with the work program objectives; It pro- responsible for maintenance within the sub-district are, A

typical district organization is shown in' Figure 4,
The principal responsibilities at the district level are
1.1t coordinate with the headquarters maintenance or-

-' 3 ganization in developing annual maintenance programs
t YPICALi :;ADOUAII rtS MAININANCE IORIENIL P N I ' O A fl of specific work to be accom plished within the region, '

F-7 71E(1 
district, and S'Ub-dlistricts; 

'
HIG~WA~$' ' '1 2. to define the resources needed (manpower, equipment,~

and materials) within the area to accomplish the workset forth in the program:- ,or I'On",TtOC 3, to allocate the resources among the sub-districts and

field units in accordance with their individual workloads;U TO ",+':',"+ Q1111Ii+++G~i
I',A xtv: NNI G & "lVic [ 4. to assist field 'unit' in effective scheduling of work ac '>F D I - Ptivilies in accordance. with approved program objec-

~s~,~s5. to guide,- assist, and train field supervisors in~ proper,
" 'work methods and 'procedures;I

9 ..i. 'II''.''.I ...

:++ ++;++++ ' . . . . . . -1 +++++ S



I'; "..' sub-district chief, depending on the number of maintenance

crews employed. Each superintendent can supervise three or
four crews. Each crew has a foreman. The sub-districts also
have a small unit for simple routine servicing of equipment.

I... _,. F __ r I - . WORK FORCE ORGANIZATION

.. .. L. Wth the exception of an occasional specialized technical

f crew working out of central headquarters, all maintenance
... "" .. work forces are in one way or another responsible to the

...... district or sub-distuct offices. The manner in which they are

:. organized and stafed may vary considerably.

_ I District Crews
Some maintenance work requires special knowledge and

S ... .. .... ,., I capabilities, as well as special equipment. Bridge mainte-
nane, ignmaintenance, major regravehin, eaiiain

"- "and crusher plants are examples of this specia type of work.
Because it is impractical to stall and equip all field units for

special work, several specialized crews are commonly estab-

lished under the district maintenance superintendent to per-

form the work on a district-wide basis as needed. The work of

6 to inspect road conditions and maintenance workman- these crews is scheduled in close coordination with the fore-

ship, and to direct corrective actions as needed: men and supervisors in the sub-districts where the wo.' is

7, to implement standard work reporting systems and as- performed. It is not uncommon for personnel from local crews

sure reporting accuracy so that performance can be to assist the district crews.

evlcuted by the region and by headquarters on a For the remainder of the field work forces there are three

nationwide basis, and common ways of organization. Usually, the choice is related

8 to administer and operate an equipment repair and to the size of the area and the density or road system.

overhaul acility and provide skilled mechanics to ser- Maintenance Depots. For small areas and highly compact

vice euiIr)[ent in the eld road systems, maintenance depots or section houses are
often placed at strategic locations. These depots provide

District Headquarters office space and storage places for equipment, materials,
and st pplies and usually have some faciif ins for servicing

In addition to the organization needed for administrative equipment. Alt crew member, report to the depot each morn-

responsibilities, each district headquarters usually has sepa- ing for assignments and are transported in groups to the

rate units for construction. maintenarce, and equipment. various work sites designated for that day. At the end of the

1 A distilct construction engineer is in charge of all road work lay, they report back to the depot before going home.

and bridge construction, both construction by contract Depending on conditions, each depot may be staffed with as

and force account construction. He ,s assisted by prol- few as 10 or 12 persons or a.; many as 50 persons.

oct engineers and coiistruction supervisors. In the case Road Section Crews. Wher. the area is larger and the road

of maintenance-oriented district operations (Figure 2), system is less dense, it becotres impractical to transport

this ftinction would be carried out by a central headruar- crews long distances between a depot and work sites each

ters tn't '.11her than a district-level unit. day. In this case, road sections ranging from 15 or 20 kitome-

2. A disl,,Ct equipmnent supervisor would be responsible ters up to about 50 kilometers may be estabhlished. A mainte-

tor the district equipment repair shop, and a mobile nance foreman. about 10 to 20 crew members, and appio-

equipment repair crew He would guide anu direct priate toois and equipment are assigned to each section The

sub)-district equipiment servi i; facili ies, arid would be crew is responsible for all routine maintenance. All crew

rosponsilo for assuring effective equipment preventive members usually live in close proximity to the road section

n'intenance prorjrairis thiouCfhout the district (This is ald report to the foremen each day. The work is manly

discussod further in Charpter V.) labor-oriented with hand tools. There is little mechanization

3 A d.istrict tn?lterir ei:e eoiqnueet would have responsi- except for basic transport, sometimes limited to biry,Ges.

birty for all roact aid brid(je mairnlerance work He is When maintenance equipment is required for a particular

assiste(d hy ,i rnaitenance KUpervisor in charge of all operation, it is scheduled out of a district or sub-dist;;.: office

speca! district crews (bridge crew, .ign crew, heavy Foremen of the road sections are directed and supervised by
.CIcipnirernt crew, mo)io carnp crew and crusher crew), district maintenance supervisors.

and a maintenance supervisor ii charge of the sub- Highway agencies in some developing countries follow the

district maitenance operaions practice of part-time employment of local inhabitants for

In most cases, the sulf-dis3tricts are concerned principally ma:ntenance york along remote sectio, is of rural roads The

with routine maintenance operations and are headed by a individuals are not regular full-time employees of the agency.

resident engineer or an expernenced maintenance super- They are employed occasionally by the district or sub-ctistr-ct

visor. One or more maintenance superatendents assist the maintenance supervisors for short periods of time to perform

10



specific needed Maintenance work on the adjacent road fined and understood; that the equipment function is respon-
sections. This can be a more economical approach, particu- s~ve to the maintenance program by providing appropriate
larly for those low-volume roads requiring only limited mainte- equipment in good condition where and when it is needed;
nance attention and that the mantenance function is knowledgeable of and

Mobile Crews. In remote, very sparsely populated areas, foll)ws criteria for proper operation, servicing, and care of
even the road section approach to maintenance organization equipment.
sometmes is not practical. Some agencies resort to traveling
crews which undertake maintenance of long distances of Headquarters Equipment Organization
roads n remote locations over a period of several months.
The traveling crews usualy are reasonably well mechanized h igway anieav e n i with thehea.dquarters organization with responsibilities for
and are provided with mobile camp facilities for crew mer- 1. rocurement of new equipment;
ber,. Also included are mechanics arid facilities for servicing 2. establishing operational policies and procedures for
and repair of equipment Because of the nature of this ap- 2 eablishing opeqi p ent:prOa::h, there nay he long pe rod:, of tine between mainte- management of equipment;

3. directing and supervi,-ing a central repair snop that islance work on;ividual road sections --- possibly a year, or
even longer. Wili infrequent atten!ion, road deterioration responsiLle for major overhaul and repair;

often is nore sjvere and the level of service is lss :;ian 4. coordinating the acquisition, warehousing, and dis:ribu-
lion of spare parts arid supplies;

aleguale during inicir of the year. When crews do return to a
long-neglecled road section the work is iore extensive, often 5. establishing policies, procedures, and practices for

field workshops and the servicing and repair of equip-appoacm!. reab,;stOl ratlher than maintenance. The

seriousnes;s of this problem depends on whether the work is mont; and

on remole sections of principal main highways or on lesser 6. developing manuals of procedures arid training fcr field
t,iveled local roads personnel.

These functions and responsibilities normally can be car-The is ranationecharacterss of t e wok fce ind ried out with three organizational units at the headquartersf,-id is related to tihe characteristics of the road system and lvl
level:

the etent of niectrarrizat ion adopted ty the agency. 1 a central equipment w )rkshop responsible for all major

EQUIPMENT ORGANIZATION overhaul and repair ot equipment and for central pro-
curement and warehousing of spare parts and supplies

Regardless of the organizational placement of the equip- to be distributed to the various field wolr-shops;
ment ftinction within a highway agency, the following actions 2. an equipment management unit responsible for analyz-
and responsibilities are necessarl/, ing equipment needs, procuring equipnent, distribu-

1 delermiraton of the types and numbers of equipment ting and controlling equipment, and establishing
needed to carry out the rmaintenance program most policies for effective operation and care of equipment;
effectively arnd economically: and

2 preparation of specifications and bidding documents, 3. an equipment training unit responsible for developing
and tle acceplance and evaluation of bids for purchase arid implementing programs of training for equipment
of equipmnent operators, servicemen, arid mechanics in order to as-

3 rnaragerieitl of lhe 7:,uipment fleel, including practires sure proper operation, maintenance, and repair of
for allocation arnen field units, record keeping on jtili- equipment.
zation and costs, and policies on replacemein arid dis-
posal of obsolcte egLipilent: District Equipment Organization

4 carrying ouit a program of eguiir-icn servicing and re- The field organization for the equipment function consists
tir to assure a rniiIL1rri down time ard a maxiium principally of equipment workshops, warehousing of equip-
se(.rvice lito, arnd rnent parts and supplies, arid facilities for field servicing of

5 a SSLIMHI~j all/ a(J1J;3te Cont(inuin~g inventory of coin- equipment. Major workshop facilities usually are established
ieronly needed spare parts and supplies, at regional or district headquarters with smaller workshops or

Many agorencies e .lahr equipment organizational units service facilities at selected locations throughout the area.thit ,re erlirely eparate from the irnairiteriance organization, Service trucks are often Used for servicing and minor repairs
hrolh it hea (li'i rter.- and at the field levels. The eqaJpmnent of equpment at reioe locations.
rtrn't mm hreade~f pm! C ;:laily b)y a rueghlruriCa'l engineer who has o qimn trnoelctosIn some mnstances, the headquarters equipment office
resliohi is)iiit to miranrage lhe equipment fleet so as to serve

exercses direct line supervision over the field units. Mosteffcliily i!i ml pwnirr users wilthi the agency, often, !'e field equipment units are responsible to the regional
or district engineer, with tile headquarters organization serv-

lon iorm,illy is lihe laiwlesl user of equipment. Consequently, ing as support slaff
srome acjeniec corihine the equipment function with the
iairterr ice orji~mizalior-, m order to provide belter coordira- ORGANIZATIONAL RELATIONSHIPS
tion for carryi; Oul ainIenance progranis.

Each approach has its own meits. Special expertise is Perhaps the most important factor in organizing for mainte-
needed iii the mianagemrfent of both funClions, aund coordiria- nance of roads and bridges is that the organizational
toii is essenhal _(he location of the equipment function within framework must be responsive to the policies, systems, and
tre orgariizalion is not so important. What is important is that procedures established to get the job done most effectively.
the policies, procedures. arid responsibilities be clearly de- Decisions on basic policies, procedures, and management
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practices should be made first 'vlany people will be involved structure. The chart will almost draw itself.
at different organizational levels, and their responsibilities The next chapter will discuss some of the management
ind relationships need to be clearly set forth. Once this is practices that can influence decisions on how best to or-
done, objective decisions can be made on the organizational ganize for road maintenance.

CHAPTER IV

Management Practices

An effective road maintenance program depends to a large tions of these procedures will be presented. Experience
extent on good management oractices. Too often, highway suggests that management may in fact be helped most by
agencies provide a maintenance work force, equipment, and ntroducing new systems rather cautiously and slowly, except
materials, then rely on field personnel to allocate these re- where responding directly to already realized needs. At the
sources ard to plan and execute day-to-day maintenance earliest stages it may be best not to attempt much regular
operations. The res:jlts generally are not satisfactory, and the collection of detailed data for planning purposes (such as
levels of service throughout the road system are inconsistent, quantities and costings, traffic counts and deflection mea-
There also is ,a tendency to assume that more workers, surcments), or even for detailed comparison against plan.
equipment, and money will improve the levels of mainte- Instead, the focus should be wholly on two systems, one
nance. The reality is, however, that it is a good system of largely a matter of training arid attitudes, and the other a
mranagement that can s'gnifican ly improve maintenance full-scale management information system that is limited to
conditions equipment operation and maintenance.

Improvement in the eiticiency of maintenance operations is
an important issue in most developing countries, both be- WORK ACTIVITY DEFINITION
cause of the opporhinily that exists for accomplishing more
with awilahle funds. and -,7--ILuse finance ministrles tend to Typical maintenance work activities were discussed in
cut requsted budgels on groundrs that the funds would not Chapter II. Each agency should establish its own list of indi-
be well spent Typical major problems are excessive num- vidual work activities that will be performed by maintenance
bert', of slaff, inadequate staff supervision, low equipment forces. Figure 5 shows a listing of typical activities that will be
availahlily and ulilization, low poduchvily compared with performed on unpaved roads. Each activity should be de-
nonclovernnerit organizations performing similar functions, scribed in greater detail in a work methods performance
diVers&iol Of equipment and effort to ronroiaintenance work, standard (Chapter VI). A code number is assigned to each
and periodic running out of furnds activity for use in planning and reporting of work.

Most of thuse problems can only be solved over time by One other important element shown on the actvit/ listing is
staff itlritiori, inrlloduction of more flexibility in public service an established work measurement unit for eaclh activity. The
perscmel poiicies, training of middle mnragnement, setting management system will he concerned iio only with the
up belter arr,)jneuts for assuring a regular flow of spare planning and control of money, but also with the planning and
parts. hmlitoj interference by politicians and local dignitaries, control of quantities of work accomplished. The work mea-
arid by firlnii ilternative ways of mneeting local needs for surement units should be readily identitiahle and easy to
moderri x~liiml for local projects. measure and report. Some will be quite obvious, such as

Soin of fine rioe advancect highway agencre: have do- kilometers bladed, or number of culverts cleaned. For others
veloped comple rnairilenarice management systeh"S that it may be necessary to resort to man-hours as a measure of

,;e electrunic coupt iters However, this degree of sophisti- work effort and accomplishment.
caloii is; ruto wirr,inted in miiost developing countries. All From the standpoint of good management, it is essential
i;ariagjent sIy!-te;ri whelther coniputerized or not, should that there be clear understanding between the planners and

richi fe oriial procedrut., for the work forces as to the scope and intent of each mainte-
1 tl,ar q nf amnual work. prorjrarns w1ih specific work to be nance activity and the basis for measuring work quantities. A

,ICc0rn1)h1shed(, listing such as Figure 5 could provide a starting point from
2 d(terv:r) !he rno! effective ways for performing the which refinements would be made as an agency gains ex-

work. perience.
altlc,htirir tlho available res-oujrces to execute the pro-
r;lm, ROAD SYSTEM CLASSIFICATION

,1 ;aw iori/irn tirit .,chodulmng work in ways that are clearly
tinder'tod hy work forces, and The road system in most countries is comprised of routes

5 rup mtnrir work and evalijatmng performance, and road sections tnat vary widely in characteristics of sur-
hvi chapler will discss the basic elements of mainte- face type, condition, and the services they are exrected to

ridne iri riagennerit practices as they might be appropriate provide. Thus all roads cannot be treated the same when
for roost develo. ing counlries. Examples of practical applica- planning and carrying out maintenance programs. Segments
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F,gu,, be less than about 20 ADT. Designated road classes should
MAINIENAriCF ACT.VIT\ "AFINITIONS be color coded on a map of the road system.

AND
WORK MEASUREMEI T UNITS

ROADWAY IN VENTORY
Code Descriptin Work Unit

ROADWAY SURFACES In order to establish a basis for planning a maintenance
i0 la.dingdhaing of unpaved surfaces with Kin. Bladed orogram, there is need to conduct an inventory of the roads to

ntotorgraders, rags, or hand tools to remove
corrugations and rutting - without adding define cearly the scope and characteristics of the system to
material, be narained. If the system is not legally defined it should be

II Patchin small isolated potholes and soft Cu. Meters
spots with suitable new material, established by official policy statements of the agency so that

12 Resurfac of long continuous sections to Cu. Meters
rep ace ost surf~cing material, there is no ques::on about the extoi it of maintenance respon-

DRAINAGE sibilitics.
20 CleLnand Rering Culverts s th hand No. of Culvert, Using the sy!;tem map that identifies the road classes de-

ToolsI Hand -e-nof "_tche with h__d tools. Meters of Dire' scribed in the preceding paragraph, the svstem is divided
22 Machine Cleaninr, of Ditches with motor Km. of Ditch

grader or other motorized equipment, into individual road sections, each having reasonably uniform
ROADSIDE characteristics of surface tyPe, width, condition, and traffic

30 Vgetationotrol, cutting of brush, trees Man-hour- volume. These sections may range in length from a few
ad grass wit hand tools,

1 Erosion Control, repair arnd prevention of Man-hours kilometers to as long as 50 kilometers or more; the charac
roioion,* teristics should be generally the same throughout. Road sec-

BRIDGES fions should also he divided at the boundary lines of each
h0 Channel Cleakmnf,, cewing the waterway of No. of Bridges district or other field management unit so that the respon-

brush, debris and sediment at bridge sites.
1I Repir, repair of bridge rail, bridge Meters of Bridge sibilities of each field unit can be identified.

and structural elements.
A2 Cle and Painting, periodic cleaning and Liters of Paint A numbering system should be used to ;Jentify individual

pinting of steel bridges. road sections. The followin suggested approach involves a
TRAFFIC SERVICES combination of route numbars and kilometer numbers.

50 S Maintenance, repair and replacement No. of Signso damaged signs and sign posts. 1. Route numbers are assigned to long continuous seg-

REHABILITATION AND BETTERMENT ments of the system that connec major cities or other
60 special Projects, restoration or improvement Estimated Work control points. All routes that are for east-west travel are

work on designated road sections - as well Quantities
maine emergency work such as remnoving given an even number North-south routes are assigned
slides and repairing dikes and retaining
structures. an odd number.

2. Kilometer numbers show the distance from tne begin-
ning of the route to the beginning of the particular load
section. The beginning point is always at the west end

of the road systeni, i t hIe placed in categories that reflect for east-west routes and at the south end for north-south
lhe varlaliorrs !rt rei~ibCt inainltnrance needs. These varia- routes.

ltori e, it evri aimong itifferent kinds of unpaved roads. An This system provides easy identification of road sections.
ijilpaverl mcii higiiw;y with cotisiderable traffic will require For example, section 12-60.5 wouid begin at a point 60.5 km
more sirf;ice rnriiriteririce attention than a rightly traveled east of the west end of route 12, and section 5-103.2 would
road lh,:t provide.s-> mostly loc;i service. Those roads that are begin 103 2 km north of the south end of route 5.
(de;i(lii e d ,inad corl,;iicled wdi bolier materials and to rood- After the road sections have been established, each sec-
em st,,,incard; of alif erin. grade, amid dtrainage may require tion should be invnntoried in the field by an engineer or
ess rn'ri rterrailce thir coripartie road sections that are experienced maintenance sapervisor, and the information
iriadegiiltly col lrtictetd recorded on a field inventory sheet Standard forms similar to

The foHoiiq four clis-ses are suoCgested as an ar)propriale that shown in Figure 6 should be provided for recording the
breakuoivvr I )f uipaved rorils for the pu~rI)ose ot irainrtenance information
larirmo ,I The information compiled on the field sheets should then be
Cis' Priiicipril flnrri h(ilhways desigriad arid con- s1ummarized for each management unit, first by sub-districts,
st ructfe to moderri ,t! iihirdi, then by districts, and then nationwide. An example summary
Ciqt,, II Plri lpal icp ,iir nr hways with sulbstar dard sheet is shown in Figure 7 SuCh summa-ry sheets, updated
ahcjrr .it Irh I . (jiairagire, or surface material c ,miSi annually, provide for evPJatlion of the road system as well as
51cic ri lirire;uni( irce prohtirem::; a realistic basis for planiiing and estimating maintenance
C/thi /i %-or 'tI ry roa dI; of lesser imf ortince, cori- programs
-Iticte(i t) it(!d' ,.(dtCiitdi !or low tralff,C vohlmes
Maitwer,inri, or ;il .wrlahoe: travei is listified LEVEL-OF-SERVICE STANDARDS

C41>:, I V crt, ir,, (in uir l roa;i .uLitily )f a pin nitive
nanhir, ItIt Cif,, lln!(' traffic ;ari iv few nirintenince Planning( for maintenance work renUires some preliminary
rnoes lI r lyiol ci necesry to keep these roads open determinaotioi of the desired levels of service. Usually the
for ill woather tr,,'el levels of Forvice are related to the sever;l road classifications
In,' h ,ireno nnr' (.d t ',ltrh( rlcatiiij traffic volumes to r:rrticti- bocause a level of service acceplable for :1 remote road with

ilar roi ! -lases lidualit Igeticies , may wit:li to establish low traffic voIume would be unacceptable for a principal
lheir ov. relatiornslips Prinary highways normally will ex- hilhway wilt) heavy traffic. The standard for lhe mlain high-
ceen : '() \DT. raffic volines on Class IV roads usually will ways would be uneconomical for roads of lower classification
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.... _drainage work, ditch cleaning, regraveling, and other func-
tions. Examples of typical level-of-service standards for sev-" .. eral maintenance activities are shown in Figure 8. These
examples should be considered only as g(; ieral guides. They
represent reasonable objectives for average conditions. The

more advanced developing coui Fries may realistically set
higher service standards. Less developed countries with
fewer resources may need to accept lower levels of service.

Decisions on level of service are very important because
-.... ____ _ -- _t .hey will greatly affect the requirements for manpower,

equipment, materials, and funding, wnich must be balanced
against available ariounts. Field supervisors must be aware

-,,of the intended level of service in their day-to-day scheduling
.• "' of work.

WORK PERFORMANCE STANDARDS
Some roads must be ail-weal' er roads; others might be tem- Usually there is a best way to perform each of the various
porarily closed during periods of heavy rain, or even season- maintenance operations, i.e., a best way from both the
ally. standpoint of the quality of workmanship and the economical

Level-of-service standards can be measured according to utilization of manpoxer and equipment. There are also
the frequency of maintenance requied. For example, a pri- reasonable standards for expected work accomplishment. A
nmry highway may require blading arid shaping at least once highway agency should establish work performance stan-
a rionlh. Less frequent intevals may be adequate for a sec- dards for each maintenance activity, and make certain that
ondary road, and once or twice a year may provide adequate field supervisors meet these standards.
service for a lightly travelcd local road. Similar variations in the Standards, as they are established, should be documented
frequency of rriainlenance operations may be appropriate for in a maintenance manual arid incorporated in training r.ro-

grams. The standards should include
1. the most effective crew size for each maintenance func

lion,
r. . .- 2. the tools and equipment to be provided

.4.4 N70, , SSI3. materials needero,
4. detailed work methods arid tro,.edures, and

5. an estimate of the average daiiy result oixpected when
following the standard.

Figure 9 shows an illustrative maintenance performance

standard for the activity of blading and shaping with a motor-
grade,. Similar standards for other activities should be

-"-- -- -- documented in this manner. Chapter VI discusses alternative
. . .. . work methods and procedures which might be incorporated

I ",performancu standards, based on existing conditions and
the operating policies adopted bv an agency.

Besides providin(J guidance for field Forces, the standards
• also provioe a realistic basis for estimating resoLirce require-

ments for the annual work prorcnmn , and LUdtgels. Standards
......... ..... imay vary among different agencies. dependinq on adopled

practces for equipmenl utlizalion and the framework for or-
ganization. But the objectives remain the same, i.e., to assure
a uniform and consistent quality of worknanship in the most

.. econornical and effective manner, as appropriate for the par-. . .... ....... L.. .... .. . . ... .. .... . ... t ic ular a g e nc y.
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MAINTENANCE PERFORMANCE STANDARD if..M II,. r A[ . 1,, 0, .r .

Acluty Bladng and Shapng 0*, ,_,________
Achly Code tO

06-., .1a, i al, A, or-... Oil s
Description arid Purpose: C,..- D-p,,---p-,-- - -"l C411 t Class 2 C,.,, 3 Cn i Ai

Periodic shaping and smoothing of unpaved road surfaces with a motor grader A..

to (l) remove corrugations, (2) correct rutting and other surface irregularities, . - .
(3) redistrihute loose surfacing material from shoilders, and (h) to restore proper , , ,..,,
roadway crown to provide drainage of surface water. . ,

Performance Criteria: ', ... . ,..: .

To be scheduled and performed at time intervals according to the level-of-service .," "'. i,,',
standards established for the particular road class and location. "" ." ." . .. .,.

Should oe scheduled shortly after rainy period when there is a small amount of . ,.. ,,, I.
natural moisture in the surface. Avoid scheduling the work under extremely wet
o extremely dry conditions.

Crew. Equipment and Material:

Crew E.fpment Materials
I Equipment Operator I Motor Grader None

Laborers Shovels Inventory Frequency Annual Km.ag ...n Rakes Road Class Kilometers (per year) Blading
Work Methods:

I. Place signs and safety devices. Class 1 150 x 12 = 1,800
2. Make pass with motor grader pulling loose material srom shoulder, cutting high

spots and placing windrow at center of roadway. Class 2 225 x 6 1,350
3. Make second sass with m.t.... grader in opposite d,r.mction in the same..anner Class 3 350 x 3 = 1,050

depositing material in windrow at center.
h. Adiust blade (or proper crown slope of 3% and spread material evenly toward Class 4 600 x 1 = 600

each shoulder.
$. Check crown slope with slope board and make additional passes to a.sure correct 1,325 4,800

crown.
6. Remove all ro.cks and oversize material form the surface, and rake sm-,th where

npcessary,

7. Rc.move signs and safety devices. Using the same information sources,the estimated cubic
Work Measurenient Unit: meters of patching for unpaved roads were computed.

Km bladed and shaped

Average P'rooucti_y: Inventory Annual CM
Km per day Road Class Kilometers CM/Km/yr. Patching

Class 1 150 x 10 1,500
Class 2 225 x 6 = 1,350
Class 3 350 X 4 = 1,400

ANNUAL WORK PROGRAMS Class 4 600 x 2 = 1,200
A bqsic part of maintenance management practice is the 1,325 5,450

development of an annual work program that identifies the
specific kinds of work to be performed, the amount of each For the activity clean and repair culverts, the inventory item
kind of work. and the manpower, equipment, and materials of "number of culverts" is used to compute the annual work
needed to perform the work. Such programs are developed program.
for individual field managemrent units (districts, sub-districts,
etc ) and consoldated ior a rnationwide program. The annual Cleaning
work program is developed from four sources of information: Inventory Frequency Annual No.

Road Class No. of Culverts (per year) Cleaned
1 the current rcadway inventory, which identifies the Class 1 1,650 x 2 3,300

length of the road system responsihili t'es by road class- Class 2 1,100 x 1 = 1,100
es. and the characleristics and condition of indi- Class 3 1,050 x 1 = 1,050
vdual road sections: Class 4 900 x 0.5 450

2 the adopted level-of-service stand;irds, which identify 4,950 5,900
the estimated annual quantity or frequency of work
net led for appropriate maintenance conditions:

3 the )rk performance standards, which provide a basis The computation of cubic meters of resurfacing in the pro-
fo' C tIn]g produclivity and resource requirements; gram is based on the average resurfacing depth for each
and road class. This provides values for cubic meters of resurfac-

4 periodic held msp,. .tiots to Identiry needed special ing per kilometer. The annual requirements then are based on
retiabhil,'ition arid 1 ettermerit work. frequency of resurfacing. Figure 8 shows that one-fourth of all

Class 1 roads should be resurfaced each year, while only
After all the iriform,'iliorn Is assembled, it may be necessary one-eighth of the Class 4 roads would be resurfaced annu-

to adlust some of the pireh nirrary estimates to tit the available ally.
resource-; Annual work quantities for all other r aintenance activities

Figrure 10 show-, , typical annual mai ritenarice program are computed in the same manner, using the appropriate
d)c'tr rihtitini tor several selected work activilies. In the road inventory items, level-of-service standards, and work
e Jimr le, the hlidirtg arid shaping requirerments were com- performance standards.
puiled floni the field Inventory summary sheet (Figure 7) arid Any special projects for rehabilitation and betterment work
the level of-service standards (Figure 8) in the following man- are clearly defined individually, along with estimates C,! the
nre. resource requirements for the work.
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RESOURCE REQUIREMENTS gram. Objective evaluations thus can be made of the con-

The work prograrm detines the kinds and amounts of work to sequences when budget reductions are necessary. It is not
mdurir tjust a me.ter of _otting the payroll or broadly reducing expen-prides ad of ter Thet peiormce anedrd. dituies It is a question of which maintenance work activities

prorexale, way of rminigutreshos are neee will be reduced or eliminated, and the effect this will have on
For exanrple, the work program in Figure 10 shows that there thlelofsrie'I the level of service.
shold the about 4,800 kni ( blading unpaved surfaces dUr- One continuing problem is the pressure t add routes to the
,ng the year. The pertorT ice standard (Figure 9) shows that road system, or to increase the level of maintenance service
a standard crew should average about 6 km per day when ior some of the lower class routes. Performance budgeting
blacinig and shaping 1 his means about 800 crew days of will permit identification of the budgetary increases needed
hlacfng and shaping will be required. for hese additional serwces.
The standard crew consists of five men, one inotorgrader, Most governments have prescribed formats and proce-ard miscellaneous hand tools. No niaterrals are required for duwes for budgetary submissions by all government agen-

th:s operation The resources needed for the 800 crew days cies. It is unlikely that a highway agency can depart from
amIout .to 1,00 ni,. day; aiit800 motor grader days. these formats. But a performance-based budget can be pre-

Inlirc. sani *"y. the reSource requirements are estimateo pared and submitted as substantiation of 1te formal budget
i all other maintenance activities in the following sequence request.
1 arnal quantes of work Lmuts are idenpified from tie Figure 12 shows a suitable format for a maintenance per-

work rpfogf,-im formance budget. It defines the work to be done (work units2. annualI raiew (My terirernients are computed from) es- for each activity): the labor requirements (man-days for each
tinilatod prouctivity rites, activity); and the breakdown of costs in terms of labor,

3 rniaoowei mrO uIqi)enit reqinrenienfs are defer- equipment, materials, and contractual seivices for each activ-
moned from s tandard staffilg patterns and equipment ity. All regular maintenance activities are identified in this
assrigItrilieits: and manner. Any rehabilitation or betterment work is identified on

4 materials reqiirmeiets (when appl.cafle) are derived the form as a special project, ,,th the work to be ac-
from the vork pro(rai anid perfoimance starrdlardts. complishted, the locations, and the estimated costs clearly

Fijgure 11 shows a forril suitable for s.mnarizing ftre ienified.
resouirce regurr(.ierili; These stimriiaries shiouldt tbe fre-pared for eacti Sub-drictC. aInd should serve as a basis fer Performance budgeting need not be a complex task. It isattrad for lcat iond 3hofd eipreri an ate for necessary only to maintain current cost data for labor riale-rvtifi m pitC lo mi for a n u l a d asb rials and equirnent and to apply these costs to the resource
als Vlotai of i e to streets will ive annuinal nran days- by needs identified in the annual work program. A more detaled

erriplyoe c :la.itiction. egi iprr out days by type of equip- (scussioi of equipment costing, including the use of equip
irert. aiiil giLiaititi; of cacti kind ot miateriAl mnit rental rates, is presented n Chapl er VI

Excepit for ;urface patching or renewal, mairmtenance oi-
Ordllns )rP Lnrrp;viedfor oa;s require few materials The needs
ire iir e pripciplily to itens such a; replacement pipe WORK AUTHORIZATION AND SCHEDULING

cII'V ts tirrier and lirrdWare for bridge, repairs paint. cc- After the work program and budget are approved the work
rrerrtint rlq maelslf Arnu at (]itilties of these iterms canbe esirmi:led tin the basiS ol elpemence, takrtg into acoutnt plan must tie corniriunicated to the local area maintenancearily in si;il ro irs th alt h fex be anticipated dturlin the super-isors so they know what work they are authorized tocninfl year he erform, when it should be done, and what resources havebeen budgeted. Without this corimnunication, it is unlikely lhat

PERFORMANCE BUDGETING aclual work per formance will be in accordance with approved
oblectives.

Otliciit ro:-poriAle for reviewing aid approving budget In tie case of special rehabilitation and betterment work,
regiuost-, i i(iily ire rol very tan ,liar with the details of road there is no parlicutlar probleri becatise the projects can be

,iuirlo rIric(o operatlitri; 1hey learn little from traditiornal uile clearly defired in terns of type of work, locationr of work,
fhu (lIot iediloeb;IS thil -, mf;ly sot forth rslnrnited requirements arit litrle schedil e for conipletioi But corMlrILicallfrg Ithe
for laior, e. qiprir , it rid iaterials Performanc e budgeting routine rrral/teriarice pro(Iram arid schedule is a little more
its siriple direct way for overc.rnin lhis lick irr com itiirlica- difficult One approach is to provide the supervisor of each
lion irintirieriarice area with a copy of the approved program. This

Perourririr1ce h lg(jeliig relaties firt hicii needs to specific tells hin the anioit of each mairileriance activity he should
woNri, icc()mfrritti irr)erit &3 st forth ii the arrniual work pro- perform during the year, but it does not tell him where or when

16



Figure 14

ILLUSTRATIVE CREW-DAY CARD

. .. ..' , . . ... ..... .C ew.S h ed.e.a r d C r e w S i z e A c t i v it y C o d e.. ...... ........ ... .. *" .... '"I 1 ...... 'L;l', -Crew Schedule Card

Road Class Sub-District

Activity:
/ "Location

Foreman Date: -.........

z - , / 9 9Labor Equipment

His. Employee Hrs. Equip. Unit.

Material

Description Unit Amount

Accomplishment Quantity Work Unit-

It is difficult for a first-line supervisor to schedule day-to-day work order commonly called a crew-day card. An illustrative
operation on the basis of a total annual program. crew-day card is shown in Figure 14. Each area superinten-

In some agencies, the planners at the headquarters or dent is provided a number of these cards for each activity
district level divide the annual program into smaller time according to the numbers of crew days specified in the pro-
periods, erlhcr quarlerly or ruonthly. When preparing these gram for the particular activity. They are issued to individual
smaller ircrements of tie annual program, consideration foremen on a scheduled basis as both authorization and
mus t e given to the seasonal requiroments of particular direction to perform specific work during the time period. A
mainteiance activ -ts For example, a large portion of the special advantage of this approach is that the crew-day cards
surface patching shotuld be scheduled cluring arid an- can also be used for reporting work as described in the net
medialely after the wel seasons, and much of the culvert section.
cleaning should be scheduled prior to lhem. It is also neces-
saw to balance lhe workload throughout the time periods so
that the mar-day and equipment-day requirehents for the WORK REPORTING AND CONTROL
work remain fa fly constant

These short- an-ige programs will lel-, area maintenance There are two reasons why reoorting work is a necessary
superLntenderls to plan irid sc hedule the work. But because part of carrying uut mainteriance programs
the smrpernte;) er;its usualtly direct several indivCiual foremen 1. accountncr informnahon is needed for payrolls, account-
and their crews, there ics als o a need for indiViCLal scheduling ing for expenditures for materials alld supples, and for
of each crew. Cne of the most effeclive practices is to arrange cost accounting as related to naitlenance pro(rams.
regular meetings belween the superintendent and his fore- and
merr to develop del,a led weekly or hi-weekly schedules of 2 rnaragement information is reedfed to review work per-
specific aIssigjlments for each crew and for specific time formance, evaluate prugress toward program objec-
assigrnmenfs Of airy eqLumpmnent that might be shared among tives, to guide corrective action needed to iniprovo work
several crews. Figure 13 shows a fornial suitable for planning performance, and for advance planninoj.
ard documenting a h weekly schedule for individual crews. Some agencies satisfy both renuirements ifi a sn( Ile report-

Another approach thal is used by some agencies for aui- ng systern, while others have separate reporting for account-
thorizing and schedu:ing raintenance work uses a type of ing arid for management informalion. Fronr this standpoint,

17



simple reporting systems should be developed and im-
plemented to fulfill the following basic criteria: . .. v . .. ..

1. daily or weekly work reporting of each crew should
identify the kind of work performed, the work :-cation, , ,, -. .
the resources used, and the actual accomplishments in , .. , , i,,,

terms of work measuremen urits and ( "" ' . ,,, " "" ,, ,....
2. summaries of reported work should be prepared at

monthly interva, in ways that compare actua! ac-
complishrnenls with the planned work program of each .. . . ",
field unid, and to evaiuale work performance in terms of .... .... . .
productivity and performance standards.

The type of crew-day card used to, work authorization and
scheduling (Figure 14) also serves as a good work reporting
document If crew-day cards are not used by an agency, a Two important evaluations can be made from these sum-
separale reporting form is needed. Figure 15 shows an illus- maries:
Irative weekly maintenance report. The form would be pre- 1. the current progress of each field unit toward ac-
pdired by the crew >rerian and submitted at ti end of each complishing the program objectives is measured as a
week A separate S£Cu, would be needed for each different percentage of the annual program: and
work activity performed during the week. Under some condi- 2. the efficiency of operations as measured by productiv-
lions clerks would he provided to assist the foremen in prepar- ity. In the example, productivity is the actual kilometers
ng reports bladed per crew day of work.

FIgure 16 illustrates a typical monthly report which sum- A principal purpose of the performance reports is to pro-
niarizes Ihe performance of a district for a 9-month period vide managers with timely information so that probem areas
from Janjary throtigh September The example shows an can be pinpointed and corrective actions can be taken. Typi-
analysis of the activity of blading and shaping. (In actual cal actions might include guiding arid assisting suoervisors
practice, all reported activities would be listed.) The informa- for better work scheduling, or training of fied work forces in
tion is recorded for individual sub-districts, permitting com- standard work methods arid improved prodictivity.
parsons arriong the sub-districts as well as with the total
districl Similar nationwide summaries would be prepared,
comparing all the districts. MANUALS AND TRAINING

One of the problems common in most highway agencies ,n
developing countries is that systems and procedures for
managing maintenance programs have riot been lorma'ly
established. Or if they have been established, the practices
are riot consistently interpreted arid followed. There is a need
for uniform understanding among all levels of the agency, at

......................... .headquarters and in the field, as to how the maintenance
program is to be formulated and carried out.

The types of information that should be documerted in
..... , .... . I ,. ,official policy statements include

1. the basic organizational structure for maintenarice, the
authorities and responsibililies at each level, and the
relationships with other organizational units within the
agency:

2. policies arid responsibilities for preparing annual
maintenance programs including detailed procedures

.. fr roadway Inventories, level-of-service standards, arid
,, , , ,,,.. ,. !, work performance sta dards:

3. policies and responsibilities for prei~ari per-
formance-based hudgets arid for allocating resources
among field operating units.

4. policies on equipment utilizadion and mm anagemnent in-
-' i',, : , ,.,..... cluding equipmenl repair shops and spare parls: and

5 policies on construction ard bhetterment work by agency
work forces arid by contractors.

The policies, systems, and procedures shonld be carefully

developed with the involvement arid participalion of the van-
i.,.. , .. ous organizational levels that will be called upon to carry Out

Ihe programs. This will promote better understanding of and
.. _-,_______._.___ confidence in the procedures. Approved practices should be

, ......... formally documented in a maintenance operations manual irn
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ways that are clearly understood, along with the respon- Good management practices are particularly important
sibilities of individuals at each organizational level. The man- with highway agencies in developing countries. Planning the
ual should be supplemented with training sessions to guide work and making suretheworkgets doneis equally important
and assist in the effective implementation of the practices. to ' 7.owing how to perform the work in the field.

CHAPTER V and high-quality compaction and finishing (as in asphalt
concrete surfaces) are necessarily more economical byUtilization of Tools equipment-intensive methods . "

This chapter will discuss some of the factors which shouldand Equipment be considered by a developing r'ountry before making a
commitment to highly mechanized operations. Guides will be
presented for the e 'ective use of hind tools and for impr3-

Countries ihat have been in the bi siness of maintaining vised small units of Lquipment. Criteria will be set forth for
roads and bridges for quite some time have come to rely necessary management practices related to fleets of mainte-
extensively on fleets or equipmen' for carrying out mainte- nance equipment.
nance programs. Some developing countries are attempting
to follow this pattern. with varying degrees of success. MECHANIZATION CONSIDERATIONS

Perhaps the biggest mistake of some developing countries Developing cuntries frequently have been tempted to ac-
is to believe that acquisition o0 large amounts of maintenance
equiprnent will solve thei problems Unexpecled high costs qiemcaie qimn o odadbig aneeuiv p m e i ost nance. Often they are encouraged by available loans orfeqUIpment operation, spare parts, iid Ie grants from various international agencies. Foi some coun-
pound problerns by rbligating large amounts of both foreign tres the programs have proven realistic and effective; for
and local funds for current operations. When adequate funds tes the rogras have peen a listic disasectve;tfor

are not available, the equipMent deteriorates very rapidly, others the results have been an economic disaster with little

resulting In excessive down-time arnd a poor record of utiliza- evidence of improved road conditions.
he. Policy decisions on the extent of mechanization for mainte-

The significance of this problem is well Ilustrated in a paper nance operations should be made only after careful evalua-tion of the costs, the economic and ',ocial consequences, and

piesented to the Pan /,frican Conference on Highway the feasibility of continuing funding to equipment programs.
Maintenance and Rehabiliain. hid in Ghana in 1977. The There are no fixed criteria to govern all situations, but the
authors of the paper were C G. Harral and P.E. Fossberg of following factors should be considered.
the Transportation Department of the World Bank. Excerpts
frori that paper include the following: Capital Investments

When we recently reviewed performa nce under past Whe loans or grants are readily available, he initial capital
highway projects financed by the World Bank in 43 coun- Wen loan or grnts e r ailble tental Un Itao
tries we discovered that a uniform problem in almost all iweli i t i equipineit s tess painful. But eventually unts of
maintenance activities has been the poor utilizalion equipment will need to be replaced, and it is not realistic to
achieved froni expensive, Imported equipment Not only depend on continuing loans or grants for this purpose. There
does it require large amounts of scarc, foreign ex- must be a practical local financing plan that recognizes the
change to purchase equiipment, and Ustiallv a1 sabstan- need for periodic replacement )f obsolete equipment.
fial aniount of foreign technical assistance befre local A reliable program of equipment maintenance and repair is
Irstitutiors can he developed, the irmport v.on of luel and essential to continuing effective operation of an equipment
spare parts s often blocked altogether so that we have fleet. This means that servicing and repair facilities must be
the specter of expensive equiprment simply lying idle for available, In most cases, considerable capital investment is
long period,, of tie: ion e country no more than 60 needed for the construct or, of repair workshops and
working days per year is being achieved, due ii large
measure to rmnniediate constraints on the supply of fuel warehouses for parts and supplies, as well as for procure-
and spare parts. Increasingly the Cluestion has been ment of needed workshop tools arid equipment.
raised as to whether these heavily capital-intensive, Experience has shown that the initial acquisition of equip-
neavily foreign-excharlige-cependunt technologies are merit should be accompanied by the purchase of spare parts
riot inappropriate to the needs of the developing COuin- and supplies, with a cost for those supplies and parts totalidng
tries The results of research done over the past six years about 20 percent of the value of the equipment. These spa -e
strongly indicate that labor-intensive or intermediate parts are needed to assure continuing operation for the first
technologies can be technically and economically feasi- few years.

ile for the Principal lasks of civil construction and
maintenance In those countries wfiere labor is abundant Continuing Costs
provided that ctue attenion is paid to effective organiza-
tion and management, to the use of proper tools and to A commitment to a mechanized maintenance program
the health and nutrition of fth york force. Only the tasks of must be accompanied by a commitment to provide annual
long-distance haulage (generally 5 kilometers or more), funding for operations. Such expenditures will include
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1' fuel and oil, 144,, -. Establishing Policies
2. spare parts and supplies, and .-. .k"."' "

3 equipment workshop operations. When all of the above considerations hav6 ,een evaluated,
,Re .ent rapid increases n the cost of fuel have h,,d a and when realistic,.comparisons have been mad.. of theesti

significant impact on'all highway agencies. particularly those mated costs and "available funding, decisions can be'made+
in developi ng countries with imited resources. It does little about policies and 'pralctices for util zation oftoolsand
good to invest iri expesive equipment and then let it sit idle 1 equipment for road maintenance. 54..

becausethere are insufficient funds for full-time operation .  Numerous.options are available, ranging from operations
Furilermore, as operating costs increase, a closer look must' ,th ar "'otally labororientedtocompletely mech .... ,, , . .

m hd htaels' qimn retd priate,'or'a long-range plan ma b esalse fo a' a u*methL -q that are / less equipmevr,!inte :transition to mechanization coordinated with the economic

Socialand Economi . -, . .development and capabilities of the ountry.,.-.. Th ... - .ese should be"topdeve'l decisions that are made objec-
The only real justification for highly mechanized mainte- t lively. Once they are made they should be formally

nance operations would include one or more of the following . documented as oolicy st- tements to gulde future'actiors of ""s"

conditions: ".' ' the highway agency, Worl methods performance standards ''

1, certain maintenance operations can be per formed more' (Chapter IV) should reflect il decisions on-equipnentuitiliza.- 'rm"''
economically with equipment than with hand labor, ' tion. Changescan be madeasonditions change, but at least 4. j

2, the quality of workmanship with equipment i much there will be a plan that may de'er excessive mechanization 22'
better than witi hand labor, and . hat could be costly and ineffeci\ '

3. there is a shortage of available and appropriate labor. ' 4 ' \
The third condition listed above seldom exists Iii develop- ' .HAND TOOLS AND SMALL EQUIPI',FI T UNITS

ing countries. In fact, the opposite usually is true. Wiespread' Even the most de\'eloped countries started out at one time.- unemployment encoura es the creation of jobs in the interest ; .:. ... .. .. .. . . . - . .. ,4, unemployment ehcourae- the. creation of- .obs,. in the.i.ter with road maintenance practices they would now consider to'
of nationwide social,- - economic welfae. If this is the case, be primiive ut hey got te jOb done at relatively ite cos
it is very difficult to justify a' large equipment fleet without ue - rising ve ha Bd too s and ho memade equ ip ent liNearlo stl,
corresponding reductions in manpower, because the very mint eance ork cand o pe r ed w.i.t . - rtoo ale ,'
na ur of m echanize oper tion im p ie tha an. eq a or : , . , ,, ',. . .. m aintenance w ork can be perform ed w ith hand tools alone,'-, 4 .
nater orklchan operat imple tht a eqaual although mre time and a larger work force may be required <'.

44 geatr wrklad cn* e acomlised wth ess maual than when heavy equipment is utilized. However, the tools'
" labor. If the work force is not reduced, there can be no must be available when needed, and the work must be effec-'

economic justilication for extensive equipment utilization. tively panned, scheduled; and supervised,
This is where problems arise. Understandably, offilals find! Ti sey lano e s ch iud and super vi .. . provi sma ll,::'." '. ' j. -.. - ; ,.. , - _ . .• , ,,-This section Will discuss hand tool sand improvised small ;.;,!.;i

*it very difficult to eliminate jobs and reduce the work force.: . units of q quipment,. A more detailed 'description of work '
But in the interest of overall economy and productivity, offi-. methods with hand tools is set forth in Chapter VI,
cials must be prepared to take these actions if policies are ' apter V. '

adopted for increased mechanization. Such decisions can Hand Tools
have significant social and economic impar.t . n Hand Tool . ' ' ' 4444'

Conventional hand tools include items such as picks,'
Trained Personnel shovels, rakes, machetes, tampers, saws, hammers, and

. fo mien :' ' : -wheelbarrows, Some craftsmen, such as carpenters, mayThe etfective use of equipment foromainenance operations provide their own hand toots. However, 'most tool(must be ''
requires considerable numbers of people who are trained furnished by the highway agency, This means ther',.ust'be,
and competent in equipment operation, servicing, and repair some assigned responsibilitywithin the agency for procure-

4fi :In developing countries people with adequate qualifications ment and management of hand tools. These responsibilities '
usually are not readily available. This means there must be sometimes are delegated to the headouarters maintenance

4;'. extensive training programs for equipment operators and. " organization, In more decentralized orgainzations, each dis-;
mechanics, Various approaches can be employed, such as trict may procure, allocate, and control its own hand tools.
establishing local training centers, utilizing expatriate training Periodic purchasing of tools in quintity through competi-. '
specialists, and sending F ersonnel to locations outside the live bidding by local suppliers us.,ally results in the lowest unit
country. In any case, traini~i, which must be considered an prices. Warehousing should be provided at the headquarters'

'4 ' : essential part of transition t0 mechanization,, can be a costly ' or district offices for maintaining a reasonable inventory of
procedure,. However, experience shows it can also be very tools for allocation to work units as the need arises, Inventory
costly to implement equipment operations without ade- control systems should be implemented, including means for
qualely trained operators and mechanics .' identifying of agency owned tools, records of purchases,

The problem does not end there. Highway agencies mus~t allocations to work units and clearly defined accountability
be prepared to establish sala 'y plans for operators and " for the security of tools Broken tools should be returned to the
mechanics that are comparable with similar positions in local ' :..warehouse for replacement or repair.
orivate industrvy Where trained personnel is in short supply When the field oranization involves maintenance depots
aind when highway agency compensation is not competitive (Chapter 111) a small inventory of hand tools can be maintained
wilh that of otheremployers, personnel turnover rates are &t each depot to be checked out and returned daily as
extremely high. Ageny training programs may turn out to be needed by each crew member. In the case of road section
most beneficialforemployersotherthanthe ghway agency. crews, a small supply of tools:can be allocated to each
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F Hardwood handle

- Gusset plates

Filuire 17 SI)a e for Birelool Workers,",..'. ! ~ '

sei;on foreman for reissLance to his crew members as Fgure 19. Animal-Drawn Cart (Philippines).
ileeldeo.

In some cases, modificj-lions may be needed in hand tools
for effective use For example, workers without shoes will
experierlce drlfrCiIlly pLIShing with their feet on the sharp top
elge of cormon shovels A sniall, flat footplate welded to the
tp ed(.le at r1(l a iles to the blade (Figure 17) will make the
work mi'ore C01o if )ale a r ( p rodIUClVe.

Hauling Equipment

Prolh ly the fir-t step loward iiechanization will Involve
equipmenrt for fr:irril mraleruals. Wheelbarrows are consid-
ored officionl for l',ilk ., ibout 75 meters or less. A well-
htejIried wfeelhrrow will have a pneumatic rubber tire and

tialanced desclgn to hiqhln tihe load on the handle (Figure 18).
For lonq;er hair!'; soMe type of wagon or cart shotild be used.
Simpte two wheel carts (drawn by local animals can be effec-
tive for i lislainCe.; upL,) ao lit 500 nieters An example of SU"cI
a Iwo-wheeled carl is shown in Figure 19. Priumatic tires
reduce the required tractive effort Some carts have been
built wi,, hotlorms consising of bamboo mats or planks that

ire smjply lifted 10 u Iloa.d (Figure 20).
The loidi g. Ili limg, arid dtmping of malerials for short

dislarrces car1l rea.ol(jl'y he accornplished with small scoop
scraper; drawn , arimals. F gure 21 shows a typical man-
tifactire.t sc per Vith a little Ingenuity, comparable scrap-

Figure 20 Unioading Animal-Drawn Carl with Bamboo Mat
Bottom (Philippines).

ers can be made from scrap metal, old oil drumS or even
bamboo.

The next advancenient for halinlg Could be to substitute
small, relatively inexpensive farni tractors for animal power,
and to substitute a larger-capacily four-wheel trailer for the

- ",two-wheel cart. This can inciease Ihe productivity for longer
haul distances.

The first real justification for full-scale niechari-;ation irl
developing countries usually Is found whe) there Is frequent
need for hauling large quanltities of Materials for distances in

Ir(pin, 18 Wheerllarrow wIN) t-land Tools excess Of a11bOu.t 8 to 10 kilometers A small fleet of dump
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ROAD DRAG

Ficlure 21 AnimaIDrawn Steel Scraper (Philippines).
Figure 22. Typical Design of Road Drag.

tucks will be much more efficient than small carts or trailers, so important, and will present some general criteria on how
Typical situations would be hauling from quarry sites to the practices may be implemented.
roadway or .Aockpile locations, or from stockpiles to job sites.

Surface Smoothing Equipment Defining Equipment Needs
Equipment needs are described in terms of two criteria:

The moor grader is generally accepted as the most effec- (1) the types of equipment and (2) the numbers of each type.
live tint of equipmTent for shaping and smoothing unpaved Frequently, a developing country produces a list of equip-
sijrf.aces But motor graders are very expensive, and ment needs (sometimes with consultant assistance) based
operators mUst he well trained and experienced to attain a on some rules of tnumb which consider factors such as
satsfactory qualty of workmanship. There are alternatives for kilometers of roadway and numbers of field work force units.
nolnteirice of unpaved road surfaces which should first be When the equipment is received and put to work it is often
consridere(t by ttevelopltg counlries, particularly tor those found that the types acquired are not the most appropriate,
r, i in) i nll)e locotin.s with lower traffic voltumes and the numbers of each type may be more or less than the
V AIIOis types of silll)le, hiromenade devices canl he pulled actual needs.

),t, immirl. tr:icto., or trLcks to dr- t tnd smooth the surface The type of annual work program described in Cnapter IV
Figure 22 shows, ti e design of ,' drag constructed with sawed represents a very realistic oasis for estimating equipm.nu
ttimlers with i ;tel plate attiched in front for a cutting ed§Je needs, It makes positive commitments on the specific
F"(pire "13 Il:,s s.a dr, ig consirucled from angle iron and maintenance operations to be performed, and identifies the
otther -cr;i nmitals Other similar designs car readily be equipment to be used for each operation, based on carefully
1,iicated at little cost Te nfrincipal criteria are one or more considered work methods formally adopted by the agency.
flat cIIttig (It te..S arraflOd s0 iey ray be u)lled at a slight For example, the total number of motor graders required by
inll to Ithe roaidw,-ty. iir enotugfh weight so there will be district can be calculated by referring to the adopted work
,o(fl5( Ciltij riCo willt floatir ig over the su:face. Local inethods siandards and to the annual work program for the
iojit'; that are rallier soft, wilthout a hard crust, can be district. The following shouid also be identified.
s.moolhd retin. rsuhtly well with irniple drags of timbers, logs 1. eacti maintenance activity that requires a motor grader,
or i e( I7 til)nl, I Jo tes devices; is leO;crihecl in Chapter 2 the number of annual crew-days scieduled for each of
VI the maintenance activities,

HEAVY EQUIPMENT

P s s(:Ocot i! tdirn-.ld to ltt )t;o hiijhwi y igencies tltha are
llr i(y thiyh['y i'it.:i,inlz'n'( tt r(oald r,ttttf i llce, or that

i, in 155,' totc'.iOrt:. to ,iccuire e,:elmnsive fleels of
i ,iwtli ,itiw erlijlii i For the f)trpo!e of thi, synhesis,
ht,,jv / e(I'ili iioril lt:iJI(:, ( Itii tick:. imiotor (qradors. ,
f-r .,it i ,i i -, ttrilri.'ris roilers,, int i othetr Iooriz" d ",,.

liri (:ttiti oi t ni . nvi 1 1i(f iniiiteiiriice nI! reht),htf~ttiomt

ec i e o t :h iit 0timOjirt (t mIitl n/l)etditlires

,ii(t (:Ot irist ii.i tt cos for i-,,iv iiiimi t, it is It S I I
pimlict'. i mpr)rtiit t fll' r( lhil th tt mcern will he

'(1 I f"ct i .l. l(5 lor .ialorniot contre' of
ilin"htrmii:'eI.q ,nptliimett oire considerabhly mone ciniplex than 2'':  " . . """ ist,

fi labor t-o ti;rit o ertior)s with halnld ools The following • . , . " .
;(llOft; i Jl, why lhesa riamitgermerit practices are Fi gur 23 Metal Road )mg Shiping Roid Siirface (E,; st Atrica)

22



3. the number of motor graders to be assigned to each specifications and tender documents, (2) acivertising for
crew as set forth in the perforriance standards, bids, (3) the evaluation of bids received, (4) the award of

4. the estimated number of motor grader days required to purchase contracts, and (5) the receiving and inspection
accomplish the work, of delivered equipment.

5. an allowance for equipment down-time needed for ser- Points to be kept in mind by those responsible for equip-
vicin and rcpair, and ment procurement are as follows:

6. the ettimated number of available working days during 1. The preparation of lists of equipment to be purchased
the year. should be coordinated with the field units who will be

With this information, a realistic estimate can be made of using the equipment, and should be based on the com-
the number of molr graders that should be assigned to a parison of the inventory and condition of the existing
particular district. Similar calculations combined from other fleet with the equipment needs identified in approved
districts would perm:t estimation of nationwide needs for work programs.
motor graders. Illustrative calculations are shown in Figure 2. Special care should be taken so that specifications
24. Similar calculations will define needs for other types of clearly show the desired characteristics of the equip-
equipmerl. merit with respect to size, capacity, horsepower and

One other consideration for equipment needs is that the performance criteria. Loose specifications may result in
size and power specifications are appropriate for the job to be equipment that is inappropriate for the job.
done For example, there are several sizes of dump trucks. A 3. Policies and criteria for evaluating bids should be for-
relalively small (and less expensive) truck will serve mally established so that both the suppliers and the
adequately for many activities involving small quantities of highway agency evaluators understand the proce-
materials and short hauls On the other hand, trucks with dures. A point system that considers both price and
larger capacity and more power are more economical when performance characteristics works well.
considerahle quantities are to he hauled long distances. 4. In the evaluation of bids, some agencies consider the
Loaders should he matched ,n size to the trucks The same advantages of maintaining reasonable uniformity in
siMaion a1)ples to motor graders. A relatively light unit with equipment. For example, the problem of procuring and
low horsepower can be perfecly adequate for most routine warehousing an adequate supply of spare parts fur a
maintenance ope rations hut may be totally inadequale for particular type of equipment such as dump trucks is
heavy construction work Because of the much higher cost, it greatly simplified if the truck fleet is limited to units from
WOld e Ineconom1tical to u.s-e the more powerful, heavy one or two different manufacturers rather than a wide
motor grader on mos;t m-.,ntenance work variety of different models.

The work to he done nrisl he carefully considered from the When a developing country decides on a transition to
work progjr~ Egupient i nit:; of the right size and power mechanized maintenance operations, the procurement pro-
nroi.st he solected to ,icconiplisi the work rost economically. gram should be planned in stages over a period of several

Procurement Practice3 years rather than relying on a single purchase to satisfy the
estimated needs. Reasons for staged procurement are as

A headqJjrter, org.lanizational unit normally is responsible follows:
for eqUipment procurement irncluding (1) the preparation of 1. The initial etlts to prepare perfornance-based work

programs may not accurately reflect long-range equip-
merit needs. A few years experience in programming
will permit refining of equipment needs.

.:,, J, ,jT*.: nr, i, Ira i2. Initially, there may be some t,ncertarnty as to the most
appropriate size and specifications for particular units

. .....v of equipmen! for existing local coiiditions. Observation

., o No oi Total and evaluation of the performance of the initially pur-
Au,o ,"de,, Moto, Grader-Days chased units may indicate some changes are neces-

MArit,,(,,i ie, Drow Required sary for future purchases
3 It will lake some time for the eiprment servicinj and

ili repair function to gear up io cmire for the new equipment.
iDurir.l the inial period of prepairatior and training it will

be hetter to concentrate on fewer nun tiers of equip-
nieit . then gradually )!uild up to an increased workload.

.. ...suggested app oac h is to select one .istrict as a test

area, procure einpnrierit for that district, conduct orientation
and tra~ninql of oper~lors. .;erviceronn mid mnechancs, then
ohserve a rd evllale the nerforrmrce ralder controlled con-

-.. . . . ..- ditioris for at short priud of time Baseit on lhis experience,
the eqilipmtn fleet can he eypanded nrtioniwide with g1reater
conficence

. ... , . . , Once lhe equipmoei fheel has Iheeii established, plans
should he made hor re juilar periodic equipmremit purchases
(pert aps annually) tot needed replacerniit of obsolete units
or for exparisior of lhe fleet.
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Inventory Control checklist for each type of equipment showing the inspections
and servicing to be performed daily by the operators, as wellBecause ot the sizeable investment in equipment, there is a asteeringobepfrmdtpeciednevlsy

need to establish and maintain a reliable system of equipment service shops. Moreover, there should be policies and pro-

inventory and control. This means that those agency officials cedure:s to assure that the prescribed preventive mainte-

who are responsible for equipment must know at all times ce pogamsconsitetlycried out.

where each unit is located, its condition, and who is responsi- Training programs should be designed and im'emented

Ole for scheduiling its operation for mechanics and servicemen as well as for shop superin-
A key to inventory control is sonie type of readily under- tendents. Shop management practices should be estab-

sotdabie nirnieriig systeri where each unit is assigned a lished for the scheduling and control of work. Developing
s~pecific rniirher A systeri commonly adopled by many countries commonly seek the guidance and assistance of
hiliwoy iiljricies consists of a three-digit number with a expatriate experts for organizing and establishing the equip-
t !,,v c r pflj.; The preix identifies the type of equipment. ment servicing and repair function.
For example MG n,(jiht indicate motr graders. arid FL might
he use(t for hront -end loaders. Other sinilar coMbinafions of
letter prefixes ire as;qned for each particular type of equip- Equipment Utilization Data
meit ori ways h,t are readily recognized. The three-digit Management must know how equipment is being used.
liur iers, ar assignedi0 cironological order as e oUiprent is Perhaps more important, managers should know when ?nd

rotor grader in' lie fleet, and idsent numbers n dt why equipment is not being used. Idle equipment costs
motrls wtor lhe m fleet, ari roabv eqnen numers in tu money. A basic management objective should be to attain
Sit 1110nw so rmaxiMuri use for each piece of equipment.

rini iv rOne source of information on equipment utilization is the
Prirniify irivorilory rocord; Sihold he mntained in the crew-day card or the weekly maintenance report described in

h(edurt;er'; office ihol solJd show egln(ipinent numbers, Chapter IV. These reports are prepaed by field work forces
ile( liiirciase(t. locaition assigned, anid individual to whom and show the work performed each day as well as the specific

iied C1 Ifr )JeS Of 10oa1ioi shoulJd be recorded, arid I ota- units of equipment that are used. Rates of tilization can be
ti(o5 shiotilt Ie tiriade of the (tisiosal of obsolete units. computed by summarizing these reports and dividing the

number of days (or hLours) of equipment use by the total
Equipment Servicing and Repair riurber of available days (or hours) (luring the period. Utiliza-
Ne irly ill ilevelo)piro cou tries find it dificult to carry out lion rates of about 85 percent or higher are generally con-

idoqii,ite pi(Ir,irli of icqliip eril servicing and repair. Rela- sidered acceptable. Rates below abouL 50 percent should

tive,' nev,' i , of n:(liplment can become inoperative be- be thoroughly investigated.
:,, (I, ii ipito1:r ope(rtoili or s.ervicitg They are then One inadequacy of the regular work reports is that they do
Jid-lined wIti I or (;pire part., ail( by the tirrie the spare riot identity why certain units of equipment are not being used.

tlliv-. 11 le re. ew ilnt iof e(Jlul'ilriel/t has5 been cannibalized To overcome lhr, some agencies require a monthly equip-

fi.) Fill:, to he ',o ()i t other pieces of eq irinefil. mernt report from each field management unit (district or
I[n' o trtiin; c(oitihtie to th IeI oe prothlerw; sub-district). The report lists all pieces of equipment assigned
1 wol kop ,cl'tue. often ;'( nikelI and iriade- to the unit and shows equipment usage by (ays or hours

in Jito. witfoi tI roi '.,y tools; ii nd workshop e(uip- Additionally, the report explains non-usage on particular days
I1(11 ni terrrs such as (1) no work required, (2) servicing and repair,

2 oviii;; ,if s:ir, ir), r id .;l;Filii ire nonexistent, or (3) waiting for spare parts.

of ',o imrteni th, ' i,(l(orii i:, a ieoded plarl le.idly availa- Review and analysis of these ulhzation data will help man-
liii., ins I hitri ii;~ritIi linri)cirenleilt prictice caLuso a agers make proper decisinns on

ri,:, . iJ ;!,v 1. the types and nu',MtrrS of equipment to be included in

2, wi. 'li jl l) ii e r _,i l ot ef ,ire rfot ;hegiuihely ined for future acquisition ,)rogra(Trs

m-mh l .icli F i' III T(oliil Olpel;iiorlI , irid 2. iiore effective allocation of units arioig field work
S 'loins rid Fi'o:edil "o. 1 flt'itve rli;ilialerierli of forces,

,,i, ; r .11)1 u, ,r'nil , rui; liiv. ilt twon developed of ini- 3. sharing of lightly Used equienp n t ariong several field
F Hell')) IhrS" Iunits.

li(fori! ;, ! iIi ;'; 'if i iirn ali e ;ic(rtillred.J, ,1 high- 4. u g)(ra(tilg spare parts inventory to redtuce the amount
w,'ivy i(lr~i'/ ,.iJ i,E' ',rk.( 'i,'. i sk to leJpiOJUte lclithies of down tire, and

rm Fi i',) r'O , ' I, f,(li ,mi (,,li ;wvi.io(l ;il n l pair. 'ypi- 5 Irprovirg the schedullng of equipment servicing and
Oli f o!i'''o ' i 'vork .hlii s :iri, ieh d ( t) a centr;l repair operations.

:- 'lf I ,,Vo(; ,'l'F '.l t, I: i i 1 Fi(:,t0lfrrllii liii: nost corn- Equipment Costs
1110;1[ P, .Nr l , ;Ili, f'h : ll! IrH~~t'( l d'.,H ( 3) ;11h(Jl! ICt ser-

, l(. ..I I 'r : l n'i, , 'rl(:iciil ;110d occii;oriil Relitle data ol the costs of owning al( operating equip-
Il 'rl F'r ii , , 1 ;1 I iir 'iii H ( h ,i.,) of r) ! 1i1SifeO j r)hle nieil is nededJ for effective rnanagemeniii practices. Will

it1. i !t,! ,)llH 'f I i '' ,'.'.( nilioTF r :Oic i r! froqtleqe lly rliechaIlZed )lOllOrS, oCiLqlp rilit costs reflect a large por-
ill! i f, h i, . P 'I. il , 1() r'-, lJ''I r pl V(.e lfio(. ion of the cost,; of ri;liiteiamice program us Three types of
l.u ;ilho'., costs rIiust be condsideed:

A toilliI )riiilr~irti ( Fr rti'r rl t ,i;ufic(i should be 1 op(ahINmIj costs fit Include thefuel, Oil, tlbricafior, aind

' t hfr Ii., lii Iittr r I. Im , would include a ;ervicing nreeded to keep he e(uipiment Iii operation:
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2. repair costs that include the labor, parts, and supplies estimated funds required for each of the three equipment
needed to repair inoperative equipment, including costs.
overhead costs of the repair shops. and The budget would show line items for

3 depreciation costs that reflect the loss of value of 1. fuel, oil, and other operating costs;
equipment during its normal economic service life (as 2. labor, spare parts, and supplies for workshop opera-
short as five years or less for some types of equipment). tions; and

Operating costs osually are recorded through daily or 3. purchase of new or replacement equipment.
weekly reports by equipment operators or service shop per- This is perhaps the most common financing approach The
sonnel. Repair costs are documented on job sheets prepared principal difficulty in developing countries is that these costs
In the repair shops. Depreciationi costs are cormiputed as the often are underfunded, resulting in shortage Of fuel for opera-
difference betweern original cost and the salvage value, ex- lion, lack of spare parts for repairs, and inability to replace
pressed as a percentage or as an annual cost. equipment whet, it has become economically obsolete.

Cosling systems in most highway agencies are centered The other approach is to make the equipment financially
around eguipnient rental rates established for each class and self-sustaining through charges made to users. Equrpment
size of equipment Rental rates are usually expressed in rental rates are established per kilometer, per hour, or other
to,is of costs per hour. costs per day, or costs per kilometer. appropriate indicator and based on the estimated costs for
They are cornpuled y dividing the total annual costs (operat- operation, repairs, and depreciation. Each organizational unit
iug, repiir ard depreciatioi) by the total annual usage includes estimates of equipment usage in Its own operating
(hors, (Jays. or kilOITneers). For this purpose, the concern is budget. As usage occurs, the funds are transferred to the
nt for indivitdil uuts of equipment, but rather for ihe aver- equipment function, providing continuing financing of
(ge of Itr.tir clasS Of e(tlnprrenl The rental rate values equipment operation, repair, and replacement. Annual
can be n.;cd ot hidget estimates. allocating resources to budgets do riof include separate items for the equipment
fielI hIintS, r1(1 for idertrfyilig the actual costs Of individual function itself. This approach is a little more complex, but if
mniitoenirice operatiors, properly adrni'istered, can provide a sound, equitable way of

Cot , (t(,i .ils-o aire , xotaried III t e records of individual equipment financing. The revolving funds thus provided
t s t e ilpfflnl to Identify units thllt have unusually high serve rrultiple purposes. (1) to Irake operations more flexible,
r.pair cost, ,Fie high costs may be due to old age arl for rstance Imr facilitating expeditious purchase of spare
obs;ole o-erice, or m;ay tie ltributale to negligerice and parts, and rerrioving cuinbersorrie pre-audit reqLuirenolris of
,ith-;(e on tie P) irt of operitors regular governmeit procedures (2) to discourage diversion

of equipment to non-road tses, a major problern ii some

Equipment Financing Practices countries, (3) to enale trends in the efficiency of equipment
maintenance and operation to be assessed and monitored,

After (I (ievelulirij cotir)iry ni. d a dlecision tO procuire so that ni,-ariement cal act expeditiously to bring down
eotgiper t for rmdiirid r I(Jg mrairleri ririce, decis ions riruPt COST'S (4) to prorriote awareness within the hirghwa y depart-
tn rilade oin how ,I cirutirLruiru egu[rrieorl program isf. to be irret of the hgh cost of equ)menlt (iniost simply by all hourly
flliilice( S ililrrue; whler) rlrtl )lrchases are firlariced itso cliarg.) and thereby encourage economic LtifiZalion (5)
with fore lo.:iu ,I , little ,itle,-,rutori tis I hrectort to flittre f rhrcIi to offset any possible distorted decisions (e.g., against labor-
obhigJIo '0 iinterisive operations or against cont racting work out to the

ihlcre ire two pructcal p ippro ilcie. for lirtarreirt these private sector), arid (6) to reach the stage of heirig able to
or.) t-iq emlptiiriflt cni ;t: the firt rid mrost direct L p- inancoe(uiproert replacement, to facilitate such purchases,
p1o.,cr r, to recorr o. tt r iciuoe iri ec th ainiual h nget the ald to encourage decreasing r-liance on foreign loans.

CHAPTER VI

Maintenance Work Methods

fet' i iro euve.' r:il Iiii ortarit rv;-orr.; for ;id ptirirq ;ltiidard manpower, edluipmei, anid rmateri lu will asstre tIhe
wcirk irii.tfiO)(:t.; four rrld; ,-iii, ;rr:tiy'ttOe, Iost effective utilialiorn of resour--re:; for Il lilri 'ice

1. W illo(il( Ajml(;( ir( '.,,ork iriel~t-d( flhe q./;jl ty o.f mnateri~ll.,
jrd w ' ! rrim -h qo iiity ,i v ( n ,,d e i ih y irio j fe l W h orn the k rid ,; iodk ifito nl,, o f fit i~o fl 'im i Ict K'Vilw !tm

unitS lHiitVIiti ; crew , lir , wVill ti~Ivi differeill ire fl,iriird ini ;id ancr(. fot ;i ,xinii,iIl pro( r,ri. tin
id(er; ;ihtrit iiow I) tertci i the work 7:, velt i; ns ldard work rmitfiot l., id iveri(lIolrotlocitvity r it,
e'tirrtr en l(alty of "v :kirr l hii l),trn riece a ry)Ie';y l , iit' tito r nli te i rel;iln(:.; ,11d foo

2 ri( (, r i (liv rnl ;et of crrntddlerfl'; tl rW iil' isA ;i hest mit for the r
w.va tonrertori thtiwotk ifrijii 5tiit(. l ril cM ciss adid itS (tOeS Pit rio tt m t ri iiirteif lriCt work moirr ttii:; slI
prodi civilty Certaiinr )ocrO io. Cid c)riitiritio S o (aidP, will heri the n ,,i for ,[1 illitqltW. y ,iel( lwn; jif(lrencer,
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in~clniate, terrain, soils, field organlizational practices, and the Mechanical Blading and Sing
extent of mechanization may vary appropriate work methodo ~ ''~'-Perodi smohn n ehpn stemst common

Individual age~ncies should carefully consider their- own "i ,Proi mohn n e ifi h otcmo
~->~ 4~~niue ondtios wenadptig pandrd~orkmetods maintenance operation for unpaved surfaces; it produces the.

Adopted snbe' most.obvious improvement fo moonst .The motor grader
~iv~ or~p~nulsforfi~d prsnne Prgras f taip6ec - ha's b'eome the'generally~accepted piec o f equipment for ~lie r4au o il esnePorm of tand hs, ~eatin. enf cou ntries'that'have,no 6 oc~me highlyisupervision should encourage field 'units to follow the thi ' '''' " "

dardsIf better'andnore effective methodsae foundthe ih usally motor graders aaia

standards should be revised. A Nhichtobade tenenprtd U>"ns 'i '~_.peove,,app.[oachbis-available-foE,'echarn.zed
..This chapter will discazc iet.il-I work methods for specif ic- ei ie-ecaned

maintenance activities alorng with aernative approaches for' isonttiaqir6i -
part.. ular critionThe equipment is, hydraulically operatedfr m .he cab anidis

particular condi kmtioosws.houdiistI6'als~e ;; oiideie!oaino

usally mrounted on ,four-whe'el driv'e trucks to -provide' '4
adequate power.These units are not as eeffective as a motor
grader for blading operations,na can they effectively bade

S F M N N Ehes, but theiravailabilityforuse as a truck gives added
The principal objectives for maintaining unpaved surfaces versatilityto the overall equipnent fleet,.

dare (1) to keep the surface reasonably smooth, firm, and free rThis synthesis does not give details fir operation of d motor A""

of excessive loose material; and (2) to maintain the proper grader or any other particular kind ofequipmentsIt i I s as-
roadway crown for surface water ruoff The various activities suind that some basic operator, knclredge and skillstcur-
directed to these objectives are discussed in this section. -rently exist, or will be provided through training, Rather, the "

synthesis emphasizes how equipment might be used most
Surfacn ateris oueffectively for particular operations. Compendium 5, Road-

e side Drainage, and Compendium 7, Road Gravels (Transpor-
Some surface maintenance activit6;e involve the addition or,' tation Research Board, 1979), prov'ide more detailed in-

replacement of surfacing materials. Before talking about formation on actual motor grader operati'ons,~
maintenance work methods, we should first look at some Normal deterioration of unpaved surfaces usually results in
criteria for surfacing materials. The quality of these materials one or more of the following conditions which need periodic
can have an important influence on the effectiveness of correction:
maintenance operations. 1 . transverse corrugations:

Surfacing of unpaved roads can range from the natural 2. longitudinal rutting;",
soils in the area to carefully graded crushed aggregate. 3. erosion from surface water;
Sometimes the natural soil has characteristics that provide a 4. loss of crown elevation at the center line, ith build up of
reasonably stable wearing surface - usually it does not, loose material along the shoulder; and
Under anycondition, careful consideration should be given to 5. potholing.
the quality of the materials initially employed in or added to an Figures 25 and 26 s how typical examples of unpaved sur-
unpaved 'surface. *'face deterioration, including rutting, potholes, and soft spots

Compendium 2,'LDrainage and Geological Considerations with standing water.
in Highway Location, published in 1978 by the Transportation The frequency fdr scheduling repairs depends on' the'
Research Board, includes sections on Subsurface Soils Ex- 'characteristics of the surfacing material, rainfall, availability of
ploration and Field Identification of Soils and Aggregates, This capillary water to keep the surfacing material moist, traffic .

source provides an excelent basis for classification and rat- volume, and the level-of -service standards for each of the
ing of soils and aggregates as road materials, These pub- various road classifications.
lished techniques should be employed by highway agencies Moisture conditions greatly influence the effectiveness of
for evaluating local sc"l conditions and for locating potential blading a'nd" shaping' operations. Little work can be ac-
borrow sites for surfacing materials that have desirableA
characteristics. v

'When roadside materials prove acceptable, they may be
used economically as surfacing material. When the material is
unacceptable, arrangements should be made to import
selected natural surfacing materials or crushed aggregate
from the nearest approved sites. Some agencies stockpile '

supplies of surfacing materials at convenient locations along
roads for future use in maintenance operations. t 'T

One of the best wearing surfaces seems to be a combina-

largest size usually no morei than about 2 cm. The pieces lock
and pack together to make a strong, tight surface. Fine mate-N "X2

rial is added to fill the voids and serves to hold the aggregate
together.

The added cost of good quality surfacing materials usually
results in overall savings through longer lasting maintenance 14 "4

repairs. Figure 25. Unpaved Surface Deliarioration,'
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' -- Adjustments in the vertical angle of the blade permit diffe-
rent types of operations (Figure 27) as follows.iE ' 1. When a cutting action is needed, the blade should be

set back at the top and forward at the bottom cutting
edge. In this position, corrugations and high spots can
be cut down.

,At A, .2. For most normal grading work, the blade is set in a more
vertical position.

3. When a spreading or dragging action is needed, the top
of the blade should be set forward. A dragging rolling
.tion created by the curve of the blade helps smooth
and compact the surface.

One of the most important functions of the blading and
shaping operations is to restore a-d maintain proper roadway
crown so that surface water will drain off as quickly as possi-

Figure 26 Unpaved Surface Deterioration. ble. How much crown slope is best? For soil-aggregate sur-
faces the slope should range between about 2 to 4 percent.
Thus the surface should slope down 2 to 4 centimeters for
each meter of width between the centerline and the shoulder.complished rtiirnrg very wet periods, and it is extremely dif- Less slope is needed for a porous, sandy soil because it

ficult to get any good results when the surface is very dry and tends to absorb moisture without softcriing the surface. Clay

hard. The best time to schedule the work is during or shortly soils so ave aosteper soe

after a rain or following the rainy season when the surface is soils should have a steeper slope.

reasonablyeOn curves the normal crown slope s replaced by a

facilitate easy culling. noving, and compaction of materials. superelevation slope, i.e., one continuous slope from the
Wacitate ea s ure boi nd compfact illiot long emai , shoulder on the outside of the curve down to the inside shoul-WiothutIbi nioitrtor bine sder. Superelevation serves two purposes. It provides for safer

larng and sain fteen isasinge-uoperation of vehicles around the curve, and also takes care ofon torgr and unesh: pm often is a s-ngle-unIt operation, will surface water runoff. Superelevation slopes may be a littleorie reeer grader mud one operanor Some agencies effec- sleeper than normal crown but should not be over 5 or 6tively isc two units working in tandem, with the second uni percent. When slopes are very steep. the water may run off
overlapping Ihe blading path of the first Also, two or three too fast and result in erosion of the sirface. Particular care is
tiahorers should be assigrned to the operation for occasional

hand iakiig and st ocll iing. .ind for picking up and disposing required in shaping the transition in cross apes between
of oversize rocks thdat may become dislodged during the tangents and curves.
(jri ero. Slope can be measured by motor graders that have agr g -crown guage mounted on the instrument panel. It this is no,

available, a simple homemade crown board can be con-
3 structed for the desired slope. Used with a carpenter-type

level, the board shows the cross slope to the motor grader
"operator so thai adjustments can be made to fiatten or

" steepen the slope as needed. Figure 28 illustrates use of the
crown board for checking the slope.

During motor grader operations, the blade is angled nori-
/zontally so that one end is slightly forward and lhe other to the

1-8

-i
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Figure 31. Spreading a Wridrow (Ghana).

or ditch to retrieve materials to build up the surface elevation.Care should be taken to avoid contamination of existing good

quality surtacing with interior material from the ditches.,., Sometimes a hard crust forms along with deep rutting,
2 )potholing, and corrugations-a crust that may not cut easily

with the grader blade. Under these conditions, a scarifier
attachment on the grader is used to break up the existing
surface before the blade is used for reshaping and smooth-
ing.

When using a scarifier on natural soil roads, or on aggre-
gate surfaces when oversize material has not been removed,
there is a tendency for large rocks and other oversize material

Figure 29 Corect Horizontal Blade Position for Forming a to come to the surface. These objects should be removed
Widrow before attempting to smooth and shape the surface. Other-

wise these large rocks catch under the blade and tear the
surface.

re. ,Ag(iregale- roll to the back end o he blade and ally Will a well-trained and experienced operator, periodic
cecs forms at wiiihow (Figure 29) The first passes with the bladino and shaping with a motor grader usually produces

motor (trader should hie along each1 shOlder so that excess the highest levels of maintenance service as shown in Figure
niateiil fromt ich side is brought to the center in a windrow. 32. But other approaches may be more desirable and
Thi :s.... u ,rrate, i Figure 30. Aocitional rasses economically appropriate for some agencies.
ire their miide with a dragging action of the blade to spread
trid compact the winlroweo material back across each side Hand Tools and Drags
;f the roadway IFi(lure 31), with special care taken to provide
the desired crown shape When motor graders are not available, or when it is the

Where adiacenlt Iiaural soils are of adequate quality, the adopted policy of an agency to utilize manpower as exten-
fpras! fi., of the niotor grader may start in the roadside gutter sively as possible, regular smoothing of unpaved surfaces

. € " .+--': .. .-

Figure 30. Forming a Windrow (Ghana) . Figure 32. Completed Roadway Surface (Ghana).
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can be accomplished entirely with hand tools. This is particu
lany applicable in reniote areas for roads with low traffic i "- .
volumes and where local maintenance crews are responsible -
for a particular road section. V

Corrugations, rut!. and loose gravel can be leveled and . . .
smoothed with hand picks, shovels, and rakes. More time and
manpower are required by this approach, and generally the
results are not as satisfactory as with a motor grader. But a -

lesser level of service is acceptable for some classes of -
roads, and the costs usually are considerably less. -

Highway agencies have found that some simple WV "
honlarnade tools and equipment are effective for the smooth- .
11g and shaping of Unpaved surfaces. Numerous types of
homemade drags have evolved which are quite effective for ,
sarndy surfaces, but may be somewhat less effective in rocky .
sotls and hard crusted surfaces. Figure 33 Typical Soft Spot Requiring Patching.

The simples, drags might ne timbers, logs, or heavy brush
Used to smootli the surface More sophisticated devices are
made of scrap metal, or wood with metal cutting edges
Sometimes additional weighl is added. They are pulled by of acceptable quality. Otherwise, patching materials should
aninials. small tractors, or by trucks. Some examples of these come from designated pits or from nearby stockpiles estab-

devices are llustrated in Chapter V (Figures 22 and 23). lished for that purpose. All oversize material should be re-
Dragging is primarily for the purpose of filling in ruts and moved before placing the surfacing on the road

smoothing out irregularities m the surface. Unquestionauly, Even in the more developed countries, patching is primarilythe niotr grader does more precise work for reshaping lhe a labor and hand tool operation. Trucks may be used for

surface and restoring crown. But by controlling the blade hauling materials, but fhe material is usually spread and
shape and angle on sonie of the better drags, excess mate- comopacled with hand tools. In the case of very large patches,
nals can be moved from the shoulders to the center and thus motor graders may bo used for spreading materials and

provide reasonal ly good reshaping andt smootlhing of the rollers for cormpaction.
surface Tihe sequence of operations is essentially thle same If fhe problem involves soft unstable spcts, Iwo things

as with the motor grader except that it probably will be neces- should be done before new material s added

sary to niake more passes with the drag. 1. A check should be made to see if the problem is caused
hi adhmtmc.n to the operator of the truck or tractor which pulls by water. Excess ,,aler in the subgrade caused by

the (Iraq (or the handler of the draft animals), additional labor- ponding along the roadside often causes instability. It

ers with picks arid shovels usually are needed to loosen hard may be necessary to revise drainage ditches, construct

crusted rrieras annd to remove oversize rocks, new outlet ditches, install a culvert, install perforated

As wil hbldin(q, dragging is most effective with a small pipe underdrains, or even raise the level of the roadbed.
,0ir0o,1i1t(of moisture in the soil riot too wet, niot too dry For a 2. Any material with unstable characteristics should be

conparapble level of service, if is found that dragging usually excavated and disposed of so that new material will be

niust he perforrired at more frequent i tervals than blading of a depth adequate for the needed support.

with a ieotor grader There is great opportunity for innovation When trucks are not available other implements may be

lin thie desKin, con'trucion, and use of homemade drags for used to haul patching material to the work site, including

snrmoothliii ind sh ipirlq unpaved road surfaces anlina-drawn carts, wheelbarrows, and even baskets. Trucks

Ideally. a reslhaped giravel road should be compacted with are more appropriate if the haul distance is very far.

a smoolh-wheel or rubber-tired roller, but this is usually too Patching materials should be placed in the holes in several

costly An allernative is o coMnipact the surface with repeated layers, each not to exceed about 6 to 8 cm. This permits each

as;ses of a heavy truck In nicst cases, compaction is left to layer to be firmly compacted in place, and is more effective

vlciles trwvelin the road a praclice that is not very satis- than trying to compact the entire depth of the patch. Compac-
factory hociluse coip.ction is hmted In corrinorly used lion will result in greater density (and better results) when

wheel lrack!, and does riot cover the entire surface, water is added so that the material is near the oplimum
moisture content.

Patching Tools needed are shovels to move the material, rakes to
spread it evenly, and some type of hand tarops to compact

Problem areas ofte develop in unpaved surfaces al small the material. In the case of very large areas to be patched,
solated location.;, while most of fhe roadway section remains drags may be used to spread, shape, and level the material.
iii reaonahly (ood coridition Exarinples of these problermis The need for patching is greatest during arid inmediately
miiit i ciide ,.ft spots (Fi(gure 33) caused by Unstable following extended rainy seasons. It is extremely difficult to
ii;tenial, polholes, aind surface erosion These conditions place good quality patching wthen the surface is wet. But from
Si' urlly r iuire l c ir hi with additior al surlacing material, the standpoint of safety and comfort of motorists, sonie type
Provioli s (lici ssiurns erripfisized the inportance of the of temporary repair is needed. Under these condilions, tem-

(i, alily of surfa'cing Hiiaterials LJ;ed in road maintenance. This porary patching should be scheduled without concern for
,tiult )e rerrirnenered even with s imple patching opera- careful layering and compaction ,t material. This will alleviate
tor i, Huiih.Ai(( riallrtm li .hould te used only when they are hazardous conditions until pernianent repairs can ie made.
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Extensive permanent catching should be scheduled when 4. The number of dump trucks to be assigned to the work
road surfaces have dried out sufficiently. will depend on the haul distance and the rate at which

material can be spread and compacted on the roadway.
Whenever possible, the material should be placed

Resurfacing through a spreader box (Figure 34) to minimize segre-
gation. In this case, too few trucks will delay progress atOne of the characteristics of unpaved roads is that surfac- the work site, but too many trucks will cause inefficient

ing materials are lost over a period of years through the delays in unloading. If spreading is by motor grader, the
combined actions of traffic, surface water runoff, and material can be deposited on the roadway for a short
windblown dust. Under average conditions, this can amount period of time before spreading.
to about 2 cm of depth in a year. 5. The new surfacing rnateial rnay be spread in one or
If lost material is not replaced on natural soil roads, the more layers and should be compacted, preferably with

sur ace elevation gradually becomes lower and lower until it a pneumatic roller. If the material is dry, water should be
may be below the adjacent ground level. When this happens, added with a water wagon to bring the material to near
deterioration accelerates because the roadway itself often optimum moisture content. Choice among number of
becomes a drainage rhannel. When imported aggr ate layers depends on the availability and weight of com-
surfaces decrease in thickness, there is a loss in the strength paction equipment.
and stability of the riding surface. Therefore, resurfacing op- The foregoing procedures reflect the most desirable prac-
erations for long continuous sections of unpaved roads need tices for maintenance resurfacing. When the equipment is not
to be scheduled every few years. The frequency depends on available, alternative practices might include (1) use of ac-
the rate of loss of rnaterials, which in turn depends on traffic ceptable roadside material, (2) use of carts and wheelbar-
volumes, characteristics of roadway surface materials, and rows for hauling, (3) spreading with hand tools and drags,
weather conditions. The period between resurfacings may be and (4) compaction by traffic.
as short as every year, possibly as long as 6 to P years or Certain actions may be taken to reduce the frequency of
more. Observation and experience will help establish proper resurfacing. Where relative humidity is high, use of dust
criteria for the various classes of roads for individual highway pallatives during the dry season can reduce the amount of
agencies materials lost as dust. Application of a light bituminous sur-

The thickness of resurfacing courses are seldom less than face treatment (sometimes called dust oil) can reduce both
aboLi 8 cm and may be 15 cni or more. Thus surfacing dust losses and losses from surface water erosion. The ques-
material requirements may be well over 1,000 cubic meters tion is whether the savings in resurfacing will be greater than
per kilometer of road. The length of major resurfacing projects the costs of the preventive actions. Economic savings may
may he as short as a few kilometers, or they may be 20 or 30 result on some of the more important higher traffic volume
kilometers long. roads, but is unlikely that these actions would be economi-

Because of the large volume ot materials normally involved, cally effective on many low-volume unpaved roads. Further-
resurfacing is very difficult, but not impossible to accomplish more, tightly sealing the surface prevents the evaporation of
solely with labor and hand tools. Some agencies establish moisture and may lead to severe potholing. Compendium 7,
mechanized crews that are equipped with dump trucks, Road Gravels (Transportation Research Board, 1979), pro-
loaders, nioto, graders, water wagons, and rollers. Many vides more detailed information about potholing.
agencies find it more practical to perform this work through
private contractors rather than to stall and equip their own DRAINAGE
crews. Uncontrolled water can be one of the most destructive

The following work methis arid procedures are set forth forces on rural roads. For this reason, designers of new roads
for agencies that are in a position to undertake resurfacing as
a mechanized operation.

1. The existing surface should be shaped so that the new
snirfacing can be laid to uniform thickness and still have At I

the appropriate crown. The crust of the existing surface
should be broken, with a scantier if needed, before the
mew material is spread.

2. The source of surfacing materials should be determined
ly laboratory testing, but should be as close as possible
to the work site. It may he a rock quarry that requires a
crushing plant, or a borrow pit of a ceptable natural
material In the case of a crushing or screening plant,
arrangements should be made for the proper blending
of varicus si'es of mateial as described in Cornpern-
ditum 2, Dranage and Geological Considerations in
l-lighway Location (Transportation Research Board,
1978). Elimination of large oversized material should be .
a part of the process. . -.. ,

3. One or more front-end loaders should be assigned to "
the material source site (crusher plant or borrow pit) to Figure 34. Spreader Box (reprinted by permission of John Wiley &
assure a balance of loading and hauling capacities. Sons, Inc.).
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carefully set the size and location of culverts and drainage
ditches to assure the controlled flow of surface water in ways
to avoid damage to the roadway or interruptions in the move-
rnent of traffic.

In urban areas, the drainage systems may include under-
ground storm sewers with inlets, catch basins, manholes, and
other appurtenances. Since this synthesis is concerned prin-
cipally with rural roads, the discussion is limited mainly to
cul,,erts and ditches. With lack of proper maintenance, the

'!owing prohhlinis may anse
The amount of water that can flow through a cross-drain
culvert will be reduced if the culvert becomes partially
clogged wth debris (Figure 35). Water may back up at
the culvert entrance and eventually overflow the road-
way. This overflow, with enough water volume, may M
wash out an entire section of roadway. Figure 36. Standing Water in Roadside Ditch (Honduras).

2 Roadside ditches are intendcd to carry intercepted
water along the road to discharges at cross-drain cul-vert r~ oulet chan els If the e diche be omeThe key to good drainage m aintenance is regularly
logge, wter wll channeks. up (Fige 36Oe aperiode o scheduled inspection and cleanout activities. Three types ofclogged, waiter will back up (Figure 36), Over a period of

time th: purided walei will saturate the roadbed, and inspection should be scheduled:de e oth stgnd will sata tyteroadb a 1. detailed inspection and cleanout of all culverts just priord e c re ase b o th stre ng th a nd stab iliy t h e i n n f e c e e s n3 Outlet ditcheos are intended to channel water away from to the beginning of each wet season:
3 Otledithe s rorw W ientene to channelrter ay v rom 2. casual observation of the operation of culverts andthe roadway When the flow is obstructed by vegetation their inlets anu outlets during the wet season to identify
arid deb, water wl back ;p and Sarrte the road- potential problem areas: and
way or poshly even overflow the Surface. 3. detailed inspection after the wet season to locate any

Developinr cowtries often have another special kind of damages so that repair work can be scheduled during
drainage problem Many of the roads were never really de- the dr season.
srgi red, they List grew frem Lsage and a rninmUm of de-yvigedmoe or ew fraoinsawere inad wua g rf det Accumulation of dirt and debris usually occurs at pipevolopMent Df ;JM~a Je fcat1 es were vistalled without a great inlets, and at a short distance inside the pipe from the inletdeal of technical qudance as to location, capacity, and size. end (Figure 37). Seldom does the outlet end of a culvert
Problenis thenefore ane tromain iradeguate initial installations become clogged unless the outlet flowline was constructed
rallher t~i ai lack of airrtenince. These situations can he too low, the gradient of the culvert is too steep or the outlet
corrected oiily thy upcrarig lhe drainage installations withd
h~etlernent work Ofleii Iris involves raising the elevation of dthisl eoe lgethe roadwiiy When culverts are large enough for a man to walk or crawlWor rilo ftrinside, cleaning can be accomplished with shovels, oroomsW/ork, n !(".?]I.J& for thefn , oCOrlnlnOn drai nage mrainrtenance

and other hand tools (Figure 38). For small diameter culverts,otlerit!1rs are descrihied in tfe following section. it may be necessary to extend the length of handles on tools
Cleaning and Repairing Culverts so that material can be reached and dragged out. The mate-

rial that is cleaned out is loaded in wheelbarrows for disposal.
The fom ciil,.,erts iricluies round metal or concrete Debris should be disposed at locations where it will not again

pipes, and rectlii1qijli ,Jli!ped wooden or concrete boxes. be washed to the culvert entrance. Dirt and granual material
Clearni(I of civerls is hiasically a nairital operation with Iand may be used to fill nearby eroded areas in slopes, but is
lool.; usually unsuitable for roadway patching.

' . .

Firjure 35 Cleonifvj Biocked Culvert (IndJonesia.) Figure 37. Cleaning Culvert Intl (Indonesia)l
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At the time of cleaning, inspection should be made for any
possible damages to the culvert itself. Repairs should be
scheduled as soon as possible. Typical damages tok for

1. broken or damaged end sections;
2. misalignment and possible broken pipe sections or

joints, caused by settlement or heaving (F.gure 39);
3. ,:orrosion of the invert (bottom) of metal or concrete

pipe; and
4. erosion of materials from the under the end sections,

endangering the pipe.
Most culvert repair work is clone manually with hand tools.

Broken joints can be repaired with cement grout or metal
clamps. Cement grout or asphalt cement can be used to pave
the invert of corroded pipe and thereby extend service life.

FijIrM 38 Clearning hInside of Concrete Culvert (Honduras) Broken sections of small diameter pipe can be replaced with
new oipe sections (Figure 40). Beacuse of the weight of large
diameter pipe, replacernent of damaged pipe sections is
difficull without some type (of equipment capable of lifting,
carrying, and lowering the pipe sections. Erosion around
culvert ends can be repaired with rock and hand-lamped
granular rnateri;l as described in a following section on ero-
sion control.

Cleaning of culvert inlet and outlet ditches should be per-
tormed along with culvert cleaning

Hand Cleaning of Ditches

Two types of drainage channels need r)eriodic cleaning
Narid shaping: (1) ditches constructed adjacent and parallel to

the roadway (Figure ,1 1) to intercept surface water and carry it
to locations where it may be discharged in nalural channels,
and (2) inlet and outlet ditches at culvert locations (Figure 42)

,' "" where water in natural channels is cared under the road.

Cleaning and shaping is needed because water low may
be slowed or blocked due to growth of vegetation, accumula-
lion of debris, rock and earth slides, and erosion of slopes.

/ All ditches should be cleaned at least once a year. The work
should be comoleted before the beginning of the wet season.

Fi;ire 39 Broken Culvert Section (Honduras). Some agencies clean and shape ditches with mechanical
eqUipMnen', but the work is particularly adaptable to manual
labor and hand tools in developing countries. The basic tools
needed are machetes or some type of blades for cutting
grass and weeds, together with picks, shovels, rakes, and
wheelbarrows. Typical ditch cleaning operations with hand
tools are shown in Figures 43 and 44

In telalvely level areas, the vegetation in ditches may be
reoe ritirely to keep it lrorrn growing back to fast. When
ritds de drlches are fairly steep, it is hetter to cut the vegeta-

lion an- preserve it to help prevent erosion. In this case it may
.. "be necosry 1o cut the vegetation several times a year.

The shape of roadside ditches is very important from the
,landpoin of both efficient drainage and ease of rnainte-
narice Commonly these ditches have been V-shaped with
rather steep side-slopes. When erosion occurs in a V-ditch
there is a tendency for rnamntenance crews to (eepen the
ditch and to sleepen the slopes This is an undesirable prac-
lice. The original elevation of the ditch flow line should be
raintained and Ihe ditch slopes kept as flat as possible.
Desirable dnlch slopes, as shown in Figure 45, make it easier
for maintenarnce crews to cut vegetation and cleatn the
ditches Deep side ditches with stecp slopes can be ex-

ii Wpiw U C Iurl .. of;hirui fijleIonlcc uOh (Hodutlis) Iremnely hazardous to motorisis, as well as ineffective for
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drainage. Figure 46 shows a side ditch with well-shaped " . .
slopes and grade alignment. "

Where considerable amounts of material musl be moved in . ' .. "
the process of cleaning and reshaping ditches, the work can A.. .. < :..... -
be eased with a simple animal-drawn scraper. This scraper, . "'
guided by a laborer, can cut to the desired depth and shape -
and carry it to a point where it can be deposited or loaded in "
trucks or wheelbarrows for disposal, -

Machine Cleaning of Ditches -

Dc eloping countries often will find the use of manual labur t- ." ,. ,
and hand tools to he the most appropriate approach tor .
cleaning and shaping of ditches. However, the work can be
accomplished efheclively with various types of equipment.

The motor grader is )rotably the most common piece of Figure 41. Typical Roadside Ditch (Sierra Leone).
eclIipnerent used for reshaping roadside ditches Flexibility is
provided hy adjusting Ihe angle and position of the blade to
conform with the desired slopes and depths of the ditches.
FiuUre 47 shows a typical ditcl, cleaning and shaping opera-
tion witi a motor grader

When the ditch is dry, the front and rear wheels on the right
side of the grader are set in the dilcl, and the blade is angled
vertically so that irateriai sp:lls off the ceNer of the blade,
leving a wiiirow between the rear wheels. In wet ground,
the rear wheelr , Id b)e oil firm grouIld with the grader
angled so thit thl I i vheels areo in the ditch, follcNed by the
toe of lie brtadf

It is importirt to keep the ditch flow line at the elevation of
ofricinal consirti Con The ditch bottoi should he checked to
mrake sirie Iere' are ro low spots where water will collect
(FIRiLire 48). By sir (l-.,tit ig and rotating the motor grader
tflide sore of the windrowed raterial call he deposited in
low spots ill IIhe (ditch orr the rettr asses uf the g rader

Ii l r)o e m aterial left ,i
the Winrow b I,,s should le loaded in wlmeelharow,, carts, or
Iri JCks, a(j lisposed of A sri al supplement or laborers wrtn
shovels and rlkes Canl he1 used for final fcnrShrid foadin

If ilabl eral, Or idalls ,re very effective for cleaning ard Figure '12. Typical Outlet Ditch for Culvert (Honduras).

s a-pi no rih'he,,. partictilI:;rly whetr large amounts of materials
cal be loted directly iln trucks Figlre 49) Froint 'rnd loaders

can te uisned for removing ,(0XC':s material, hit they are not
very effective for resapii (1 ditches.

Clea nirir of I. rcte ditches and chantels thal are dry usually
(,n he prormed hest with jlldozers, scrapers, or loaders
Mitd trucks Wle-n there is standiiig water, draglires or clarn-
sLells m-ay he regi ired. Where feasible lthe Irnaterial is depos-
tel as, , t 1o ilurj the clnannel. Otherwise, it is loaded and
hatiled alway. .

ROADSIDE MAINTENANCE
Within the roadway right-of-way se,.nral maintenance op- .

eralonn rormally ire required in addition to those that are
directly related to the road surface or to draimnage. These
operations include vegetation control, correction arid preven- Z'
hion of erosion, and in sorre instances, litter pickup.

Vegetation Control

Vegetation of concern to maintenance forces include
grass, weeds, brush, and trees (Figures 50 arid 51). Figure 43 Typical Lalbor-ltemnsive Dilcti-Cleantring Opeaion trGhmii)
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n..' I ,fj,.4n the more developed countries, maintenance of gra,,s is
w. r sometimes a very significant item. Offer, it is planted, watered,

,v encouraged and mowed frequently for esthetic purposes.
Mowing operations are highly mechanized. For Iow-volhime

S roads in developing countries, mowing will normally be per-
formed with hand tools such as simple mowers, scylthes, and
machetes.

In Iropical climatesl, rrrhway agencies often Irave prob-
lous with forms of vegel,iron that grow very fast. These are
principaflly rigit-of-way encroachmen by vegetation that in-

. -. ., terferes with normal drarrage, obscures signs, reduce.s
* ' iolorists' sight distance, and even interferes with venicle

. operration.
. 4L',. , The freqgl,ncy of schtiJrlng brush cutling and tree trim-

.. - "-*'"-" rriij depends mainly on tlhe rate of growtl Most agencies
Fi(jure 44 Typic,I I thor-Intow;mu Drich-Cle rri Operation plan the work for at least once a year, soimliies more fre-

(Ghr,mil) quently Mainltenace supervisors should in.;iec the road
system periodically to identify locations whore veelgation
growth is crealr rl pro leni Thy ;hould follow sl;itl ished
polices thallt i(nify tI Nidtlhs for each si( of the ioldway to
be cleared.

Brush CuIinj and tree triining, ire ahrIost entirely hand
operations witti axe., ITIaClr.etes. aid lrarld siws. In some
cases it fimy he ecorOirICra to egli i) specilal crews; wilh
tlAllrl(hol Cek lJiniw; Where coriditiorn, permt, the cut nate-K .... at. , l i!,, pde( a tii iriled aioricj the ro;itsnl"de Where this ; inot
prcrcaL tru(cks or c rts ,ire used I i h;il tire rnalerral to
'aitaiihle hirrrrnli ;ites

Erosion Control

E ii o. ,Orit cooulro involves lolh repair of eroded tor W;ions as
11well as, tClion; to prevent future orosicn. Previous sections

.I, "used tlhre refair of roar way .sujrface erosier wilh patchi-
rrr.j, the repair of roadtside dilch erosion willh dtch cleaning
"ani restrapin(j. tnd repir of eros-ioni at culvert erds

Arnolher locatio where erosioni corlnmonly occiur, is.; oil
ah 1 I),,.rrli [Dmci .rcrOs (Chririai) roaidwa'/ fill arid c(t slope. Once (ro;orn sirts it these

locatlions, t1 Dr{i( ;illy Ifecoon s iione , e i itil it 1; co-
reled lRepiir; corni s; of fiartr placing aind hanipin q some
typo of (D1 iiitar irtleriat ini tHe erode d clranires Bit this will
he oil,' ii terporary soltion uil ;s the corfirclion.; tatl
car ier Ilie (;ron;ion are corrected

Iii lhi ocue of erodoer cit ,;Io)es;. o)e (of tto he.;l correcive
,tlliori, J. tO iO11.Irtjct a i sinal intercetiorI ltch sJ hglhI l , hove

.,,..~ ~ ol topl of Ho ',lJope A <.;nulill V ditch wilh [)gril of 1h 11If own~hill

flr vie rk!, vell Sirlice irunof in tor ,ceile iirl i cirrle
I irlllil toro I oti eli if Uri (it 1i) ; ln () thf e roitd ;i (11 ) foil
iIli r tri rif ii :i ,cri('l liiji; dtv( irtir q 1i:r'. w ir roir tt(he

r _11111,; ..w ,io rc ;(l to,,;i ,n ,"1 prohleml

;'ririnr iriiiali (:iri hei inerto p( reverit uroriri of
i(it~'i it r,11 l() ; A -1i.ill twrm o)r dykf! i, runt ;ilirrr tie

,loti(hirr tlo (l 'ir t ti ,lr;(f riur fri ol l ii a )(w il whl( it ,;(in ti)(,

iiOiir( (t ' ,ll i o;vr ir , jtl ; I l hi(r i l;( ? (r1; i : or lll ti

I'i;r t ire lirid i Aith iuuk or fiurit t(hItir ' 53? ;ir( .ri +)

-jrr;i- ;;mr;(r,; il,;c'hv ly ri rut r rrnnrrr r i io cit itd fll!
'-[()l h li ii ltvri(iri"!rrr ,I v'i2t oii C over (iV r en II tho ;I The
v.,(ihmtii n ,; t al, t sorTi( I,' '. of ritliveujri ertvinllrit try
' edi_;(triiJ or .;i(itrr fiurfihC(! rtinof vutR P, ;illow(Dt tn r
iowl i Ol e th Js -; . a t I)u rtr v (l0,htitOni ;11r 1 I1t( (n.httfr;liI reel

F 1ilt!, It Eirip i! of G S s . ild triq trerit ( hirrtla) .y7terIl prevent p roril rnlml r ( ge
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Repeated erosion of ditches indicates that s>ome p revebe some preven-
tive action! should betaken, One approach is to line the ,3

3
f

bottom of the ditch with Stone, or preferably stone and mortar ~ '
grout, Anoth er way- of preventing, d itch erosion on steep A
grades (over 3percent) is to construct aseries of small check k

dams in the bottom of the ditch, These may be made of logs,
timber or scrap sheet metal, with rock riprap 'on the
downstream side to prevent erosion as the water goes over .
thebarier (Figure 54); Thepurposeis to slowthe speedof the
W ter and allow it to go down the ditch in a series of small 

_ _,_

The inlet and outlet ends of culverts seem to be particularly
susceptible to erosion. Concrete wingwalls and aprons ora an
rock riprap are the common protections. Outlet ends usually Figure 47, Machine Shaping of Ditches With Motor Grader
give the most trouble. Water leaving the culvert may erode a I' Ghana). -
hole in the ditch, and even undermine the culvert itself, Some
type of concrete or riprap apron (Figure 55) is particularly
important here.

Roadway fills adjacent to streams often are subject to ero-
sion- sometimes so serous that the ent re roadway may be
washed away. The simplest correction, and prevention, s
dumped stone riprap, Rock in wire baskets (called gabions)
or sacked concrete riprap may be used if large natural sones
are not available. sones

Many of these erosion control measures can be ac-
complished readily with labor and hand tools. However,
trucks will be needed if there is a considerable haul distance
for stone or other material.

To prevent further deterioration erosion control work should "
be scheduled as soon as possible alter problem areas ar e_
found. Some emergency repairs probably will be needed
.idring the wet season. Most erosion problems will be discov-. . .. "
ered during inspection of culverts following the wet season.
Preventive actions should be planned and scheduled for T
completion before the next wrlt season.

Litter Pickup Litt•r": iFigUreA8.. Ch- ngFoSieiro lpoi~(Oomnlnican .-: ,
aLillerang the roadsides normally will not be a major "ur. cing Flow Line fr LowSi~~i".i-Republic). , . .

" problem on rural roads in developing countries. However, it Republic):
- may be a desirable policy to schedule periodic cleanup of "
discarded trash and waste material that often accumulates r3

along roadsides adjacent to cities and lowns.'Some agencies
set aside an annual cleanup week. In densely popula(ed .
areas, more frequent pickup may be needed,
.Members of the cleanup crew are provided with large

bags. They walk down each side of the road picking up trash
and litter and placing it in the bags. As needed, the bags are ' 

-I
clumped in a truck or animal-drawn cart which accompanies
the crew.

In addition to these formally scheduled cleanups, all
maintenance personnel should constantly watch for and pick
up any large object or dead animal on the roadway surface or
shoulders. Such iterns are hazardous to the traveling public.

BRIDGE MAINTENANCE

Bridge maintenance operations usually require some spec-
al knowledge, skills and equipmentl For this reason, many

agencies establish one or more specialized biidge crews for
nationwiddo or district wide operation, These crews are under i3
the overall direction and supervision of an experienced
bridge engineer and are responsible for all ajor repairs. Figure49 CleanigDitches byGradall3
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tAchnical ork can binitiated and pefo d solely byth

how they should be schedule and..............ly i
,. :genera aterms since almost al bridge maintenance requires Figur 52.. , 1, Ripr-!p w Cha ne (In one ia)

enginerin attnton ............ tions( .2) identify routine manenance operaton that should
:,i ~ ~ ~ ~ ~ ~ ~ ~ b p."l: .... ::'...... ...1erformed by local crews, and (3) identify any unusualBridge inspectioR;n ,- :

::, ' :conditons that should b5e called to the attention5 ofi bridge

cli dmension ,, consstruction plans, and the dates and descr 'i i: available to the super .vsor, For each iterm to be checked,
to sof any major maintenance and repairs that are per-: ; space can be provided for checks under 'appropriate col: :.':i:'
for,-med.: : . :..: :: ,; umns such as "Satisfactory Condition," "Needs Repair," or

. :Bridge engineers at the headquarters level should be re-  ",Needs Engineering Study.': Space also 66hould be left for

i-; :!ing :periodic] fel dinspections of all bridges to evaluate their: shiown in Figure 56.::::

t: he historical records is tlo assist the engineers in making egneigsud.Cpe fth hclssshudb eti
these eva luations . ::the local office to guidethe scheduling of brdge mntenanec

l,When there are large numbers of briidges ing a systemit iis work,: :
dfiuttcodcanengineerng inspectionand evaluatio-n:
of.all bridges each year, or even over a period of several Sinn .... ... .... Ap .... ....a.......
years, For [his reason, maintenance supervisors in the local : ':The following work usually can be performed by local crews :, ',

,; : : a re a s s lh o Jd b e re s p o n s ib le fo r a n a n n u a l in s p e c tio n o f a ll :i , w ith h a n d to l o s : , i "; .: . . , .: : . / .! z ., i ' , ,
brcle n their areas to (1) observe and record current condi- 1, install new sig ns where needed -signs sucasnro

5,i

4'4

S Figure 50:Bu Cutting oadieasand Brusre in. Indonesia ow hanlHodra)
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_1 (Ie t~Indilate in mnole. ~
A/A'dIE ',dltlll/ust what msslnstenance ; ;
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Fiur PI : . .I U The tlei pile of i,.'Dii'h JCh'eck, u lt ier ) I0brken

- : . , s... .. .......el
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Sipfli t chnPies)t dd W
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ht iwit tld 0.t

con.l.t . o';... .

(7 1. l~'

F5106

Figure 55, Culvert Outlet Apron (Honduras). Figue 56. Illustrative Bridge Preventive Maintenance Checklst.

bridge, bridge speed limit, reduce speed ahead, load This may be difficult if the water is deep. Because of the
limits, vertical cleara'n ce, deiineators leading to narrow seriousness of the condition, a bridge engineer s'ould be
bridge, or any other necessary signs; . consulted to plan and direct the work.

2. clean and repair existing signs so that posts are straight
and messages are legible; Substructures ,-:

3. remove brush, grass, weeds, and tree limbs that ~I 4"
L, _cure signs: and N early all maintenance and repair operations' on big

t 4. /epair and paint guardrails at bridge ends. .Substructures require special knowledge, tools, and equip-
Vc istance should be obtained from bridge engineers with ment The .iork should be planned byengineers and per-: ' :i's~c* t U S a d .....- '' : '  ;  '  ... : :: formed by peuial crews or b:y con1tractors. i :.respect to uniform and consistent wording of sion messages fm by ,: ecia ... w.... b .. .... ctors. '1 ..
and locations of signs. "' 'Typical problems to observe and correct are as follows:

1. Spalling and deterioration of concrete; particularly at the
water line, occurs on both concrete piers and piles, and

Watei:vays can be corrected by building a form around the dam-
,,,, aged area and 'pouring a properly reinforced and an-,

Local crews should remove debris (trees, logs, and brush) chored concrete collar.'
lodged in the channel or against the piers. Debris should be 2. Cra.cks in concrete ab tmer.ts and -piers can be
removed from the river bank and burned so it will not be patched with mortar, but this may be a temporary mea-~~~~icked! up by the next high iwsizatenricie: !:Eroded areas on banksgand abutmens sure Cacks that continue to' grow in size indicate a

S.weakness, andprobably will eventually require recon-and reinforced with stone riprap, . .struction. . ."
Any major cleaning or changing. of the channel under 3. Dmgdplscnb u f eo h on fdm

bridges usually requires large special equipment and should aeagnd iesecainsbc of e leo the point o damew ,.be erored y peia crwsunerdirctonofan en- piles may be driven adjacent to the broken pile.
gineer. Improper deepending or changing of the channel 4. Damaged steel pilings c .n beepaired by cutting Outmight worsen conditions of scour and erosion, -the damaged section and welding in a new sectiop..

Severe scouring around piers can lead to settling and .5. Damaged or broken tmber pile caps can be spliced,:
Structural failure. Heavy riprap should be plared around the :' and broken sway bracos on timber piles c'an be re-
piers to correct the condition and prevent future scouring. placed

37i14 
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!7 Local area maintenance 'supervisors should watch for
signs of these problems and should call for engineering assis-'
tance in making the repairs.

Su4irstructures 'L

T1 i superstructures of truss bridges can sometimes, be
repaired by replacingedamaged members or by strengthen
ingveakened members with w'~elded steel i-Thsld

77 : :::Damaged timber beams nmay be repiredh ta-hlts -"s

placed around the beam arFid up through thedeck, or new
beams may be fastened alongside the damaged beam.

Steel beams are seldom replaced. Repairs usplly can be :m

oade by welding plates to damage areas. Spalted or brokenareas on concrete beams should be cleaned,snd patched me)

Figure rail Dec Reejid U e.va (Sierra...........

with carefully designed and proportioned mrn tar or shotcrete. Fiue5,DcRparUn

Decks br cde p ei e Cleaning and Paitibenntgt

Because little speuial tehia nweg n xeine Concrete an ibrstructures norrmally arenopate
is Peeded in many cases, maintenance and repair work on except for the painting of curbs,f ailings, and railposts.
bridge decks can be performed by local are 'a crews. Some, Steel structures are painted primarily to protect tne metal
special tools and materials must be av2ailable io the lcrews. If against corrosion. Some safety benefits are derived through
not, the work should. be scheduled for specially equipped improved visibility when light colored paints are used. The -

bridge crews. ~,freq~uency of needed painting depernds on the type of struc-
Timber decks'are easily repaired by replacing broken, ture, climatic conditions, and the quality of the paint,,.

worn, or decayed planks (Figures 57, 58 and 59). Spalled 'Careful cleaning of the structuire is an essential first step,
areas in concrete decks may be repaired by cutting out all Dirt, rust, scale, challf. paint pigment, and other foreign mate-'

'K -. damaged mraierial, cleaning exposed reinforcing steel and rials must be removed. Ahigh pressure water or compressed
culit ho e a t cnrt.Riforcing steel should not be air jet is helpful, followed by cleaning with hand scrapers and.

Cu rdmaged. ,chippers or with sandbiasting equipment. Primer paint should , .

~Broken or decayed timber curbs should be replaced. De- be used on bare metal spots. Paint may be applied either by
leriorated concrete curbs can be repaired by removing un- brush or spray., '

sound material, treating with cement grout slurry, and re- Because of the special equipment used, cleaning and
placement of concrete. :'painting should be performed by'a special bridge mainte-

Timber railings should be of sound material, firmly fas., nance crew.
tened, Figure 60 shows a bridge rail fin need of repair. Repairs
may require new posts and railing planks. Missing bolts and TRAFFIC SERVICE MAINTENANCE
nuts Should be replaced. Uitreated timber posts and rails
should be painted. Traffic service maintenance generally is considered to in-

Concrete railings are repaired in the same manner as the dlude items related to signs, traffic' signals, pavement mark-
/ deck anid Curbs. Steel railings should be kept 'painted to ings, and street lights, i.e., the roadway items that exist prin-

protect against corrosion., cipally for the safety and convenience of motorists. The follow-

0. . 1K I

r )l
Fgr57Deterioraed Timber Bridge Deck (Sierra Leone), Figure 59. Complthig Deck Repair (Sierra Leone).
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the message is no longer clearly legible. These sign faces
shouia be repainted or replaced.

Signs and sign post° may oe damaged as a result of
accidents, and wood signs and posts are susceptible to
rotting. Maintenance supervisors should watch for these
conditions and should repair or replace the signs as soon as
possible.

If conditions change, signs may be needed where none
currently exist. For example, a new intersection may be con-
structed and stop signs may be needed: or accidents may
show a hazardous location where special warning signs
should be installed. Headquarters or district-level traffic en-
gineers normally should authorize these installations by spec-
ial sign crews or local area maintenance forces.

Traffic Safety in Work Areas

One other important traffic service operation is to assure
the safety of both motorists and maintenance crews during
work operations on the road. Traffic is a hazard to the mainte-
nance crew, and road repairs and maintenance equipment

, . " •can be hazardous for motorists The danger increases with
higher traffic volumes and traffic speeds.

Figure 60 Bridge Rail in Need of Repair The first step in every maintenance performance standard
should be a provision for selling out appropriate traffic safety
devices such as

ing discussion is limited to maintenance and repair of signs 1. advance warning signs that are placed about 400
since that appears to be the only traffic service function that is meters ahead of the work area with messages such as
associated with rural unpaved roads "Reduce Speed .... Road Repairs Ahead;"

There are several categories of signs. 2. follow up warning signs placed about 100 meters ahead
1. warning s/guis for curves, narrow bridge, do not pass, of the work site:

railroad crossing, etc . 3. barricades to separate the crew and equipment from
2. regulatory signs for speed limits, load limits, stop, and traffic or to divert riTolorists away from excavated areas:

yield, afrid and
3 Iformation s/gns for directions arid distances. 4. flagmen to direct and control traffic each side of the
It is important that these signs be properly placed and work site.

rnainlairred in good condition. Sometimes the signing is de- Signs must be located where they are readily seen by
signed and placed as a part of road construction contracts, drivers, i.e., about 1.5 nieters above the roadway and at least
Sometimes the signs are purchased or manufaclured by the 0.5 meter outside of ine roadway shoulder. They should be
highway agency an( installed I.y maintenance forces. In any located just ahead of, not just beyond, a blind curve or crest of
caise, a thighwiy agency needs to have a reaJdily available a hill. For moving operations, the signs should be moved
source of posts ;nd sign faces for repair aind replacement of occasionally as the crew moves along the road. When work is
darniraged signs, either from their own sign shop or from a not completed r ring the ctay, warning lights should be pro-
commercial siupplier vided at night to protect motorists from excavations or piles of

Overaill policies for s.tandard signs and their placement material
should te e';tablishned at the headquarters level to assure Warning signs should always be removed when they are
ratio ivide corisiFstency International standards have been not needed. When motorists frequently see warning signs
developed 1o gueJdo indiv;ual agencies. R' rerence should with no work underway, there is a gradual tendency to ignore
be niade to lhose standairds to inSure uniformity, the signs in the future.

Sign Maintenance Operations REHABILITATION AND BETTERMENT

Connitioris Iit bring about lie neect for sign maintenance As mentioned n Chapter II, rehabilitation and betterment
are described below, together with a discussion of the work to works are not generally considered to be maintenance opera.
be performed lions. They might better be identified as minor construction.

Signs (to little good ,nlet; they can readily be seen by But quite often the work is performer] by regilar maintenance
motorists Growth of tree linitis, brush, ,-rict weeds sometimes crews and financed with maintenance funios. Normally, the
blocks the view of sins. Visit iity should be checked periodi- planning, scheduling, and financing of tils work dne neces-
cally, and any vegeta ion in the way of signs should be sary parts of the total maintenance prog,an.
trinne.Purpose

Signs often got dirty from rlust, ,an mud A regular program P
should be established lor periodcally washing the signs with When maintenance has been neglected for a considerable
water. After a time the paint may scale off or deteriorate so that period of time, road sections may deteriorate so extensively
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that normal maintenance operations cannot adequatelyim- Types of Improvements
prove the level of service Rehabilitation is for the purpose of' "

retrn hs etosto their original cnionas 'con- , Some, of the types oimrilensthat should be con- ,,,

structed, and "usuially includes work on all elements 'of the sidered to supplement ~the reg~ular rnfiintenance program.,
are as follows

Nroadway inciuding surfacingarainage, ditches, and siopes;a olw
Betterment work s for improving some or all elents of a have tr ffic volumes to justify two lane traffic for safety'

rod etin ostnards higher than the original copstruc- and convenience. Earthwork is required for widening"tion. h work might extend throughout long sections of road the roadbed and constructing, new roadside ditches.
o6r be limited to isolated spot locatioris. Betterments often are Drai~iage culverts must be lengthened, New surfacing 't.

~needed~ on roads where traffic volul~pos -have increased sig- ______maerial must be placed on the, widened shoulders.
.7-nlf ic cntly~slnce'hera Idwa constructed-Ior where the, orgV heetie oa*

nal design was inadequate. Betterments are a form'ot stage width as a part of this oprtin
construction 'and are discussed more fully irn.Synthesis 2, 2.GaeelainsRdwyurcefetnshod. : ,' - ^ .... ..... ..... ,.; , .:-2 .'.. . Grade elevations. o d ay"ufc ele i n should -

Stage Construction, to.be published in 1979 bythe Transpor- generally be at least one-half meter abov the adjacent A

t!ionResearch: Board. -:. terrain in order to, assure: adequate.drainage and a
Planing " stable subgrade- The roadbed should be elevated on

Planingthose sections that .were constructed'too low or. tha t
have gradually eroded below the natural groundeleva- NRehabilitation and betterment works should be identified as to.Teokivvsiprigmtrasd ieig

individual special projects. Potential projects are listed during tion. nework nvolves importing materials or widening
(e annual inventory and evaluation of the road system. the roadside ditches to obtain material for raising the

Priorities are established based on the estimated costs and roadbed.
benefits of specific improvements,: 3, Curve flattening. Some road. sections with generally

After projects have been selected for an annual work pro- acceptable alignment, may'."have several very sharp.
gram, decisions must be made on which projects can be . curves which are hazardors and which slow the traffic
performed by maintenance forces and which projects should . movement. Improvements can be made by reconstruct-
be let to contractors. In either case, some simple plans are ing these short segments with a flatter degree of curva-
prepared to show clearly the limits of the projects, typical ture.
roadway cross section, surfacing materials, drainage fea- 4. Sight distances, Unsafe sight distances often occur at
lures, and any changes in vertical grade elevations and hori " ihe crest of very sharp vertical curves Safety impro -e
zontal alignment. Quantities of work items and materials ments can be made by lowering the elevation at th..o'
should be estimated and cost estimates prepared in the same crest and using the excavated material to raise roadway'
manner as for a construction project, ' embankments on either side of the crest.

When rehabilitation and maintenance work is to be a con- 5. Drainage. Severe draing rbesmaleatiue
lnuing regular part of the annual work programs, agencies _age roblems may b r ibuted<

' .should establish one or more special crews that are staffed to lack of 'culverts at essential locations or existing cul-"
and equipped for these more extensive operations. Because ' verts that are too small. Improvement, projects should. '

Me wor reenscntuto or' hnmitnne h include raising the roadbed level, installing new cul-
ie work resembles construction more than maintenanced the verts, and' replacing inadequate culverts along with

desd sssuch as trucks, front-ed construction of the necessary inlet and outlet ditches.
loaders; motor graders, bulldozers, heavy rollers, and even
large scrapers if there is a considerable amount of earth obe . 6. Surface improvements. Existing earth surfaces might
moved. - be improved with a carefully graded and stabilized
- Ilf private.ontractors are available, an agency may find it crushed gravel surface. Exilsting gravel surfaces may

.. . more economical to perform improvement work by contract be upgraded with a bituminous surface treatment where
rather than with its own work force and equipment, Owning, traffic volumes have increased significantly.
operating, and maintaining large units of specialized equip-' ' 7. Bridge widening. Narrow bridges present a serious
. enlbecomes quite expensive If the utli'ition rate is 'not hazard, particularly one-lane bridges connecting with
consistently high throughout the entire yew,. , two-lane road sections of principal highways with con-'

Some small! improvement projects s, ch as new or up- siderable iraffic' vol e. Widening of these structures
graded pipe culverts and drainage' 6 itches can beac- can be an important part of the improvement program.
cmplished effectively Wth labor 'and ,hand tools, It is ex- T The types of rehabilitation and betterment works discussed
tremely difficult to undertake projects involving large quan- are not maintenarce, Neither can they be considered totally
tites of roadway earthwork and surfacing materials without ' new construction projects. However, these operations pro- '
some degree of equipment utilization. ' " . vide a realistic and economical approach to improvement of

1, Roadway widening.,Some road sections, originally service levels beyond the capabilities of norial mainte-
constructed or developed as one-lane roads, may now nance.
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Synthesis 2: Stage Construction. $6.00
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