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Project Description
 

The development of a(riltiLIre. the distribuction of food. le 

provision of heatfh sc;vlces. <irili the aiccess to infornlron 

throlgh educational services llidothor for1ms of clrnliniiiCa-

11or1ili rurtl r(tiorls of deveopir(I cotilltrie' 1ll iei.'iIy (to-

)or(ton ItIl)port faicilities Atllhotijh ril amd w itei f icilities 
roty pli irnpoltnt roles ill 1(ar a drnrir;iril sli(tcorlin t<;, 

uiiver'ail riced is for road ;ysteri lhi provieto ,i ,sifre 

i(d yut relttivoiy iriewpoiisve miricrs for the rimovenilit Of 

people id rJooits [he hlk of thi, riced is for low-voILticl 

roids tit lte eOr,illycariy Dnly 5 to t0 vcN;cleI a dyliid ttil 

ucidorr cirry isirry aS 400 vehicles a diy 
Tire pianig., (tesigrn. conistructio. liiaritenmirceaud of 

ow_-v)itirlli rods for rural reoiiOs of iteveloping cointies 
crn he (rOetly eoi~rrhrccrd with respect to econoircs (dtiiilty, 

rdi;trforrrinc by tire rise of low-volurie road technology 
liitir, atviiile inimry parts of the world 
IliOclohir 1977 the Trfrispoltior Research Boaird (TRB) 

I1(,,q lmIfhu 3-year specilt project under the s Oforirslip of 

Ithe d S A(je,icy for Ittrialtion Developrnt (AD) to en-

i e rural r,irrup;o!latiori in developitn( cOuntries t)y provid-

ii(j riiroved 'icc(ss to e;,stlllingirformrltion on the planning, 

tirsiin)cor(tniiction, arid iIiirtedilaiTc of low-voflime roads. 


ridt(jtii i )rolect steerifq corimmittee,
Wiltn idvice itrice fron 
totrre.. proirces trriwmrits 

to t o corirt)( .. iriforroaticorionctS 
t "r~il corresporo dents rn eloping countries.ovoa-lnetwork rilf deJO 

Btroil uoils for tlre lliriite rrrict of the prolect work are to 

rorote effective tue of e istinIg if(iormilioli in the econo mflic 

itevelopmirrt of transpotato ifrastrutuIre arndt thereby to 


rurl dtevelopient firo glhout the
enhiirice olher aspeclts of 

world 
li i(tdilon to tihe packicj- i l of technicalmidiStrtUtlon 


iriorinrltiori, personat interaictions with users are provided 

through field visis, conferences in the United States a rd 


arhrott d ,ther formis of corinunicltion 


STEERING COMMITTEE 

The Sleerin(; Cornrilutee iscorriposedt of experts who have 


k'~ovletue of the physicil and social chIaracteristics of dte-


v.Olotli countrie., knowled(je of li nleeds of developirng
i
 

coulrie,, for trainsporlaion, knowledge of existing transporta-

tri ltecmtOiiOgy, int e;,perience innits use. 

Maijor fuinctions of hf1eSteering Committee are to .;sist in 

tWe defiitionl of JSers nildtheir nedis, the definition of infor
ritrifCh iderrtificaliolliitalOl f)rOdtlJS tht LS1' iOedis. aid the 

crnt of theOf In foritf'il 1nd [rTilrar' rtsourCes for devoI rrlo 

iriorirfitciori fro(Eict< Throulh ts.liri i nip thheo rnirrittO. 
provides liaiOn with projlect-relited atCivIlle 1it provides 

gutiidnCe for IriterACtioiis wirh Li,er , ri (g!iiil ,fi -Aeterliij 

Coiimittee (lives overview idtvice arid (tiectiuoir l v 

peots of fhe project work 
sltff hi,respoi isility for the preparalion ;id 

fallirlritti of information products tire developrlcnt of ai 

corresponderece rilcvtOrr tlrOrOut(JhotiLr the,:r corniilinlri, 

lIl(t ritertioi ilh On 
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INFORMATION PRODUCTS 

The two rriaiir roitt )ftin proCt are corriperirtiS of 
)evioily pithisrci I f irirtiurn ilrelatively irrow topics 

on 
tro trfe silject Cor poeid)iii! are prepired by projec! 
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rtte of 2 per lii addition, 

Id synthrc;cs of krr)wl(j iridi practiceI<orriowhat 

to poptre sytheses at tire yeitr 


proeeduins of itlet. 2 itr~rltionail conferences on 
tow

volume roid; are preirei t di liiiitt(t to lhe protect

correspondents Ilrirllirlri my. thins project tiriv to pro(tice 

p 


and disfiitlit hetweei 20 sri t 30 adicafioitis tinaf cover 

riLmch of wht is kiiown it l low-volitiie ro aidechnology. 

News aboti the work is,piilshied iiti) bironthlyi)rolect 

e rtfrs O these irtices areTra sl,;porttion et'rth New,, 

distrited to the i)tOjdCt corropo-idents 

INTERACTIONS WITH USERS 
A numl.ir of mect iiiiin, iro ieit to irov ae iteractions 
oetweeri teho project ntion; of the iiformition producis. 

Review forir are ir(minuittei( with c~ich plulblicalioII so thi 

recipeifits live ii OV1jirItiriity to ;;iy lhwtire products atre 

belmeficia ilimt iy he improvedt llrotlJfil v1ils tohtflow l b,iY 
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stiggenstion; for te proljct work Ar Iiliormil oitnortiritii(s for 

irtrictioni wil) tr;o Ih oitoI iiiioiiil coifer((lices,siris(; li 

in which there is inoiecl ),i)ticiliimint tinotilui iiformi il 

rrieeliillq.n Wrti U S tdri(.tsl ,tio ite from (itevelop nqicoill

tries ii(who illend tie orrioal 1fB reetinig 
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CHAPTER 1 

Introduction 

TRANSPORTATION AND RURAL DEVELOPMENT POTENTIAL FOR USE OF LABOR IN ROAD 

the rI''Oh era Of r~rald ur~iorIr i errrllovritemerged as CONSTRUCTION AND MAINTENANCEra 

ro O ie ot irm)rtart i enillleigirg ito face (evelopirlg Years ago, tfofore the <ivert nJ(ern civil engineeri
li of 

cc nitric; ila, Lveni contrlies with (Iod rate of nationll e(tiirIerIt, riii(a AIie(tr l ih(lic works were tuilt hy labor
;rativl.hIirirc h:rjh rtes of unemployment a id under- ers who ihI soir l teal c! <i, luver lhnnlogicailriiiiI 
tuiolyerit ll i, I nrowinrc !ap hre]wei the rate of tdevelopirerit mlt rising rlit levels; iver ltle led to h1
rie},,, tnilte-;a tire Irfer forcearidt lhe cctyfy Otlhe eCOnlOmy creased uieclh;ialr'Itioiat iolnItjrutior) techrills ,11ii lil
to i ttie ni M roreo\r ir? imemploye( ar( tiderern- dnstrialize(i coitwirtes Coniciirr i)itly prijet desrii. dir(losiuir 
llo,,sf .ire) fiiceidt ,iccet very l(w levels of Irncore. firs standards. arid niriterril.; hlIv(' !uow [lj loit) hielter irlll 

r.i-;lull; ii r i ifisaruty hetWon tho highest alld tihe equiprie l-hasIsri, tichrcttiii; l lininiirld Ith ' ifycruiicurir klh 
i'uInv i w(rii t f u it I itt, in tIit, of f si s t nc i anid service of lhe fifi h:lprilm:t TlII , il- oricc c;iptl 

nrrrji lilvIiii .,irlnl of littor whi h if ciirrtily available egiprrirerit-tfrsed clhiriinl(?i . ;111i1 if "I( l ; f
, nItti ir en 

Clr)Ib, t ct, Io) C}rtnl'. C0irln, o fiJlly tilizri without all trarnsferredf to tre iluv( l riii; n;i(ltri't ;(Ir t 

ircrilf I II Pt tt )Iy (i cai)0rir Althotigi .;tih -lithihrli ifnh liii rilem riiiy 1wlof (ie pit ell ilic l 

. the li nti it fir r ex;ri olhilu for 
l tro, i(P; i s. nest Imrrrri iwI Ituv(r. it 

Iit VI,.' l ill . ''llthV ittii ncntut r :rlnf the shorta gle ii f-sfm rr rirnl 

if (" lpitl Il i I tfiii it hl fIIl',I lslj-este(lthatq%% lahior i I lower strii rrlo1.'eloprgcotirI 

';iit tltlntnf fur "nd1l lilirng to consider lhtt)or hl1(?rir iirthiiuf iiI lio 1iflyCenit rl!iII l)id li r 11r11it IsiripuOrtlarilIii)ir hi 
rhll ,.ini( I ( stI(tI%tIirflI(i is t tr :;te Ii~rrliri )f e l . mIdi1i( tlsotthan 51iIIgar5 project ir; )larso iln1it(tri , ( (rin iriii a of t 

1 ire] corrrlm atliht Wlh lihe itn 11inlo(s ly cIII Iew IIsei( iIli the 
()iltII I nmliI r %I) i e ;)i ifI I III 


desigr For eXO i-l)lo.,loffesrit.i n cit fur rii i'; Iriflrlleirc(
 
Simie 85 tirterit of Ili(t woirlI - ioor is estirIate(I to ble by the retlhoi of co)r;tir i ,ctiijlt ir Illiii cnInitrre ;
 

ivi- I ni iril iroers(11) Phrorrifh v ruOh of where lrihor-hal si, tectirrir(llus in' i ifj i,; to io only flre
rural (Jul iopn erit. 
te ,ifteritq of tilts large Inrlriher of rural powimiy t)c al- outline (esl-bi eoeo cowtrriction h ls> (eivirrll fillil d
itcv,ile Some 70 perciit of p)(lljlrc iivostiit o Ex idCitUro$ sign dolails to ire te CIIIi)eer 
Ili ile (fevelOliri~j worldt is-typicailly ;iirecte( toward civil wolks Labor-)ased inchiionlny for orstlri it rli , rirenirailce 
(2). rural roatis, waler supplies irrigation works, mnarkels, and of low-volune road arc Ioler.nirlly riost favorab1)le II the 
storage facilities tyl)ify tr )Ubic worlk neefed for an I1i- following sittiolimi 
prOVe(f quhaliy of fife In contras to major civil englineering * Low-voltrrirroaids, tioin olher riral rirblc works, are 
irrdertakings, such as large dams or bridges, ra'ral dovelo)- noetel Io 1,,. if]l it rveluilr i tI. If t projects are 
merit projects are often characterized as small iii scale, dis- largely ciirrateri/ent as sirilt ill cfle, log(raphically 
porsed amonig 'nary sites, and hliig relatively elementary dispersef. ilifI de ic illy lrinrilr)li(iIlei f 
technical reulireiS Transportotion, particularly roads, & lhere lire r rny poor preople, most (rfwhormi are undier
has been perceived as 'an es;pecially inportan coiponent of emloiyedf r ilrt;rly ir/ierilliny(rnfo 
rural deelopmen if)terms of Stlrrulating local dvcloprellt e A rimichariisrni Is i f;rsureuf ifdiinuril lirlc eto (Irli 
i1i agriculture and inldustry.. narketurg agrictilhtinral corn- for Ifis, poor lui.opl( m improvririve hu. equity of iiconre 
mroctes arml expanding trade, providing acces.Io social (fistrifitrn 

services, rid g(enerailly serving to ite(gr;te the rural tbOfilI- * CaIGpil rese rve iili lIc l crilrlcy irluf xforeignl 
lion Ito the overall economry Trends in traismor iv.(slrilei t chainle. lire r stiffuclior it to hr iy rnf operaelo lh irracines, 
ir recenlt yeajrs have been increasir(Ily awaty from ihe prniary rueedcuf to cuurusruict iut iinitairi thr rtral ii
road network an( toward greater erriifiatisol i rural feedi pmoveieril! i thel urirturey 
ann(lperietralion roadfs * Persomiel wih tir iieces;,'lryexierinci: to rirlage and 

Lathor-)s;sed road coFSrt(ciior1 is rot however, a panoei oporate lie( eoimriefi lire Ii lih li! inpply 
The effecf ofr the over;ill tinerriployenit ;trtuoi i1i rinrly Sucl coriutlioris ire finllir oIlie, Invnlorim( i worli Cliarac
developmrirt countries Is llk(ly to 1)(;i rl ithvjl (fel to th( teristics of rndividrirl c'mi lles,hrowuv(r, not ionsranl'hririll lire 
rmiht(Intrlitiie ifreho ei loyrmieint piru)ltleri ili reltiliii I()t 1o ox- over (iirsIarice or littue 
ierlftirir< i I the ;ector At iw shtXiwi In(s r ly Irl(;;IvtIes Elafuihluslru 1r;i(fitron or r i nririi winlIirn(xplnl(rlwi 
rfti(I 'OwlC;rtiictl(r pirhtl ii l i 'iro c(ririllo to witlh l n )lotf-s,isSirlhiinll lovit illir ihlrre(lii ryienr-i irenrrlilnn f-mn;nin 
imhiur civilworks> c(irnitrtJ(ti0r1 irI 1f) iti. IrirIllt IIi Their iritr fniclihlrr A (rciii llt tinich expC l)(;rii oI 1, if(,(:oIo i 
hteavir Js(ers of 1rfior,. lh in holidI; rile for mmartienraince cosily roco, s thil dfevelop- over miiiliy y ir liho services 
oeration, icrea;ed Iioll ;ey ilier so((rs of fhe ecoi- of egLJI)nert-fn;i, fort iii cofnrtrictors Cli/ olon be Ina

ormy i.l ncesary Iliorcinur Io creat eriployrierit htut Itihor-l;se expertise Iusless eas.ily Irrt)(ort;l Theeitanllrll porter, 

1 



i 

introdiicIioii of Ioi-fhased I iTIetITotIs in tIlose counitrios witi-

Out a r,?ce t Itradilliorl II n;ijrliail riithods roust he planviied 

carefuIly arid execuited rtraduilly Limited mlixirg of 

technologies arnio ig projects or even within a single projec: 
Mo he po..Ssihle in order to rraxirrn':' the use of labor withotl 

SiCniictl 
1 reifiic,( : or national development goals. (,r without 

violatl!(j technical, cost, or scheduhiing constraint; on the 
con'triction progjrtim as a A,Ihole 

In addition to asset creation arid upkee in Inhe form of the 
road itselt, greater ise of lahor irr low-voluime roai conislrc-
tiri vrid uaiiteliarice in an eific erit and eftlecive rmriiner 
brings the benefits uf ipcreasing self-reliance on tir part of file 

c;mrtry involvei Tire tasks rulvetd i)nroad cori,;riucticfi ar( 
relatvIely simple andi car he carried Oit largely )y unsklleuJ 

ltuir wih liltle tra nn (altfluurlh skilled iranateitc(ln is 
n1e(on ii) The tools arid teci ri g,;., used in the major ac-
ivituin. such as artlhwork'. are rnot dussurnilar from those "sed 

lo :iir u:ltujrril aclivities Moreoveer the poterilt pay-of in 

turinv (-,f rmployrment pe;r unlvtof evw.stmrei appears to ihe 
iqh Sttudur of roa(d coiislrucN(t; ir] hircii. ire Pinlu~purir, 


ami e,;ewiierel for exarnuple. havr fo Jrd the u;rrioyrr t 


rile lre I fry ii ;mir labor-trase;, lec urulrul fti,o laoeiltually 


see-,vn to ,i]hl furies t tl o rXiu~rriert-nasrrd ilterli-
Ii.w; (3, 4) Devei-ipmntl of local ctrirtraiciorrr by iJillli iront 

lhor-based, often ndligeroUs' lechniqtJues, as vvwell,s locally 

irv,ile rraleruals, has poteirtilfty s;qivfi(iar1 lluphcltu ois fur 

till uiveloorllellt of t1( local c;v-";trr iutr 1 as well a'-

('ri is i;)port itrues, e ( , orirtitrref irrIpletols 


,( immrrienrt. ard constijctior ilrul!N 


Cuirisotuctuon (piorer arid spare )arts are major irrport 

it(i mnrrary developig COirilries Morrever. the .,kiled 

tiersorel riiicissary for thir mana(eimerlt, operlhOn, ip-

ke(ep. iii I fujel are often in Short supply and relatively expen-
sie [tin-~orliri fiacirres to niLiilleiouS geographically 
disperser,, of!ei rerifrote., projects !s expensive and difficult at 
fuerst Much eruiprrieirt is disproportionalely large for the 

, . slall -scal low-volume road projects The net insulSt of such 

coniditior's .' tOw itilhatlair of file eC-)CLiprlerlt In conilnctiOIn 
,,' th III(, -,tj(Jy of tire IriduS sugierhijway in Pakurtai, for 

example, iinimerous esfluirates of equipment utilization were 
oftairer: at) average of te avaable estimates SUJggesIs i 

frijire under 1000 hours year, compared with the standarrd of 

2000 h-ctirs observed ill i(Jfst rair/el I countries (5). 
he underlying rationale for consideriirl tlh0 use of labor-

based techoidtuIeS usmiaximizrg the eflicienlt csc of available 
resources It is inportant to consiter the disadvantages of 

increased lahor and ifs potornlial henreftls It is generally 
Iloight that use of labor means an atfornatic decrease in 
standards of coilstruction This may in eed he true III tihe 

case of certari aclivi ies, such as compacion ari(i firlal sour-
facing. which labor alone may have difficulty perfotrling 
comparahl; to lbe slanirtaris allainrabie, fly equipmelt The 
obiective of labor-bused consrucion is riot to blindly use it 
everywhere hurt. rather, to ise it wheru it is appropriate andut 

does riot produce an iferior product 
Proeci cost anld tulning are two frC(;ueIifly raised objections 

1o the uise of olore lar it i road conislriclori For example, low 
prodJuctivity can lead to tlhe extensior of projecl imle, or an 

ricrosis iII the n~imher of laborers needed for its execution 
Sirpiuicalt var,-iroj(tu In prouructivity by usirrg lafor-based 
nnurtinis hav(. freon ulu Bill, uninulprovedohserveu althouugh 
ronral tethohds of roard construction may indeed result in 

low productivity. the potential for improveentef through beler 

organiziaiOnl ir i ;iit)porvisilaiL is(. of Irreritivi, hceiles, ili

p roved toolh inn ple e(itirnent. ani upcjrtuIirds-irnsi riutrilori 
arid fiAillh 'utwrls prr'lsn(Jh 11 rea of ,':(r certain 

conrtlu:tioi ictivilhti ; fht air ;ltu (:ariticil 1( i roj'cl 'omIpl.

ion With iroper pl4 rjrq t, cll 1annin hhyitLu iLIar. ev(n if, 

more time u; riet d:( Prelurirnmry ftorl; III p uI rured.s of Hie 

World Banik aid th, Iifermiti(u l I ihuir ')ico (It 0) hve 

1)0r0 rlcOtiracI1lg, hut prudict.'ity inpr vv'rnurnt rerfaish.,; a 

niajor facfir iI the sIcIcet;IIlIIrT ipleIf uI tI ()r-Ihascf hlIi 

meltho(d; of cow;1rticluur 
Low pro(hiclivrty may arlsrhav; lhf(:urcc;t (f lh(0Irl ITIC( .

project Labor-based moilhods rave rer;ri fumi i to he firiai

cially coripeiCote with e;uuiprrerrt-fiased altllives In 5(r;rr t 

lcw-wa.(.e COLJIIriCS. hut sich cOriipiriIsrrIs aririq ilt-rna

fives. have largely beena tllempts to evatiate wihat mir(ihl have 
occurredf had lahor-hased methods been u3ed ar a tIrciect 
that was acthally planriedi for and executed by e(gLliprrleiIt 
Considieratiorn of alternatives at the start and the rttraziaior 

of prolects are necessary if altornatives are to 5,? equitably 

cormpared If may also be necessary to extend the compari

so l)oyorir corlsfruicfiorl costs to rllalrltlnar)(r arllt riser 

)costs. differernt projects are to be coiriparreif two somewhat 
III view f tlheir respecrve appropriateness for use of lairr)r or 
egpip/erit If may he that the Market price of labor, equip

mrent, ari other resorces does not adequately reflect the 

opportimiiy cost of Ithese ileris. The implicatioi is Ihai corrl

parusoris ought to be dole by Luing slhadow prrces (see 

Chapter 3) Given lhe chance, revertheless, lafor-based 

rrretiods rIrust be able to carmpele if they are to be used 

because ie budget for road constrruction is necessarily im

ited 

A Ithird objection to the use of labor-based m:rlh)n,; of road 
construction pertains to lhe managenieit nr(deir of large 

riumbers of laborers The ocIlpat of a sil1e piece Of ejUcip
menlt may be eCuirvaleft to that of 200 lahorers These labor
ers, iin IcUri, rit he ilobrlized, supervised, and provided wfil 

tlhe necessary arierlities The overhead costs cal he ex

pecled to be high, aIthougih they are difficult to al'icIjlate 
This is air area still relatively fiew, Unexplored., and just now 

heiiq touched or as lator-based programs and projects 
begin to be implerrented Similar proflems, of coirse, oftern 

exist where eqIq)rillf is UsCI MobIliIaior of IrIachnIles arrd 
provision of repair facilities, for example, car be an expensive 
as well as a difiicfll proposiliol wher;projects are ri.,mote and 

dispersed. This can also resull in Srgiificailt delays in project 

slart-rp and execuiton arid is t/prcally a vrry serios proleil 

for highw y maintenance 
Finally, certain istitutional forces and coriiracrial rigidities 

within tlhe corislnricthoni r slItuiSryitself arlof the sector proviodinq 

ihe roads lend to militate agaims lfe use t more labor 

Desiri melh(ts, specifications, conilions of contracts. and 

methods of len ter g, for examiple, have evolved with tire 
rmrechaiation of roa c'Orstni ch(oi annud hvivi her Irns

ferred to(eveloping corritres; e.rirTe (iunisiutats, rn--y 

tractors, aid otlhers MelhorlS of ;etclniq (orilr;ii;tr,;. fJor 
example, are often fiasef onl the allnroiil of (r;(i lu;ril they 

hlave, riot lihir ahility to tnouih(n ri mror rage Bii;e iire.nl iTT 
lhe regrirrenenis of sirisormIig alt runjeii hii., ;lu,; fuirer 

a corltrillgq ; w l;lfactor. perhiap; inne 50( iii toiu ; rie 

cently. Parficuilarly im roflanl i, thc ( Ii u;it(u ITiii f (, il! mcii 

leadership l r1OSt dcovelopinij ciontrimie(; Eimrinner, (mltl
caled in Westorr-orienteu school, On,'surj state-at-tie-ant 

technrology ter(r to ihe condilioned IT)usiig heavy eqjuipment 



Predictable t)roaLJct;vItIes, costs, ard )erforirrarrct. issoci- of tools ari sipln) (llejirre(2it Ipotentially suilable for 

atlet with irchirrery iL o)po!sed, to the tisks ismlly associ-

Itedt wit Ilhor mike theue of k itl),t(:ilidlrly ,ittric-WI iiprrt 

live 
These v;irlols corslf lrllt- oi h rOnt' (i I[iiiii-r-),-

ir[(Ttlo(ts o" low-Volrtiie rold 1iitit Irld til/ifirrrw 
ro etch Iicsed-i theftollowni ';wctmrw of i . 5 rth-ess 

Any ;labor-)asi t pro)qrriri lt tON ,i ;lI roui,;t firsti isto 

Shiow fowtlw.hasic technical, fiilliil. ir(It!ecoliorii"icirolt) 
onis ctrr )e?-olvetd. lierit niil dertliostrl, te how the iistli-
!loral ant soct.iltrivioiim.rl ofirofni)trojeciishtii 1re (ht 
iore cOnch'civ threthoeffiie t f l li)r fRoiid constrIc-
liurn Iit,t:Evi,;ti I by the qovernrnt+is ty)ic lly tfirieod v 
,,hili, thlerlore, ciii i)(? irstriinnieiittil iII esuril( that avail-
tile resojrce'; fetset iII the most offtctive f1arr:ner p)ossi-

hie lt' ,(coionriicchr, Iricetriss te , late, toffts arid 
itr)iiies), rugulitory iiEastures (eq , (utas, vIsaIntiport 


reStrIClioSi. and nllrlirurrlllil ernloyrnet re(gIuirLient1s). coil-
tract award procedires ((Iq . contraictor selectiorn on)tie 
hasis of rlatioral economic Irotilability rather fhanmiiiInLiin 
cOst). ile qoverinnentt/ riich tocan (to prorroIoe the LIS? Of 
Iihor-',ased tC.'tinsjueCs wtere tl)l)rot)riate 

SYNTHESIS 3: PURPOSE AND SCOPE 

Ili res)onse to the curIditioris facingrj rrmany developing COL1-
tries Inl 1t- late 1960s. the World Bank, thj Ilnernational 
LaIt)or Olice, arid other srrilar organizations hegarn to col-
siter the fLiller itwfizafion of available resources, SLIch as 
lahor, atd the conservatlion of resources ii1 scarce supply, 
such a1scapital. wfoLi uldfing rural irirastructure facuitues 
Knowledge of 1ow to apply u skilled labor effectively in I)ub-
tic works construction was hlted iII all h 1tfew countries. No 
systerriVaic studies haid yet heni done orr the advirtari(jes and 
Cisa(tvarta(es and the coml)iarative cas;tsi arrrt results of 

usirg larje grouj)s of workers to )tiliI projects )reviously 
corrstrucleId l)y irrachines Extensive re,;eairch progjrrrts 
,were therefore initialed to idetitfy poleltil alterriative 
technologies Stui-es in I rrtdiar a. ra tharliriiiid, and 
the Phili)punes derr.strraed tihe tifchricil arir ofen socin<, 
ecornorrric feasit)lity of variouis labhor-tb;ed tLhctolorties 
tnder loc:l corttuhoris The firirircal eisihilily of lie allorii-

live tectrnoocgies clir;;t (:In Soriu stii(fesitp)ear.d l( ss . 
found fiat the latior-nas 'riethout; widter con;r eritfnaior 
were competiive with (;iriiprrrerr-tiset ol)tion;, hil otiter 

SLudies (id roL Thre reruoril crri,';oni : w;ls ilfl ;in effort 
ioilt te made to incrua;e he role of Itabor fcrro0it col-

structIIi fy effectivetly isuli roru hiOtt-hiasnt tecrlirgioles 
andrt itf)rovin( lahlor rodtictivily ilatrl r-alrtnrritait. carl1-
scarce (:1COt1rues 

-hese fitir rIs Itel It) fiirtlue!r rit trlttint; ; l I)rojecs 
ttiroLu(]trlI . fnirth? worlit, uIruluiitrrt(nartrl(, K(rIyi, -lor1-
(uras. Nnt:.i'l. Pahslim' Ctri 'i.loll. Itnlup:ltflc ohKIii 
Bertri ani the Doruricir Het fin!: M .lC( 1r ] ,ol(triil 
ritiitluetirlhwr li)ur-hu inour t ' Mrtnyof llrerir rin~u, 

hirid rll( jilff ri f lY+ l~ ~ tl~ P ) lt ( I.:( ,t h Y lthi. I'lle 

ru i-I 
lIrriu2s tin tj rin ut VfVfItuni l t'i'l ,,t? ir i)rIan r rilritn;r Of 

rular/al ; rave tl e f(ui rInn+ i l(ltr uit:t i;sa tIial re-
,earch tiroit(l of tresi Stihtin, Soiri nt these ire 

1 	 iLO Guide to Tools and Equipment for Labour-Based 
Road Construction (6) .vlwft -!rve a. calalor-ue 

19Cus iv; utei mtl;turirut~r iri lprocre"ss corl-

),II (is 

uIse Wilh labor, 

2 	 ILO Manual on the Planning of Labour-Intensive Road
 
Construction (7), which largely focSus or-the evalia
lOll of ilterriatlve echrnloi(rjin il at prolocl colitext,
 

Birnk ILd3 	 Worlh ar 11 Labor-Based Construction
 
Methods: A Planning and Management Handbook (2).
 
which will coricetrat orn irritil eiitL ition of !atoi
)itse tlechiiiul()ties 1oth iit)ni)(Irivii iir sile temirrnis, 
atticIlnlry terti;trll; il;lrlllij 'il0Oi Site rilalalt;Ie

meril, inidi 
.1	ILO Gu.idelines for the Organization of Special Labour-


Intensive Works Programmes (8) (iat the U S Agereicy
 
for hliernitiinal [)nvo'hi)irit (Ali)) Creating Rural Em
ployment: A Manual for Organizing Rural Works Pro

of 

lvel ini)lernnitatl nilir;itti)rli 

grams (9). vhich fecl; I irglv i )o-icerri;opro(rtni 

lrt( intio ecnoiic dei
veolotliferit
 

Giver Itese tive iiivriils; un lhe .,tlivu. tiick(trLiil(f 
pulihcatiors Orrlre sit largely COLIrs(e ot(1 tro ttiCi(J iII tii' 
tie last 10 yeairs, a stiriiniary nt state-n) thi-irt iucilirint is 
clearly roeedted fs till!; It) ttill tfhisIt Isthi )nrI)O oftiitlsi0 
need Draiwirj of the work cormipleted to (lite arid iIi i)ro(g

rUss, thiesyrilltesis Iesiits Iiiovinvii.w ot t110 riniirlirig], 

Concerns. arid us( of at or-h if tlectrluoljil s i low
voluiie roart (;oistictiirrit int riiiiri iiirie(r iII lIrho'oliexl of 
ntevelolrimet Ithe rri ior lotic,; of tiscir.sion iiclcine 

* i tiiitication of ilterrrtlive tichru)lo(jins,
 
e evaltitiorrtof alterrltives uiter varyirr (:)ditioris fi
 

tochticial, firrariciil. )ini(I ocioecroruii tcrrr5. irel
 
0 inplerrnrrtalior it thelnrattoiral (ptro(rarif,) iild IOCicl
 

()Oloecl) levis
 
Allerralive ltechrrologus miihite the ftill spectrl;ril fromifll

lahor- to all-etrrriert-Ised )ltons Sl)eikufr of lahor

versUs e(lii)rrinl-liase't tcliriojy . tooI trt(IIa0surrip)hica-
Ilor hCause co)struction rielthodts Ihrolihortl the worlt 

span a wide ra g-c of corriiiatio s of hijrirr, arrnral, arid 
retchanical reFsoJrces Lit(se Attention tthrog(holJit th's syn
thesis3 is focrused orr I;aor-hased alterialives trecause 
ktiowld(rle ahort e(lipri rt-basd( tri.)cthes usimore 
wlecspreant rhe ap)r)riit nix Of rerin, iiirr ils, mid irra
chirnes i arly partci la"r case i; a ftrticori tf techrtl:,tl. fillial
cial., ecortirriIC. irlsillitorial. trut social crwseralints; Also, 
this syrrhl ;ii; ;ir;triu(s thai l)r0i)fals fu Irhe rlrteihr tise of 
labtor rinist hu (:o!;l -fle:liv arid ii(l ,;iiirrly riakunwork )ro(t 
ositions 

Syrlliesis 3 is wrilteri rniairly fir rurficyriakur r Itn ; IrimS
en
tportaliion iniiistry, plirirr(rs of rurt(IIrutrarqrit,(hintf 

qiiwer; ilr the roatlauthority Polhcyrrraknrs inI 1lirirrers 
itorn, hroadly (roricrre(t willi the firimr)cil an(t ecrollornlic 
affivrs of lhre ratiun) iirtndsite e lrlirrle;rt1nay also frndi this 

A )ruriary rit)ijcliv us inltitly tre vairiotis 
factors to i). ornsrliert whi in uinclitqir rirl 
syrt-tress treIhptni mto 

leu,(; variouts 
l(chrrologs( to h rlrtstrture a friework ty w nrrf; 
the irolun nven if tIre ticlors a .r r)t till (t1;inilIrtuI;u eI hi 
;yrthw(r'; is irreiitirt i) tohe iii oirihiiiseit ivrvituw Of tie 
;lI11ila h()ll. "Ilnd ;I c-( litrl ly (lo ;tc l tl it I<to + IIiIIl Ih w III( l~flitl:

flu(rr riariltll; frl us,tI ih) v 
C ripter 2 t euirs the rrivn ;llitiiiri it alhturifluhn n;orrl', ic

ion arid ril nirlwitaricel ini;irriv l(tiic; fur hiuw-volrTire rr i c:orl
s ltritiortry pru;nsurnlunrqw hte ;Iw:lrru()rt ,iviil;ihle fllterri;iftv 
The disc ussuor i,5ilistritufv !rlii rum;lritiu; tail r irrje of 
optiions arid their Ituortral Ise lhIrei(:cs of Ir)(hictivily arid 

3
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orgairzatOrnal, at; well as tecI riolo(lical, ilternatIives for maii I- p)lomentalior. Ciapler 4 discu;ses the ofkihor-based 
ternnc are1ralso diSCLSSed Chapter 3 then proposes a tuchriol)gios Begininrj wilt lh itioaiI-i;vei policy, or Ile 
framework for the OvaIuatiorn of the alternlatives to the ("-ntext proir;i coicerns atid reqguiri rel.; that iniy arise, the 

projects issessri(,it proceeds 1o the fiWre (1etad( level plan-Of their se itnaroad A three-tiered is chalel thein H local 
otined tec'hrcal, financial, nI socI feasibilty ofOCion)ll0 

alernative rreanis of cornstruction irid Da'a for
IiirIrlarlice 
such an evalualion will h, gi nel,'ed irl the course of in 

CHAPTER 2 

Alternative technologies 

A wide variely of faclors enters into the process of eteirtitica-
tion, selection, and utilization of ;alternalive corrih)iriahtorls of 

resoIrces or technologies for constritclioii art Irr~ir trtlier(:e 
of low-voIurMe roads First and foremot are r(esourte avail-
ability and potential for developmet an t t110l hthl t' ilil y 
of unskilled and skilled labor irrls:.1, ,irmple tools and 
oeuipment, heavy e(gipmewrit, mud riahlrils pl;t ,tjit; lo fh( 
time and location al which tle resources in k) tsl;(lth 0i; 

inclCdes COICernIs a1Sto the availab) ituiier-.. re(11 site 
skills necessary 1o u(is those resources., :iiii i rlalrminii 
capabilities to organize tier use 

Given availabilily, the next issuje to I)o rlised 1'Il mi( ttil-
-

Ity of Using these alternatives Tu, us sujl)Jt( IiI) (0(1t;jd 

erafions of project design ari(I o (r -u:liit~, ce i imls 

SLIcI as product (uality ard tirii( MOreov or. prod :lcivily 

an1( Cost of those altr alive (:o)iliriati(in, tr(i, varoti s 
conditiOns Of uLSe are of concern troriolh I firi cilual illt 
economic point of view Resi uri (:en te pru ti it riurket 
or prevailint cost a firiaicfl itnn.idraflioo or itn tj1o-

turnity" cost to elirite mirk t pric ; ,itl)ii ) ;ill (;tO-
nom c coris(itr riFt)FrI , thlyt h b refits ort rii(hlt ,, ctlrt 
with the use of the(se alt(ernative t loco(ilrtliw , rr ii cli 
creation of irifrtr'iruct r asst iillirrl. loyri( it r luhl. I11-

pro'ed uncorrie (Iitri htii aritllsretlii(oit fuireiii e,,i(cmi(jO 
expof) ( iL[rOS 

Given fe siblihty, iiiirri"te(rirtimc ,tletiriatveis uets) lien. 
corrlbirit ons of fusoorn , u ome to tlhe fore('. rnrliely thet 
cormrrntrierit of pohcyrruakers (iirTirriutrltors, artm(mlut (irs 
to hflutide! fnllailcla irl illrl,;it rid incertiv it v~iriti!; 
!2velc C c, n I uirocuirrrierilt l)ro(etliir l ir tia: ottr 

at iool l.(hIop out. m i ( ir ve ottfoo lratr irid i~tiiotihi 
Issues ill F)itn ig r urol, e'× (tlit, rrriitiriiirir l Ili(piriul 
prograrrm aritd proj(et ; i vlied 

Chapter 2 lheojum tme jtrtit;,; tofi vst;ralu(iHh rjaltirlive 
cOrisr-LCT1to) tllinadrheii ce tec:iottltus Ity, preseo'tinel1t 


arnd urijl(iirt-tiitlt hl ~ttr; 3irl-tl f1 fl;ucl-
sior is. iriturtJl oiv I )1, llo,-rritiv mi ihtl in)t)LC Vt; ofiil 
bossihle res;olircl cor iiri ittori It )flet llvu usto deI 1m 
stra te r ilrrle t ii n l oiu ve.-(birk11FItrrll ; Of atr Iotriu l on al 
more coriplitle t, t)f lleritve'; ;ind(m re tietils o) thse 

that aredsc i lehuritjhr t re rre to forilC()o rin(Jol(t I(-; 

rilrl aid pirolect-relaited aclivities that are affected bly the 
ilncr("sed utn!,eof Ihbol
 

p[L)licatiorns of the World Barik and International Lahour Of
fho (2,6). 

In fl'; chaptler, alttlntion is ociisei or corntll ctill I)(,,
(sli. t ha b)a1eertite prirriry focus ofefforts to (htte the:, 

fld It is; fel that thr tevido irit of lahoti-hased rritllemlr 
ice wIt leiiuiC hecliilu; Ili! ,irlliir to (itev elopie;it of 

Ihor-based contIrHclori lirlt(:; te(:It;Ii( Ir Iily Of ih(, 

lools t h rhill 1w rfwirriatioi I,; iriorcoperator ; nirmlir (torl 

ralily avaihlo fi)r e(lrui1rei-mts,[d ;llt;itive- So Ike 
la)or-lsed end(1 of the( ;ptclru r(ecLiv".i; more allelltiolr irl 
this d,;cusn:orr thel topic lt(:iitr(J(it) ilir(nttictivily what 

it ml"Xilif ;, why ii- tliirtimi, nit ho0w hHl (;Ht;LI(itlOltti ijfi)rove 
it i; ilso rtietly (l ;cusse(l btlow MU rtleriarice, orgarliza

tuonal. il lutechnlologlical alternatives are itisciisset later in 

li; c(hilpter 

ROAD CONSTRUCTION ALTERNATIVES 
Fhe spectrmi of technologies available for low-volurie road 
corutriictim raing.es froiri lIhIor-hrase(l to e(;nielt)mt1I-ba se1( 
alterratives Neairly all leojet, rise i mix f labor ,irtelip

allt(ogln lie rellla ; (ilt(,,r si shtlailve, lfr(tliorh aioio 
1ht1aly Sotmue project;l rl;iy t basically Iltr-based utl may 
ril(( tIt i t; u((I iitl riiil to achieve ;as ec:fiedt (IiiiJhtyill Itre 
,reiitlpris til() !;otnh i,cir 'lctioll Fvintie Ita i ,(:ivi tb 

tlht ; ,t xlrtt.erxri i (r lilltuw ir iil (i i n'; r lll l illrtlllill(f t 

coimplerieitiny r)sourc(. for ex;inr;pj, Iilutir for, i t ap
roatches, ose eu (np riut ll t ormi fil loolh;. ridiii of 

(e(uilmlrel-lnm;s-d Ip) ,lclie t in labo nl o forri ife ir 
i rtltilor,; Work at inayil a o te very Wsetl irii( cot-
effe(:Iive ili(;)llthlllliu ll with labor aii( siit(l et(Iupllleilll 
;ch i; ct:tl; aridlroller; iabl I itrl iic tuor oft ives (- the 
rar(s of constr Ji ori mitiliotus toteruluall a ry ;il( ftor t!;(eltrop 
! It)w vill l iiIf lfm()nl 
all r ti ,iiia f,ulithomrl 
lrr' ri(I!
 

,'-:'- i h i i ii ii- il 
I lw :( !( ll (l rhive I 

; i l hl (t ;IhIlil lly ofI lt 
f ll,irllti:lai; t of( il tlrs; llw
 

it flit, rilitriludit cu-tiIi trurr
 
ii l ui!'v -1 Iu
tuhr uirrl )1i ) t;( ri

ir ftit ir l e if:I 

itiuv;liitrnierr(t;;!;'h' 


Irit- I tti.h;I t i,,r i; itf Iii, i uIreadily l l,u t do r1r111, 
rta iqurn:hJl 

, iim h)onl; 'ti 
rn ilifucal holl (if a(icilturil arid milirls r(Itilm it for ti!;e! IiI 
dossh anid lllifachire! of hlitil( li r 
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Table 1. Spectrum of road construction methods potentially appropriate for use in India (10). 

Labor-Based Intermediate 
Activity/Task Methods Methods 

Excavation of 
soils ar~t rock 

Loading,
and
hatlihngj


Iiloadirig 

sof? so''))l 
Foe' 

firm soil 

hard soil 

soft rock 
Crowbar 

I iLJLIi -ock 

hard rock 

.. .....0-50.ni...o.. 

50 


raiding and 

100-200 ni 

200-500 nd 

500-1000 


1000-2000 m 

2000-5000 rn 

over 5000 i1n 

Excavation. loaiing, hauling 
aid UiNlo dItrgO inearthworks in 
side-lorwl cut iIIhill roads, mixed 

soil and soft rock, Trienaxii 
haul 50 i 

aggregalesSIre1rivig soils ,ii(i 

unloadingLoafiTitl hauhrl dlLI 

'd;orenaterials IIIguarry. 

haulf dc1arice 0-200 rri 

ProductIon ofstone 

agrreqltes,(ie breaking or 

CrLiShIIirJ) 

unlt Wnloading 

ag(Irelow, from (tlarry 

Loading. haltnglH( 


toroad 


site, haul iistaice 1 kmnupwards 

Heiirig ard iliXlrIg bitLIner 

racadarri 

he 0ht 

fei 

}Hand-drilinq and blasting 

Hote, 


trrow 


et)(! 


H 

ctiri,; 


Excavate by hoe, pick or 
crowbar, haul by 
hcadbaskot 

Hoe or rake 

Carry by hand 
Load by hoe or 

rake into headpan 

Hammer 


Heat chipprngs and 

hituml en over open wood 

fire, rnix by shovel or rake 

Power winch 
w~hi'
weelbarrowr p i00';-heel-,milefs o ailwI(loII 
u I 'topeof 

(Sit irirro 

Equipment-Based 
Methods 

cae 

Dozer Tratckeof WrIeOld with or 
O×'CdIt )loa;der Without
 

fo 	 pushe., 

} Dozer
ipper 

ColT) 010500( air 
till i.la-;t:ing 

} Do.'er } W ii leolloat er alo le 

N 	 nuilly 
oil 
-fxh( ' 

S wiiiktoIr 

Hoe &h ifhr 

Hoe 6 11 l1 has etor(llhat;ket or 11o'.'el ';fiovel into 
irito lraictor fl;Ithed truc~k. 

i1le', LIJroll uiloaji by hoe 

hy tiptirIi or or 'shovel 
hoe or 'sovel 

Excavate by hoe, pick or crowba;, 
haul hy wheelbarrow 

Collect 

h(.a(Iparl 


Ioe 


(a) 	 Wheelbarrow 
by Marui'Illy operaled(b) 

chle 

(c) Maiuoally operatel(; 

ropteway
,eriail 

(CI)1AAnll;l,'ot r)ti 

raft',;'y,l( ru 

W hilecrJsisc Ico(i(l fy irdit, 

slone prehroken 

Load tfy 

rake alrif 
heaflpar .,or 

by rake 
or shovel
 

f diiirl 

platform or 


frori "
 

1
Chub 1i1 

o 10 5O min 

Dozer 

Grader or Dozer 

Wheeled loader or 
irtcko(excavator 

t41O t ) trick 

[Dozer and wheeled IoaIer alone 

Dozer. wheelet loader ad dLiMper 

Dozer, wheeled loder aiid d(uMp 
lruk 

M i lchml xIT'Votllc /yor
 

Cri.li mi' ihijral screensilt wilh 

1)10 Conveyorr,Iraduv hy wheele(d 

Io r 

irailer, Wheeoed Or trackedl loader Inoe 

unilO(ifly (1lrn1) truck 
r;ik( or lit) 

(I)l w flotr 

(f) Flriltte(t trick, 
il'iloiId by rake 

Ieat htluml. i,Tin Iu 

CiiltiioJ'; 1if i!xI II " 

Snill or rli(ht ri( -./1 

5ixer 

ll!r, Integrated hol (nix plantheat 

l l lolouelII
 

ieclimical 



Table 1. (Continued) 

Activity/Task 

Hauling and taying irtumen 
macadam srflace 

Compactron of eatfivvorks 
arld sub-(Jradl 

Comipaction of bise arid 
ai rfacing materials 

Labor-Based 

Methods 


Haul by strelceUr. lay by 
rake 

Intermediate 
Methods 


Haul by wheelbarrm lay by hand-
propelled :rf-,cred bof(I wilh or 
withott radls
 

Hanid-proielled riiecharica rollers 
of variou; types for smrall qt,,,ites 
Anir al-lowoed she ty;!foot roli r for 
large quatity 

Equipment-Based
 
Methods
 

Dump truck ,aid paver 

Self-prolll roller 

lractor-iotwe( sihinrepsfoot roller 

Self-propelled roller 
Iracr-rnourrle(t Kharnii type) 
roller 

The won 'hoe is ised to describe tire back-acting tool used all over India for digging ,nisoft L I and for loadincr, vari oisly named powrah'. 

'marriti etc For iron-cohesive soils, a shovel may be more suitablo Ifran the noe 
Ie, nule. (lorike,,or cartmo' 
31 e , I I b.ItCrTIe or h ullock 

o U11'atle'."ifs n IS III India 

ConstrUction, and the use of pedal and simple motor-powered 
equipment over lhis same period have been limiterA. Only in 
the last 10 to 15 years has bhere been an expression of 
renewed nt:resi fi !Ireater rise of labor In construction ac
livities. an(! only rore receiltly have offorl- benr directed 
toward irnprori'q bheefficiercy of llfrse alternatiwe ap-
proache tirrlr(r ;a;tble couwlitns ILO and World Ba1nk 
have been sra'ietil fii !omlle of Ifh( early sltudes. ,nigh) 
with certain tcvelopim l cotjirios (Mexico. Kenya. Hondurts 
Haili Colonurh a Indcha, and the Philippines). that rave coop-
orathd ITTthese effort'; arid. iI omsue cases, have (tdv5loed 
their own1 a)or-hiacd ro(prramiis 

In )eqrririq ltook at he spesttirr of lecholorole avail-! 

able for run (:io;trni(iori, it isusefuI to divide he constric-
iron proc( l+re rilo various sta;(es site preparation earlh-
work. sutise. bashe. an I strfacing-, using earth, st~ibilizcd 
earth. g]ravel. wid cfirtii(r 1rrong other matlerials,treatrinits 

minor stnricht:s. ain(Irirlet strijctJros Each slage, In rurri. 
consists of .;-vrcl aCtiviies, with -oine crrniruiorraly airnoni 
sla[]g.5 [arhwvor ,for exi iprnl(.corisisl; of excavate, toa(f, 
haul. unload. retri. s]tireiar. aid finishcoil)a(c, Sirilarly, 
tasks Canibe defined as gjrou)p.; of posihly Irterdependlo nt 
aclivres s(ch .is(arlivorki'actjvities aridl excavate lhrotiqgb 
st)reail The rosource-,s us;ed richide u skilled da skilled 
lator. engine ar) airriial-towe(ri(d .ituipnenl. curlils, SuInt-
pl(etumnls ;urt i:itr ict{riuri Tabe 2 c:lassifis awiderirahferrals 
rigi of cor;Irticfion baar rei in tricris of its particulir 
capir. rperatonsiriet; in roar) coristrrictior 

Vairious erivirorirer.t;l corn s ,stjch a-; ciwn ue, soilitruri 

rock type mi il dha;Iitrc co rtlulri.
i. ;irir arld variows Ii-
sttitural~ r+iir,Ir si1cb asiranariNrct ;l(J orgiI/,ics, i)ti., 

plhy,'sicaltrit) anskt.f ava iality aid (talily(Iri :v,,orkcrs, 

of ritrai i,trce a d repi r fI:wihit ,nay hiave airi
. ri[hrtaiml 
ItTip;Wt Oii re-ourco pDrr I - lrtte ct i cr11 co;lsafI if ;sec 
of variniw; a:rtrwrlhji ablh 3 organtiizes(, a list ifltypiil 
p;ara rel(crs ,ic;;,wcific (Ihrice ypplyr 'ao to crrliti aclivitie; 
tasks) arnd genefwral (lh(ose A;.)lymi;iore or l(.ssegially frall 
achvtlis la;ks) 

Construction Technologies: 
Their Identificatio, and Use 
Site Preparation 

Site preparation, the first stage in road constructioti, consists 
of brusi, tree. ai',J from the roadway, andstutip removal 
dhsposal of (lel)r it nay llsO include removal of topsol, or 
Iris miay be indced in earthwork The environmental condi
lion of priniary c,,;cern is the amount of vegelalion, which 
mitgt range froni grass and scrub to dense forest The tools 
aid technirtue. vary accordingly 

fable 4 shows the resource requilr(mnonts an (I prod
uclivifies of two basic technologies for clearing different 
levels of vegetation The capilal- or equrpmenl-bosed ap
proach calls for a tractor witfh a blade and various other 
atfachrnrits, it light to riter-(JIIrr In heavior voqetavegetaion 
liori,sorr) Ireci-cuting0 ectgrirmpent .;i to adozer wilt)ad(dilio a 
rippe atfachrmerit mav be necessary 

A(jriciIfriral irriplerr/ert;, sich i as lon-bladed knives. 
lie. arid ickc, [iretsefuil for lafor-hrascrl Ichbirigis iI lightl 
afid r1e(i01r Iv(gCtlation Proiictivily iep.ruiris onthe orgaii
zalion of tbe labor force Tahle 5 is a letanled rxarrrple of Itie 
ov .11process followed 1o (elorminthe b orgamizalion of a 
imariial clearing operation on a road project fitKenya. Dense 
ve(gclion reqJires some use of irteirmedite tools. such as 
smiall p)wer saws and girer nrechaical tools. Altbotigh 
.-rilppmr of topsoil rnirgthf be consil(erert earlhwork, loosering 
arid cearing bie top layer i-,oftei corisiuri silelopirepara
run P jricullural plows driiwraby ;iroufls it iiall tractors are 

,';orrietirrc useful for the loo-enrili(I operationih) hl alorlils 
tr rrerrmoveddv had or riiall sraiir5, Figuire I 3;hows 
a p)lo,, hy a water biilffalhoin fti Phil rpiriwdrtrawli irr;(l 


Excavation and Loading 

Earthwork consiltites a trrajor porton of 1ow-vlOinIe road 
constructiol. Excavafion and loading conshite the !irsl part 
of earthwork and nay be treated as one or two ooeralions. 

(I 



Table 2. Hardware capabilities (11). 

Class and Sub-Class Item 

Excavation Vertical Crowbar 
tools: cutting Grafting Tool 
pcinled and action Pick 
narrow bladed Mallock 

Pneumatic Tools 
Horizontal Animal Plough 
cutting 
action 

Winched Plough ._ 
Towed or self-propelled Tipper, Rooter or Sarifier 

Excavation, loading and spreading Spades, Shovels and Forks 
tools: toothed, forked and bladed 

Manual Haulage,
Animal Haulage 

Wheeled Non-lipping
haulage 

Tipping 

I 
Scrapers, blade excavators 

Bucket excavators, 
power shovels, conveyors and 
equipment incorporating 
conveyors 

Transfer systems 

Compaction 
lequipment 

Hoes and Rakes 
Chute 
Sledge 

Panniers
Stretcher 

Double Basket Yoke or shoulder Pole (one man) 
Shoulder Pole (two men) 
Head Basket or Headpan 
Hand Cart 
Animal CartTractor Trailer 

Flat Truck 
WheelbarrowBottom Dumping Cart 

Rear Tipping Cart 
Dumper 
Tractor Tipping Trailer 
Rail system with Tipping or Dumping Wagons 
Ropeway or Cableway with Tipping Buckets 
Tipping Truck, Dump Truck 
Animal-drawn Scraper 
Winched Scraper 

r 

Activity or Task Capability 

• _ _ _ _ 

.. 
.....Towed or self-propelled, pushed or self-loading Scraper 

Grader .
 
Animal Dozer
 
Dozer track-laying and wheeled
 
Excavators, Shovels, Grabs, Draglines, etc.
 
Endless chain bucket trencher with Elevator
 
Elevating Grader "
 
Bucket wheel Excavator
 
Elevator (bucket conveyor)
 
Mobile Conveyor
 
Belt Conveyor, Warm Conveyor
 
Shaduf
 
Chinese level transfer Basket
 
Ropeway with Containers
 
Carousel
 
Rail system with Containers
 
Tampers
 
Animal-towed Rollers
 
Towed Rollers
 
Self-propelled Rollers
 
Power Rammers __ ___"_ _ __ _ " 
Plate Compactors 

__ 

KEY: 
E = Excavate T = Transfer 
L = Load C = Compact 
H = Haul C' = Incidental Compaction 
U = Unload Hence, for example, 
S = Spread HUS = Haul, Unload, Spread. 
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Table 3. Set of environmental and institutional Table 4. Sample of alternative site-clearing methods 
conditions potentially affecting the productivity of both under oifferent vegetation conditions (8). 
men and machines (2). 

Task1 Technology Inputs Resource
 
Specific Parameters, applicable only to days
 
specific activities,tasks: required
 

Soi -oc _J-Excavation Task A Labor-based Laborers, 16
 

Loadiig thiIgt ]-- Loading haidtools 

H l ii>('1" 1 Task B Labor-based Laborers, 45
 
Haoul roijle ni4t,f~ill . Haulage hanidtools
 

Task A Capital- Dozer 112 
Layert(.,of- Spreading SPECIFIC based Operator 1/2 
RPt Jf'Ir PARAMETERS Capital- Dozer, operator, 1Brek-., Task B 

Re c or to-- Breaking based laborers 1
 
ork rJ Crushing handlools 4
 

Loo -"Earthworking

LCos( J Adjustment 'Task A: Light clearing thick bushes and scrub but no trees 
COH11YICI ,I (tabove J 4 in Indiameter (one acre)

2'Task B: clearic c luincdlr:j rowltc wit a tewMeium {c'
General Parameters, applicable to many or alt activities/tasks:
 

trees up to 10 11niridiamcieter (one acre)
 

Payr 'cethbo I ]-lncentive ]NCENTIVE 

Corciioti o f "i each of wnicth corlcii C oi itiy-;cif':icto -' clci; taharacteristics. 
The range of l)r(uu lvit ,ts vwi Lhytiitf iior-lasedCicrllho.; is vey Sod typ) 

Supervisioni Management parameter dl;ictircij riccourc0 prod ciIv'y Inticese aciivities, 
Job Orgla ' - hocs shiow Rl re1t A iicii'icit hitfltl ( icmllo 1 5ciS;i 

Lao mor )ro ldol i o:o(l heihlt 1are two 

c S Fi %o(;rr)to 
Labor reliitors -MANAGEMENT the lnilt Icy lihtrid soils.be for eflfc(;ivc, loi(acir (7). 11Ihchir(t 

-On-site train i ,(1 Equipment PARAMETERS excavaion alcc4io(oko otfteri yivto he ('ci:ccood as two 
Type of contract g Management separate opeoratiuois A varioty of oth:r factor s,sornewhal 

rit.tikc more iimiy also 
Macirceciace hovl titivenen ot lahor-c-scuI criotl ocis 
Sparecvsiilat c,: e Usage of tools fairnliar to the Iaiboor; atid of as few 

differe l lytpw; )uinhlt, provlod that they are 

Egi cp e c fioc miihitic),.l In niittire fitlo(ccc:c the coipe

as si
Air tec iptr,tcre 1 1 suitable to te ciitrcalsheinul hianidlod rind methods 
Relatve hirillcl / J-Climatic being usi( I s tI)ortnlt The varition in lools used for 
Rainfall parliciiar oporations arnoiip coiJr ippears to havecrr 


Alt itie little effect lh rc(icli\ch 1 -rc - ty ,ich wevcihlc givei all other 
Terrar -Site condilcocis it-SITE xcm)no-I 
Type of work Environment PARAMETERS * Quality, dcjlrhdily iod ii cccailitccccic cancclh tic(wools 
Traffic incerference J )fllhcIcttic c;t ccfhi-g:(l)Iity,signiicaclly ilct vty 

simple lools i v(ry c-cll rilhvitivc t cccl ccl lOwolIlci r (as
Heallh ard IFIUtr)tio i Human low as 3-1 p ic trifof wiq ,I,; iL:irly. lhicc ofcit nrc-
Traditional skill Environment l(c
ploynog a c.irpenter to fix ool licc ;,ccilIhlac:-ksilith 
Local CuStOR/S to sharpen hlaid tools ridy I)(r(.aMl tciary ; byltrrn 


increascd Iprodcciviy 
* Orgarication of the ;te acid Oc(:lalcr or the site, 

along wih h)alcac; hitwon workerc; i Iools and 
The rnatercats fay be fromci ctts for the road iself or from amon tasks (q g .excavate , nail . iufl,(loaic),idh icml are 
borrow, these clay be going to an em ankrrceiit or to spoil critical othe efficirccy of li: ol)c,ritrciI Fu1roc.itipli. iti-
The type am voluccic, of diler] al to i)e hacdled, as well as better and easer foorlihcr to x, vh'triccc v hctical tacos 
local ci tocmci c)ofiici tclatl( particulars of the rather than tci work onitargi hicrizcc)cil ar:i lls'helpsciI(J i-, Iftoo 

icletho Ito h6 s, (a)to prove riexcessvo iryml. (h) to ilanirccm a c:lear 
Lccrcct c r c icsc for t'i , ' rcrwiiil sxocatioi to.toi[,(iqrh,hq:,]'cniiic 0i. i tt nm,:thelatSi, face I li thoo h iti ro arcea 

Tabhe 6 sor.,, a. [t!, 'aclotio of (c)tc for ()idil(jigclcc, to l qeneral ochicJctore(I icci to,v'ccc': lily i rIlg 

cateclocrits oi 'iB for ctcncrf;'I c cr i inn Labor-based by gjravity 
ciethods of o,,-i ,li ac1 l ion,) c: tu l to be rather Given proper ac0,,;ioc to such corditins laor-hcased 
tradilion- hOli Tic's , ar ir, i of ,,ork faciliar to most rural rnelhocls of oxc~avation icd ladmg may ie reasoccably cOl
poor. acic I ho cc:cl ire arjgoty ;sic farcr cMplecenls, pelitive with ciiachiie-hase( rcelhocs IIIcouctrtcs where 
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Table 5. Description of inputs and organization of manual methods of site preparation inroad construction in Kenya (12). 

1. Bush Cutting 
This operation consists of cutting the existing bush 

.. 	 within the 8.meter right-of-way of the proposed feecer 
roads. Tools required for this operation are pangas and 
one file. The general system used has not varied from 
ono road to another; acrew of laborers isspread along 
both sides of the proposed road, each man being 
placed Xmeters from the next. One laborer clears the 
distance from the starting point to the point where the 
next nearest man to him has started. He then rotates 
ahead to the front of the crew to begin clearing anew 
section. This rotation continues until the entire length 
of the proposed road is cleared. Within this general 
system several variations have been tried. The objec-
tive has been to determine 

0 the optimal distance which one headman can effec-
tively supervise and, given this, 

* 	the distance between laborers which will assure 
maximum cost effectivene-,"i) 

That is,too great atotal distance 'cannot be supervised 
well, and it has been found that laborers placed too 
close together tend to engage in excessive conversa-
lion, thus slowing the work. The range of optimal 
spacing of labor depends on the degree of supervi-
sion required in the operation. 

2. Stump Removal 
This operation entails removing the stumps of the bush 
cut in operation 1. Tools required include mattocks, 
axes, and shovels. The optional system is the same asbushcuttng.
bush cutting. 


3. Grass and Topsoil Removal 

Tools used for the removal of grass and topsoil are 
jembes, fork jembes, and shovels. Initial difficulty was 
encountered when grass tended to grow back rapidly 
after this operation was completed. The technique 
used at that time was to loosen the topsoil to a depth 
of approximately 4inches and shake out the grass and 
roots. Several modifications to this aporoach were 
tried, and the following was settled upon: dig and 
throw out 4 inches of topsoil; then loosen approxi-
mately 9 additional inches of soil; let dry and remove 
any remaining gras.3 or other unsuitable material. To 
date this approach has proven to be the most effective, 

The general system used inthis work isagain, the same 
as in1and 2above. However, the optimal crew and dis-
tance between laborers differs. Laborers &,replaced at 
each side of the road. One laborer is responsible for 
removing grass and topsoil from his edge to the center 
of the road (i.e., 4 meters). This operation requires 
more careful supervision than the previous operations 
described, 

4. Stone Removal 
One of the most difficult and in some ways most in

....	 terestng problems confronted has beeQnthe reqvalI of
 
the large stones found inVihiga and Hamisi Divisions.
 
Tools required for this operation include crowbars,
 
shovels, jembes, and fork jembes. Stones within 12
 
inches of the top of the proposed roadway must be
 
removed., Several methods to accomplish this have
 
been used:
 
e 	Small stones (1cubic meterand less)-dig the stone
 

out and roll it from the roadway.
 
e 	Stones larger than 1 cubic meter - if the stone is 

90+% above the surface of the road afirst attempt is 
made to dig it out and roll it from the road. If this is 
not possible because it is too large or more than 10% 
buried, the following alternative approaches are 
used: 
• dig ahole to one side of the stone sufficiently large 

so that the stone can be buried; 
* 	after digging the hole attempt to manually push the 

stone into the hole; 
e inthose cases where stones have been too large

to be pushed manually the following alternatives 
have been tried: 
* 	tying arope around the stone and pulling itwith 

the use of a truck. This has had only a limited 
success.
 
. a


• using a hydiaulic jack. Sufficient earth isre
moved from the side of the stone opposite the 
hole so that ajack can be wedged behind the 
stone. It is then slowly jacked (with the help of 
laborers 	to direct the roll of the stone) until it
falls to theole Ti a h s oe n 

falls into the hole. This approach has proven 
to be the most successful. 
cracking stones with fire. Wood is placed on top 
of the stone and burned. When the stone be
comes sufficiently hot, either a sledge hammer 
alone isused to crack it or is first doused with 
cold water and then hammered. This method is 
used generally on very large stones of which 
afoot or less isexposed above the ground. 

The incidence of rocks, of course, varies greatly from 
place to place. In order to determine the labor input 
needed and the cost per kilometer of stone removal for 
any particular segment of road, an assessment of the 
extent of the rock outcrops must first be carried out. 

5. Tree Removal
 
Tools used for this operation include axes, mattocks,
 
jembes, shovels, and '/2-inch rope. Thus far two
 
methods have been tested:
 
* 	cutting the tree down and only then removing the 

stump by digging around its base and cutting its 
roots; and 

* 	tying arope near the top of the tree, digging around 
its stump, cutting its roots, and pulling the tree over. 
This method involves essentially only one operation 
and isthe most cost effective. 

As inthe case of stones discussed above, the number 
of trees per kilometer varies greatly. 
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4' • , " ,or h, i,,iun i l. w,,q( low (eg US$0 5 10 day in 1976 

q .t , ,t~ ~ i yr[}[!]l' ir t rfttrl-ih >ljr fir ;lily fur ill (, ×..>IV;|flOll• ~~Vr r. 

I r I Ir pI r I io, I €I 

-1i1 tltto ri l'r viit Jti 

0, 1 1 f i I;I, , ) i tr'i i I .I it(rfii , rlti ilr i r;li ' l' 

" .1.. . ~i , f r lllif 'r I b " , ht ll, I O w . l ll l dIfol )lH / tt w',l t;I' 

Fr ig . te f o " p seI I .t 011t in. i IrII( ll t ilo ( y (4 f t o Iitrifl
 

~1...~J - 11.1! , ,.', 1)r )f;}, 1,f t k , 1}j ' () II,I 1 Itll ,1[, litf 


' 

'~cr it[+ I,, I() lh h 1f ryIkIlk', • I ) l~ , I !H)t(if Ily !t l , !1 1.)(,l! 1 t t III 

Figure I.Water buffalo-drawn ,. ,, !< l.i ~t~~ ~ , l l ! S>t[AP'lfDtlly h(t)plow used for loosening I< fl~tl; 

soil in road construction in the Philippines (4). . ,ri t) e-IjillyIi'",I Ii~ , iiii , ii 1 tfittr! t iror rntirctO 

Table 6. Guide to tool selection among manual methods of excavation and loading (2). 

Soil Type Cohesive Non-Cohesive 

Fine-Medium Coarse Cmne 
Tool Type Fine Grained Mixed ed Crsed Cemented 

or GeSoils, Boulder 
Soft Rock DepositsCombination Soft- Firm- Soft- Firm- Cor- Cor-

of Tools Flrnl Still Hard Firm Stiff Hard Loose pact Dense Loose pact Dense' 

jrnitll L L E I F E E oE 

Pi,- E iE F eE E eE eE oE eE 

Huet eEL eEL eEL eEL eL L eEL eEL eL eE eE e 

Rake L L L L L 

Shove EL L L EL L L EL L L E L 

Spade eL e e e eL e e 

Fork EL EL L L L L 

Notes e Excavating small Cluantities, trimming to line and level, and so forth. 
E - Bulk oxcavalion. 

- Lou lunq 

Slhu. (ted to SuIrjgesf optlini usage for particular tools. Thus, for example,t1a5le isb)<se( ie limiterI fieliI experience, and is inle 
the hole is not sI owri for Io'iii i( coarse-gramieI non-cohesive soil, hut probably could be used for this activty with some dif
ficuWlt i'tahle , indicalo d. wouldl he better if availableSr forks or rakes, 

Excavarlon Acivity i Rotir(t rnoilhs ioiitiil (,ids for noni-uiilorm soils 
1)) Squilre nnio thd Cflrl irurt for 1r1ilfr i htie 'suils 

C) Wvii ft t i n furwt ik u toL1h soils.el,' riiirruw bl;ades for 
if) SquI ire rilruth flail for irrrnirrj ()h re arldaralidc level 

Loading Activity 
ai)Hofe' th";Il it rCmihirJ ug(iJrt htelow ti lfIprO riutely 
h) Shovels be;t tl!O iiimu Irurn 1-1 5rm ipproxirlilefly 
c) Long-handled shovels best at loading heught above 1.5fn approximately. 
d) Larle h iare more suin-hlte for light rmatelrials 

e) Small hlaies are more suilable for heavy mntelriats 
f) Hand loairin is clererally reqgiire I for boulder dleposIts and may be used to advantage after bulk 

excavatiori in strongly cohesive malerials 
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Helgl0 m LmI H Lines Baseu on Indian and 

~Indonesian Eqperierice for 
Daily PamidWork 

X ;i,kWork Pf'o(ucIIviIy 

E 

i Epected Task-Work 

fKhl
ielho tK H[qloa: 

vAchive si 
v o Keeya io1976s 

Note~ ~ esetv ~ ~ Prdcafttetregni~~ o hi ~ porri ~ ~ ~ ~ fdutvl 

Soill types 
5 6
2 ncohliv2 cohesrodvc 3 ... 4 

SoftType 

resthecse profgra 

K load height of0 2m KenyA
 

L 10o011I heiqht of0 2w1t Lesolho
 

Note Productivies at eginning of their ais 

L2 loading heqghl of 20Di Le, otho
 
C, Ioadinro liewght Of0 5m Chad
 

Soil types: 

cohesive non-cohesive 
Soil Soil rock 

0 very soft 
1 very loose-
2 soft --

3 firm loose- 
4 stiff comnpact 
5 very stiff dense
 
6 hard very dense
 
7 soft 

Man-day dtefined toh~e 8 hours of available ttmole 

Figure 2. Productivity figures for manual methods of excavation/loading under various soil conditions and 

lift heights (13). 
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to soft soil or previously loosened/excavated materials and Figure 3. Three types of scrapers. 
relatively short hauls. 

Figure 3 shows three scrapers that have been used in the ... .. 
Philippines: 

1. A traditional bamboo scraper made by weaving bam- . .i:., 
boo through the prongs of a harrow traditionally used in 
the rice fields (the modification takes approximately 0.5 -_: __ 

2. An oil-drum scraper made from a section of a 44-gal
 
drum and some suitable welded attachments; and
 

3. A factory-made scraper, costing approximately US$100
 
each in the early 1970s to produce by the dozen, and 
appearing to be robust and productive (it is very similar
 
to the drag scraper used in North America early in this
 
century; replaceable runners and cutting edge could
 
considerably extend its life),
 

Turning to machine-based methods of excavation and 
loading, the two activities that are frequently treated as one
 
and, as in the case of the scrapers above, of haulage may
 
also be included in the process. Crawler and wheeled ,,
 
bulldozers can excavate most materials, with the assistance
 
of a ripper in harder soils, and can transport them a short J,
 
distance, Towed and motor scrapers can be similarly used,
 
requiring a pusher for excavation in firmer ground; these can
 
also be used for longer hauls (up to 3 km for motor scrapers). " 
Excavation/loading alone is done by face shovels and back- ,
 
hoes, draglines, and front-end loaders, listed in order of de-"
 
clining capability for excavating in harder materials. Finally,,
 
bucket-wheel excavators can be used inall materials (except ,
 
rock), but they require haulage equipment able to keep pace
 
with their continuous output. Explicit comparisons among Traditional Bamboo Scraper
 
labor and equipment-based alternatives are reserved for the
 
section on hauling,
 

Excavation in rock calls for special tools and techniques,
 
whether carred out by labor or maciines. Some of the exca
vation options are mentioned here, with further discussion left
 
to the section or;naterials production. Labor-based methods
 
of rock excavation include (a)use of crowbars and wedges in
 
cracks and planes of weakness; (b)heating by fij6 followed by
 
rapid cooling by water to cause shatteringL\(c) wooden
 
wedges, placed dry and then saturated to cause splitting;
 
and (d) use of chisel-ended bars for drilling of shot holes. 

Equipment-based alternatives include use of (a) heavy
 
machines for ripping the rock; (b) hand-held or machine- i..
 
mounted, pneumatic, diesel, or electric-powered breakers;
 
and (c) rock drills.
 

Hauling and Unloading Oil-Drum Scraper 

Hauling the materials either to an embankment or to spoil is
 
the step following excavation. Depending upon the method '77"y

used, hauling alone, hauling and unloading, or the fuller spec-.,
 
trum of excavate through spread may be done by the same
 

4'( vehicle(s). Careful matching of transport capacity and vol- - . ' 
' ume of materials being excavated iscritical to minimizing idle j . " 

time and maximizing productivity. The length and condition 
(such as roughness and slope) of the haul route, among other f t .L 
parameters, further influence the efficiency and thus appro
priateness of various haul techniques. The length of haul may ." 

range from a few meters when excavating from cut to fill in 
embankment construction, to several kilometers when haul
ing selected fill or surfacing materials to the site. The potential 
impact of route conditions on different types of wheeled vehi- Factory-Made Scraper 
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cles and vehicle speeds is indicated inTable 7; route condi-
tion affects the productivity of walking less than wheeled 
haulage, 

The spectrum of technologies available for haulage in road 

construction isbroad. Some of the more labor-based alterna
lives are given in Table 8 with their relative appropriateness 
as to haul distance and other conditions. Figure 4 illustrates 
several of these alternatives. Figures 5 through 7 provide 

Figure 4. Alternative modes of haulage in low-volume road construction (7). 

Carrying excavated materials on 2-man stretchers (Philippines) 

rr
 

Taclortrailer combination of small tractor, lowed chassis, and 
hauling container which can be hand-loaded (Southern Africa) 

Loading tipping trucks on rails from headbaskels (India) 

Modified animal-drawn cart. this one has wouden wheels 
but its bottom consists ol bamboo mats which are simply 
liled to unload (Philippines) 

Modified animal-drawn cart: this one has rubber tires and built-up 
sides but has to be unloaded by hand (Philippines) 
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Table 7. Range of possible haul route conditions (2). 

Description 
of 

Haul Route 

Type 
of 

Surface 

Effect on Haulage 
of Non-Rubber-

Tired Carts 
or Barrows 

Effect on Haulage 
of Pneumatic-Tired 

Vehicles 
or Barrows 

Average Speed 
for Vehicle (Truck) 

Haulage' (km/h, 

Very poor Earth, muddy, 
no maintenance 
loose sand or gravel 

Virtually 
Impossible 

Very difficult Less thait 10 

Poor Poorly maintained 
earth (dry clay loam) 

Very difficult Fairly difficult 10-20 

Average Normal site 
earth road or path 

Fairly difficult Slight difficulty 20-30 

Good Hard and smooth- 
compacted earth. 
well ;naitained 

No difficulty 30-40 

Excellent Concrete asphalt Excellent free-running surface More than 40 
well maintained gravel

well laid barrow run
 

'Vehicle haulage speeds indicated are not necessarily those of the haulage vehicle itself, K.,u are those attainable by a fully 
loaded, carefully driven, well mainlaned truck (e.g.. 5-ton) in the traffic condilions prevailing on the route 

some exemplary quantitative details about these various 
haulage modes. the first two fiqlures give unit cost and re-
source requirermriet data for excavation hauling in the Philip-
piries vwhle the third provides cost Iiforrrationi for the task 
e:<cavate-tliroHIi-sp)re a( i India ad Indonesia Differences 
be;ween Finure 5 ad 7 in1terrnis of the apparent appropri- 
aerless; of vairious technologies ire a fuiction of differellces 
III tihe pariCUlr tuiinqgiu and thus the a.ichievable prod-
uctiviles. as w[ell as (ifferences ti resource costs (labor Is 
relaliv,!y Io,,er cost ri Infat) rd other I cO3!ditiuCo s 

Mwiijil iiselhio(ts, of haila(g(o include boh carriedi aridf 
viiee(: jrtie,; Heatlba;kets s0older yokes, reid 
shouldhf'r ;) st '.; can he isef effectivelyI"rrtnhfirr, rrf 
only for tI; osh of Each riettho(f has particularrtest miails-
cIrcHinrdtinicf. tO V~nicir iSHnnios tCed suh as nnimgrh Ofli/ltdit 
Iit, it ) , ;. cstIflteetini;e . (It-,lrin ie in( I ;o forth It tunic-

tli f, : 1 l ciuso n 5i the i,1)o;t iri irtnt factor for cfhoo iriq a 
i)uirtIfci;mlar ml tmloil Hel'- ,t iketn. for exanmple, aire nio,;t 
c(inmiliri inr m cuoifulrm(es They ;jro? mniost w.efiil for mauIls 
tinder 30 in or so, hUil they can be used III loniier haiilS hy 
emiploying a-ichani of haulers Headhaskets are also useful InI 
Interrediate hauls as Indicated In Figure 4 Properly orga-

nized, headbaskets can be reasonably compeitive willi other 
shorl-haul methods and have the advaritatle of beirg rela
lively itideperidenl of route con(itiori i (iieasy to irlald, 
requiring little further spreadirg (2) 

The use of wheelbarrows or inirit, II d1or-f Isril roiiI 
construcion can coiisiter;t)liy Ifmroveniprticivil.,' for hiiil5; 
from 2510 125 rrnA wide vavnid iif liirt,, wliirt' ii idv.In 
rows exists (fiani cfirts liaivet t,1 Ai'tl; 'if vtriiw,,-, 1hv 

one) Sortie are ligilhtweightl with lwtrvir i it i h;tI re 
heavy-weigfhl w;ith solid fire:-,. iiii ,ieh'.n.'A In.: iIItrout of lie 
contaier, others fivrt ti .riaimritai it. SOurie rave 

I trIutrap.ozoidal sectio ofiii;, oftwr ; I.e I lir ;ectioll 
bodies loese piirlticilar; of fi ir tm in:rito i more a 
flunctio1r of tradiOtin thiri (if ippiici iih - i, trticiilkr work 
Desiltri rri of ,,liiellirr( , ; iit u 11(riumairiftdiwrmi/ 
slope ()f the hatil rui i to(n mI IfI/itsIIl ilif i iti force are 

irruIporlait to efficiter I I )trier 1i iI if IIi I i 1 len,( to (,.r1 lie 
,suthlec of several ;tlis hiy tiw WourlI HRInf4hitrriaio;ial 

L;tbour Office, rid (itiiirs Fur immrne. i :mo(iwt iredl 
wheelbarrow willi a bitl-met riimt .l.1f, A 10fhte t1h0 
most efficient design in tne World Ba"nk clies. coStilg ap
proximately USS40 (1976) aii(i haviriut a working life of 2000 
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Table 8. Alternative haulage methods toward the labor-using end of the spectrum (2). 

Recommended Recommended 
Haulage Haul Haulage Haul 
Method Distance (m) Comments Method Distance (m) Comments 

Fllai Ihaskets 5-30 	 A traditional melod Portes 50-125 
Good results can he Milles 50-125 
obtained with hille 

C.mils 100-400 	 Low loading height.supervIsiioKn Roilte 
con(io n I ( .ln"I;l Elephanls_ pt-
ness not cntli Scrapers 

Sacks Inefficient, pirlicn- Bullock cars 100-600 Require average or 
larly loading [t) belter route con
useful for Io it- ditions. 
distance haulago in 
hilly terrain arid for Cinniel carts 100-600 
fine grauir rilaIte- Mtjle(carts 100-600 
rials. 

Yokes 5-30 	 As headbaskels t)it 
wider route neded Iractor trailer 250-5000 Good organization 
Zero loading hilit 	 critical for eco

2-roan stretchers Inefficient, hut useful nonrical results 
for hot nateriatls Truck (Flat Bed) 500+ Cost depilenet on 

'-nd'narts Needs good haul roads, dislance, con
route. dition and type of 

truck, etc.Wheelbarrows 25-125 	 Very corinpeive if 
well organized 1 Truck (Tipping)HaulJ 500+ 
route condition ann 
stee p ness c ritic a l 

this can be improved 
by using planks for Manual ropeway 10-40 For short steep 

slopesbarrow runs 
Competitive in spe
cific sitiat;ons 

Manual rail systems 100-300 	 Good poenial where 
large votlMIes HILISt 
be ioved along oine 

Donkeys 50-125 	 Reasonably ir-de- route (e g . guarries) 
pendent of haul Results i le)erid on 
route condition an(d irrdivii tral sitiation 
steepness arid syshen; used 

fairlybalanceGang 

critical for goodt re- . . .
 
sults. 

Chute 5-30 Applicahle to down-
Slet +- chute 5-100 ti1l haulage only 

hours (11) Other studies have included variations in wheel donkeys anid ponies, for example, can carry t) to 200 kl in 

and bearing types and sizes, body and frame materials and parniers for 50 to 125 in or more, while Lhorer, can carry 15 
shapes, use as a means of improving route conditions, arid to 35 kg innheadhaskets for 5 to 30 ill (2) if afe ardi 

condition of the anial and the desigi and coridlinli of theassistance, as wiih winches, in steep grades 
Arnirals May also he used for transport iri road conSiruCttion simple egiiprrien/t are important factors intie , fficiercy of the 

entner by carrying rrraterials on their hacks in panriers or by operation, so. too, is the animal s neeI for retf iniI witerirnj 

pulliig carts or scrapers. Substitution of animal power for (eg , wafer buffaloes need an hour of walerinr during the 

huran power allows heavier loads arid longer haul distances; work day) Although anirnial-drawn carts ,ire the niost com
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Figure 5. Unit costs for alternative methods of excavating and hauling fill materials in the Philippines (4). 

M,,,, 


'"' '"'"' 


4o / vw,,,,.FI,,,<,,.,, ____________________________ 

,, 
Fr,1111F (Iftry.l,1I! 

- ___________,_ rF, T,,,, 

',,,,r . ,,,.... ,. 


oaF..............--- -l 


F',,, 

____-- , yt"S~icCt 

1 _ _ . .. . .. . .... .... . "." .F"I.''' 

S ,,. ,,, . 

. .. . . . . --- .-. 

:, ...... ...... ....... .based,. .
 

___Lt_ 


l ,., 11)FFFFFFF 

S , ......
' 

Figure 6. Labor force required for different methods of 
excavating and hauling 1000 m3 of fill material per 8-h 
day inthe Philippines (4). 

mll irn/ode of tritr/porl irinil iy dOveIopil( cotjitrio ,Pll~y 
are les- fric,teolfla sort Ii ru corivlctoi rto , tilirs 

ru lutl i 

coriltie)is i [sser ra los liecessiry for carls, 
with irtlers Thrs islrot)<hl,/ neclcir;( e hotter lor 

ire? tid 
they irenort llj hi li repretl a(iffc h t(oi/IFIO1i Giii o 

lar(jer coi lul ,F Prul o ( 'trairlsllive rt ne (F tiFomIe rily he 
alleviateuld(,-F s e; i thloif ,p(;F Fi ire . liF ctic iriTorIca-
lori torrrse itr 5() af liw tr'dnirlorhal.<to(j oh ,VodOFIFl;i-

ho(lOil. arrje ! irl', provenoh. ,k Cimol (:,irt> hay 
-
to e,' ver 0) ,- fi !eif)(('1¢ i lr/ 


Mii lltwa litir o fhaull their r(neiipel
iFl riieFl(dS lust itve-

..itshauls river 500 to j( fi(2) Fractor traller Cofiilfurl-
tons, flattmr i a Dr or (kJrlp,less cu. rri)riy. tppfn rucks 
seeNi to b)ette crirrertly avilatnlu octuololy for tiese longer 

hiuits Experience Witth the tractoi lraor alternitive I t d. to 

its particular advantagle is that one tractor and several de

tachable lratlers can ho us.<ed The most expensive item of 

equipment. the tractor, cai thus he niore fully utilized in

conlunctiorn with mantial Il aingut loadingl Furthermore, 
other attachiriorlts tiOh d5Jplows. rippers, scrapers, graders, 
and rollels rig t be, ist;(Ih with lie trictor, altotloLIgh this tiexi
bilily may he hriniliftie goiierl illy lower horsepower agricuL

ure Iracltors are used Figr. P s8iows Ihe produtlion rates 

that rilgIit he ;icieve(I iloiic with th trailer aid labor re
gltireiris for ori traclorho. stigges tlhetNh ihers aleti 
importanice of (icedorgIaiizitlon for tis IietIold of haulage. 
Experience with tractor trmilor corillinations imiKeilya furlher 

OSIS 11,1 lIijralhii li iry d sg i n o srLI1 f[ieqJp[o itpIarticularly tie trailers, iscritical, allo that smaller 

he SuJIl'stitlto(I 

(e g ,75 hp) thtl were specified (14). 
tractors (e ,45 hp) rigc1ht for the larger ones 

These methods of hala.ge represent a significant jump 
from a l al- rawr d ices. S the (10-12ge-axle tractors 

hp) and modifiedl versions of thren-wheeled, molorcycle
cargo carriers (8 12 hpt) have beeln suIogesled as a 

more inltermnediate mode(; of hla(} 
coristrLIC!iori (14) Although prornisirp., rue rerai to be 
tested under !he ratfher ardlou oS 

_ for Use with labor in civil 

coricJtions of rural road con-

Slt iorL efforts ho irade itdapt them to suchi,arrid rius;t i to 
usaile
 

arFirn prortre<s;. ti r tre e(qoilprrii(il-1)rase( enid of the 
stpeclrLiM of lraiillafto so(l,-ho1lld suffice o0 simrplyieolI it 
riretrie ( For ;trorl ill; to0 mu,the allernatives thatl to s forile 

the hulltozer nay hre tused, for longer haurIs up to sorie 300 in, 
tie lowe !scraper,for tih~lJ kin, rioloruip to sonic 3 lie 

scralptr. airJ for (veii lon(e hais, lippi- trucks (2) AllI 

except lirertck ire s(l1f-loading, terhar with sone assis
tince, miid allare self uriloahdiri( 

Anolher (jrolp of tmitilaol(;ltrl.s unirtll lier collectively 

torrired tr;ansfer s;yslei ; ,Alrioig t ee al lrelcks oil rals, 
rope ,s arid cahlevviys, hell condeyors. ni f;h t es; alirt 

sl s EatiCl t) Irelois-; te i (Jteliil for rr iiVi(t niraterials 
ruttier effa:errtl/ tr(uttr ltt( s outf ,,Fi ,lowIfri(;tlinl !y;t[)lr 
sluch a; wthel" (i rails, wheels; (r c ihle,(ora riv()tingj 
rotilflrj I)(liltliiy ireedleil rower r I theeVprovided try fii-


Fal,airrillt r r i Eaich sF/ster ntails the
or ctraircIl fl 
rise of a fixed (r e - r r tsllatrori, Which, Ii addi-

Fl,or O tie Settng Ilpclisiantl r(j of the installatior, adds 
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Figure 7. Unit costs for alternative methods of 
excavate/load/haul'unload/spread in India and 
Indonesia (10). 
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ro Methods 

1 D7 dozer for all activities. 

2 Ct 621 mrotor scraper, D8 pusher, 12 G grader 

3 Cat 769B (35-Ion) dump truck, 988-wheeled loader, 


excavitioii n'y D8 dozer. spfeading by 12 G (Itader 

,I ilear basket. nandtouis. abor
 
5 Whieetbarrow haridtools. tailor 

6 35-hp tractor aiid 3-tlr 
 tipping trailers, manual excavahlon. 

ioaIdirirt. spreadir i 
7 Mutle wth panrers, handtools, labor 
8 Mule cart. ;irltoois, labor 
9 Ca lrtCart I toois. labor (otservatoiIS imited to o)e sitrethg 

ois), hanrdools, labor (observaions10 Second-hand truck (5 
TleTd to Ole site) 

piecework, paWrinit with (loud supervisloiA 
B dafly-paid wvorlk ith poor supervision 

Condmitions are average [firm) soil and relatively flat terrain 

Costs include overhead and supervision 1976 prices assuming 
piecework earnings to he RS 9 daily and daily-paid wage a be RS 
45 

several steps to the haulage process itself: i e., haul from the 

device, haul usinq the transferexcavation to the transfer 

device, and haul to the point of final deposit. Under a rather 

narrowly dehiriert set of con(ditionis, therefore, cach transfer 

system is potentially/in econoi traill male Use of ih stiall 

tippilig riclks o!n rals sorwn in Fgurn -4. tr eximiple, yielel 

lhree-fol Ircrerlse's I or protictuvity II i I kidiai protect 

inmitrl rietlho Is i(sr previously: 1!,ecompared wit other 
Idwere tire setti itI arid rvIIov(rlltl' 1ffcujles, erucourutere 

of the tralck [iridl its teiolency to o-tnrucl the sile (2) Siiltl 

Manal3ly oper at,-.I cait.o ropewaiys, have altso teeri used 
Ir dia for hatili)g irialerials iiieOfectivety on aIlimitedt scale iri 

small bags LIp from river beds: chutes and sleds have been 
experimenled with for downslope haulage (2). Although 
further consideration of these transfer syslems for direct use 

in road cansirclion activities appears warranted, their main 
applicability probably remains in quarry arid materials prod

iCto i nonrations where larcge quanltities of materials are usu
ally moved over a fixed route 

Spreading 

Spreading is frequently a rather minor activity in road con
struction. Nevertheless, once materials have been unloaded, 

they must be spread before compaction. Uniform spreading 
is particularly imporlant in1the final layers of the embankment 

and in road surfacing if compaction Is to produice (ood riding 

qualities The sprealrug actlivity pertaIns bolh to earthwork for 

the road embankmernt ant to the sLlNfi)se, hIse, and surfac
Il.ng materials for the roard The alpproprialeness of varouis 

technologies and their relative efficiencies are sensitive not 
only to the nalure of the naterilJs heing spread but also the 

thickness of the layers, Figuire 9 (errion.,Irates this for the 

case of imrarnal spreadingl 

The standard tools Used for manual spreading of earthwork 
include many of those used for excavation, namely, hoes, 

even picks and heavierrakes, forks, shovels, and spad.,_ 
in the matetools may be employed for breaking up lumps 

rials. Tabtl 9 indicates that the level of effort expended in 

spreading is in part a function of the method of haul. Gerer

ally. the smaller the haul container, the less the need for 

as carts, trailers, andspreading: larger hial containers such 

trucks, however, can assist the spreading activity by conine-

Ig to Miove while unloading. As for more intermediate 
methods of road construction, spreading may be effectively 

in the unloading of animal or tractor-drawnaccomplished 
iinimum of manual assistance. Animalscrapers with only a 

towed blade graders were used in North America early in this 

drags towed by animals, tractors, or evencentury; simple 
also be used. (Figure 10). Equipment-basedtrucks might 

alternatives include scrapers, graders, and anglectozers, for 

whic! i details on spreading are difficult to separate from other 

earthwork activities. Table 10 compares the resource re

quirements of the extrelrles irmtechnology for grading forma
ton. 

Materials most likely to be used in lhe surfacing activities of 

low-volume road construction include granular materials 

(gravels, ,rushed rock, and lateriles), stabilizing materials 

(lime and cement), and liquids (bitumen and water). Because 

granular iralerials are frequently stockpiled alongside the 

road, a small arnu of additional hauling as well as the 

spreading may be necessary Alternatively, vwith proper plan

ning, grantilar malerials nay be brought to the b:!e only when 

needed and distributed by tie transport vefhicle with only a 

iniiniimal need for spreading In erther case, the sane basic 

t()lsS arI (rurlipierit used for earthwork spreading may be 

appropriate A(ditional irtferniediate to eguipnTeitl-based op

tigns in;lude spreadeJr boxes and gas spreaders, which are 

particularly suited to finer materials like screenings for water

bound macadari aid chippings for surface-trealed roads. 

Table 11 shows some of the produclivilies achieved in India 
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Figure 8. Productivity for excavate/load/haul,'unload/spread task in earthworks by using a tractor/tipping trailer(s) 
combination (2). 

(a) Tractor Productivity 	 (b) Trailer Requirements for One Tiactor 

Tractor Nr'uber of lipping trailers tractor
100 Output soft-firm stiff hard soft 

Cu m/day soil soil soil rock 
' 0-20 2 2 2 2 

20-30 2 3 3 3 
80 
 30-40 3 3 3 4E 

40-50 3 4 4 4 
E 50-60 3 4 Not 

6 60-70 4 Practicable 

-os 
0 

10 very averag e haul 
" E 5: role 

o 5 R ot 

0 

0 U 

I I I I I I II 
0 200 400 600 800 1000 1200 1400 1600 

Egurvalenl Haul Length (mii) 

(c) 	Lahor ReqLu1rements for Oiu Tiaclor 
Tractor Lahor ReqLirements for Otte Tractor with Tipping Traiter(s) 
Outpul 

cU M (lay soft soil firm soil stiff soil hard soit soft rock 

15 10(3-5-2) 11(4-5-2) 14(7-5-2) 16(9-5-2) 17(10-5-2)
20 14(4-7-3) 15(5-7-3) 19(9-7-3) 21(11-7-3) 23(13-7-3)
30 19(5- 10-4) 22(8-t-10-) 28( 14-10-4) 31( 17-10-4) 34(20- 10-4)
•10 2617-13-6) 30(11-13-6) 38( 19-13-6) 42(23-13-6) 45(26-13-6)
 
50 33(9-17-7) 37( 13-17-7) 47(23 17-7) 52(28-17-7) 57(33-17-7)
 
60 38(10-20-8) ,1,1(16-20-8) 56(28-20-8)

70 -15( 12-23-10) 51(18-22-10) Not Praclicahle
 
80 52(1-1-27-11) 59(21-27-11) (More than 10 excavators or
 
90 58( 16-30-12) G6(124-30-12) 10 loaders per trailer)
 

Key. 	Total No 
of Laorers (No of E rvatlors - No of Loaders - No of Sproaders) 

Method of workiriq Excavatom (Intjt itiin ttumber 10 per trader) 
exca'vat, ai( a s talo ( r I of loaders (also ITtIXI Uri 10 per 
trailer) load each trailer (hoobft I 'lm) [raclor hauls 2, 3 or 1 
trailersoteo boeuhj amicld whl fthcother(s) is arc being I oaded A 
small gang spreads the inaftrial onice it is lipperd frott tho 
hydra-ulic ippmql trailcr Data ate presentedl in lermis of ott 35 hp 
tractor with a gang of 3-tlo tippitng trailers aid laborers. the 
fitittljett-. being calculated to SUIl t( COiliiolS 

and Indonesia by risiig tra(itional methods of spreading with truck-mounted distributors to be as much as len times the 
shovels, rakes, and hoes Stabilizing materials such as ce- labor-based option (11). The anuimal-drawn waterbowser 
rneni. litte. aid hituten require mixing as well as spreading shown in Figure 11 has been found to be quite effective in the 
ofi the road mhe rmiixing can be (lotte by arimal- or tractor- Philippines 
drawn plows A till spectruft of alternatives exists for dislri-
hlting Iquids ltke hitrieri arid water Bilumern for examiple, Compaction 
rfight be spread by ising cans, adles, atnd rakes; hrid
operatedI sprayers connected to hiand- or atinal-lowed Comnpaclrn of earlhwork atid surfacing materials in road 
drurts on wheels, or frsick-Iourilec bilulflen istributors. Ex- construction serves to improve their stability arnd to smooth 
perietce i Iiltta and Indonesia shows the oulpul rate of lhe riding surface. Effective compaction requires substantial 
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Figure 9. Manual spreading of various materials to 
different thicknesses (11). 
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Figure 10. Drag used for shaping road surface in East 

Africa -adaptation of agricultural hoe by using scrap 

metal (7). 

Table 9. Productivity data for manual spreading in earthworks 
in India and Indonesia (2). 

Spreading Input Coefficient 
(man-hour/cm3 ) 

Haulage Mode ... A.Line.B 
Line A Line B
 

Headbasket 	
_ 

0.17 0,33 

Wheel-barrows, 
Animals 0.25 0.50 

Anim-a! carts, Trailers, 
Trucks 0.33 0.67 

Note: Spreading means distribute deposited loose soil in a 
unitorm layer 200-400 mm loose thickness, breaking 
up any large lumps and removing organic matter. 

tine A,Line Brefer to conditions for associated haul
age -- spreading itself may be daily paid Line Acondi
tions correspond to good supervision and piecework 
payment Line B to poor slipervision and daily-paid 

Output ismeasured iti-silu inthe borrow area; input is 
measured interms of working time. 

Table 10. Grading formation using extremes of technology (8). 

Technology Inputs Resource
 

hours
 
required
 

Labor-based 	 Laborers 160 
Lb-s 	 Laos 

Capitai-based 	 Mot, grader 2 
Operator 2 

Note: Task is grading formation to required levels and 

after completion of bulk excavation and fill 
(1000 yd"). 

inputs of or ergy, depending upon the type of material aiir 

thickness of the layer. There is a significant difference he
erergy that can he supplied by currently availa)letween flthe 


roaid coiipciorn egoiprent 'Ind ly iriaia and aio1ra1 
i"ie-is to io ;arrii r ug uttaii the deqr(e of compacliollii, therefore, 

thiner hlyers iii i flreter riiii er of pa.;ces iiost the tused 

for iiiatrm:i rielthio I',, wthi r(i,,ill Ii ()v i Jctivitu, Tlere ish low pr 
.... ii()r ii, ;in,? Ii)w-voliruclear evi(driC ih2 l ci r, ioi) i l ir 

Ilabor l), v'; 


tihieco•n"tiri(l. hi ut w lI-iod ivtY 

rooficon itril('1orl h)'.vf c i ltii ll( have 

"wi o"ii-f t 01(iliality 
::elo(rte1he:4 1y. vo c(mp),c ()l li.on{'rl whenl;of rm,,;it~ ~w~ 

,h. -;ll.ed of c:O ;lrcr wa .oI i)ll lft t(loi' :;lowtoer. W; o lsoli

or tirii weit hl of lrif;ic
(tle hy't;elf er t'ie lithe ca;se of very
 

nr 	or roa,'I-. lI; r 'till in tcot-effective up1)1w lhe l 

proach Sot(! rioelx _)n in He iirnI.f (orni )i|(atOiIsuit; 	 for
 

Iow-voluirru roids rniy :llerrialiwly hl)po)-;il. poterntially 
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Table 11. Productivity data for manual spreading in 
roadworks in India and Indonesia (10). 

Compacted 
Layer

ThicknessThicknfor Rates 
Type of or Rate 

Material of Spread 

Bases and Subbases 
Gavel subbase t100 mm 
Crushed rock base 100 mm 

and subbase 60 nm 

Latorite, rluriurn, etc . 
for waterbourid 
imcadam 8 mm 

Surfacirg 
Sand, Liturrieri 1.5 min 

seal coat 4 rum 
Chippirigs for surface 20 kgm 2 

dressim; 

Liquids 
Bitufion 0.3-0.8 Lm' 
Water 

Spreading Input Unit 
Coefficient

(man-hour/Unit)( -face 
.. . 

Line A Line B 

0.25 0A 
0.25 0,4 
0.45 0.7 

ton 
2.5 4.0 

na 1,8 
na 1.3 
na 0.6 

na .015 
na 003 

Note: 	 Spreadinrg does not iriclide associated loading arid 
hauling from stockpiles or elsewhere 

Line A conditions correspond to good Aupervision and 
piecework payment, Line B to poor SUtDervisior .rid 
daily-paid work Where Line A corilitiorii.-have riot 
been observed, itis su(jesteil that the inptl coeffi-

cients may be takei as one-half Ihose giver for Line B 
conditions, 

Input is rneasured in terms of working time 

Cor ssaS3a produce un t972 in rho. Pivipt,nieslw-ouieraIconiutoi'ucaega 

Rate of Spread 2L i' -'ilt;rals 
Prodrrruct'1V 1006 m' h for 50-ru haul 

272 mr'h for 1000-rn haul 

48 

. -: 

," 

": 


:.- . . .rumnlhtun~rr 

Figure 11. Animal-drawn waterbowser used inthe 
Philippines (7). 
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increasing the feasibility of using more manual allernalives of 
compaction. Because of its long-term effect on the durability 
and quality of the roadway and surface, compaction may
influence the lotiger-lerm costs of the road in maintenance 
aid user costs Studies in India, for example SLIgges! that 

hand-laid paverenits typically have sLIbstanhally higher surrouohness and thus increased vehicle operating costs 

This may be a furiction of qualty control as well as technioloqy 
mix (11) Art additional trade-off exists with lie (lesigi of the 
pave1irent hy using more or different maleria!s to offset the 
reduced con[cori Results of the World Banks studies on 
the subIecl, however, suggest Ithal resoLIrce iriis are similar 
across fie various qLlihtiS of compaction, arid, therefore, if 
cormiaction is to be i(ra e i tall, it should be dorie to Inter

riediale 	 or hi(jih-(uahitV saniards (11) 
The standard tools tsed for marual spreaiing of earthwork 

inclu(e rlliy Of those s(ted for excavation, riarriely, hoes, 
rakes. forks, shovels, ar d spa~ocs. even picks and heavier 
tools nay the employe(t for threAkiri( upLIirips irnthe riat
rials Table 9 ir]iciates that tire level of effort expcided in 
spreailrrrq is in parl a funclion of the rimetlhof hafImulGoner
ally, thie smaller the cotainer. theiauil (ess the riced for 
spreadiJg, larg]er haul conriiniers- such is carts, trailers, afri 
trucks, however. can assit the pro!arit ictivity hy co lirriH
ig0tO ove ,0hile Lrruoa(nlfI As fr more nrteriediat_, 

rethods of m, idconstrtilior .- preaidirq nay tie effectively 
icc(rrnplhsheil iiitih iloadifritof urn il or tra(:or-drawr 

scraipers with oIily 1iniurlir(.uiiIof i0 rlill sisftance Animal

towed bliade grau irs were used iii 'orth Anerica early in Ilbis 
century. uiruplo drags towedl by ainials, tractors, or even 
truclks i(fht also he iu.ed (Figire 0) EiJuipiert-based 
alteri'livos inclkde scrapers, graders. ariil argIledozers, for 
which details o spreading are difficull o separae,'ile from olher 
earlwork atctivities lahle 10 coHIpares tine resource re
qoirererits of the extremes in tlchniology for gra(ing forma
to 

CMalerials mosl likely to be tusedJ in lIe surfajcin i( clivities of
lr'itral 

1ow-volume roWd coIsILCIlOrI 'Hcldde (rimrLular 
(gravels, crusfe(J rock, aud lalerites), slihili/irig mtlerials 
(lime and comeit), armIhlquidS (t)fiiHrieri and water) Because 
granLlar malerials are frequently slockpiled alorugsnde the 
road, a sirfiall niourit ao afd ioial h:liii1 IS well as lie 
spreadirig rnay le rircessiry Aller iatively, ,ill proper plan
ring, granUlar iralnuals nay te hr1(flhl to the site only when 
needed aul fi;tmrih lt( Imy hn lranispoi)rt vuliclo with only i 
mirimal ne(e(d for ';preaIr(tl n I.fllnri( h ';me hiasic 
lools i-nt eiqitjihi) eril ijsunt for msirlfiwortk ;preil h ir rtimaytie 
appropriale Adt"itioiinail unieriru. Iate Io iuijiiei ithased ap
t01S mclirihe spreader oxos armid srspreaders, which are 
l)articilar!'/ ';i iled I finer rialorails li(? screeiirij.s fur water
maur :i aim ani. cipri tr ..- rr.,l i roads 
taeftile 11 ,; (rli of lhe i)rodlictivilie'; ac'lieVe( Il h0Inda 

a..hih t (-rncr of pw)atiwilly ivalah ,ocaomiilact r 
tiI oii'tliI I IinI ) 1 2i,loi i w t i!lI.,ir rlul;ui''';ilhi ly 

(ii ~ihifor
, ii,'iteriil,; 
tii'-iu ;liarru 'it; unr(; nelf-jpr ou ir iowed 

:oh -wriv (r ijl- hit!',v( thi, .l(tJhirii('ril
 
lurrm(ly ueh(lI or iy 

hf 	 i/Y i i(nnli)mw, :ire din wcifici l'/ (r n'niii t -fi ;I(tiir I ,je i)ic

(il r m,i;Iim jJi otn::iiin)ltioin lu inrd t(,ii i t rnru(;irl f(liil( 

uoairunlrf:;likeiihi im ltId,tTii ,''f I()'Il m io 'l' uttliniIr
 

li, u;uniurne ,/hi'y 1b-ar , 'nOIf-Iarr Irhor, is Ihue 
propelled -nooth wheel roller whicih rriy, ihei- ';cd with rca
sonaihle succ'ss for esser Iialiy all co:c)tIlio (iftart'; (5, 11) 
One uhficulty is thait lie cGipactini (nqiuije erit is f(relfuerItlyi 



Table 12. Classification of compaction methods (11). 

Engine- Powered 	 Muscle-Powered 

Cohesive Non-cohesive Cohesive Non-cohesive 
Materials Materials Materials Materials 

Equipment- Heavy tr ctor -,oweo Helaivy tractor-towed 
Based sheeplfoot rlh-r vihratirtIn. s,.rtlh roller 

Heavy rr ciror-!o , He ivy tractor-towed
 
rut)fher-tlrr(; roller (Irid rui!r
 

Heaivy .	 Self-Irotelle Ifictor-towedt 

grind roller vilbratir j sm ooth roller
 

Self-prop:,lied Self-preprelled
 
rulber-tired roller vrtratlog plate
 

coi Ipactor
 

Weight released from crane 

Self-propel led smooth roller 

Semi-Equipment i Agricultural tractor- Animal-towed 
Based towed sheepsfoot sheepsfoot roller 

roller
 

Agricultural tractor-powered
 
srrooth roller (piggy-back)
 

Agricultural traclor-towed Animal-towed smooth roller 
smooth roller 

Agricultural tractor-towed Animal-towed tired cart 
tired cart 

Hand-held mechanical rammer 

Hand-held rrmechanical plate or roller 

Labor-Based 	 Weight released from tripod 

Animal or hur rai feet 

Hand ranmier (or punier) 

too large for the scale of an otherwise manuaily-rur job, Materials Production 
leading to underutilization of the equipment. It is riot uncorli- Stone, irr its ral sae criisiel. or broken, is extersively 

Moli to find coMipactiorl equipIrient being used for only 20 Used in road constction arrd often accourits for a significait 
percent of the rime for which it is available. portionl of corns.truction costs Suitable ag:grectate. nay he 

Arrionq the more ritermediate alternalives are arimoal- arld naturally avatlale near the site. hut more oferi it is rncossary 

tract,r- ra',i corpactlori equiprirerit The cost commonly to break arnd rsh quirried rock arid or hollk!urstlo ublari 

seen of these usthe a irnral-drawi. rhbber-tlired cart altug', a11r t11OLof ;tpprupruarle size hipe ll ris' irijt Pf-uod o

so of rolers lowen or powered by tractors is hecoillg iioii of siuutall t jl(1(i is,r(li lrt, qiilll'/ i rmlonallrt'o , 

ill Iow-uililr t rorsI ci. sturlu:Ourr l l rriuti ;i irurol;i Olfoxrureasirugly colnirrlon In lthe eartl part of ths-celhry, horse-
ulravri rollers were still beig tsed !uriNorth Afriueuoa al lougli cavauiu moOr i r ituoroi ilove 'li:1(' l on tfroui 

they wor, rapidly nenr replacedI hytooow rt rIller; FILle exc,"vat. i ,iJro).huii llu) r l w ; niu( It ( :( ;; (m Ille 

12 shows some rmethods that wuret rs wdth vatr,/I Iteutreis reikrirt it d (Irw iti (u[)i rllw1 l h i, r I s,' I, , ( tttit .i 1 

u t r f us 'r in, oliri(lii i il of suijccess inl Irndoflesi'a All i riati e,,' little is krio,r (paJMit I. !lr .Owururonl 

abutl( t1ese inte[r itediale alterriit es lilt the traiclor-lo,,'.'eu( thuS r(lrwr 1i II ri rl (if uth:( i" ,t0ilhm;? 0 ht 

or powued optli presentlly see the most protise 'ity II it ht II,; to hol lrodiJCti lIuil On ,0111'. i II ,,,eiili. ralInllr 

r n t luIriupmutofor succes'. parlcillarl', 'herl corn)o ct ori st,- (Iruls iu in io r 


shrqntly lowcrecl 1 l est 13s *oust of
us flnes- of labor-baed anlerrr;ituve;; ilriable itt i u;r ,ro,rl itt ltu'hrlive 

irud eveni tinc ha r hdin neclai, ical alteratlives iv [rlardy r" ,f. i jrul. t )r0(tfi:ni ri Irs a irn(iidn ,orio a 

rem,,I-ced to are;s fhieret utfc' egquipirierit carlllt ,'ioOIs of roperale. aL - iton-bae Pr iim, , rn tr l tie 

i;jch ., ,i r I t s a)rid inext to strucltures ise of two hlr w ; 'I(,j()eo irlirior,, of sro ie 3-5 kg for 
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Figure 12. Experimental compaction methods tried in 
Indonesia (11). 

Bullock-drawn smooth-wheel roller: concrete shell at ends of oil 
drum to support axle, ballasted with water and weights on 
draw-bar with counterbalance behind roller. 

...... 
4 "7. 

Hand-held mechanical rammer: vibratory plate at toot of column 
supporting power unit and steering handles. 

Table 13. Comparative costs of alternative methods of 
aggregate production in India and Indonesia (10). 

Total Production Cost
(Rupees/ton) 

50-mm output 10-mm output 

Method (200-mm input) (100-mm Input) 

Line A Line B Line A Line B 

50-60 ton/h crushing plant 
loaded by traxcavator 15.4 20.4 23.0 30.4 

6-8 ton/h mobile crusher 
loaded by hand 12.5 16.6 18.7 24.8 

Handbreaking 7.6 13.5 21.8 33.8 

Note: Total production costs include supervision and other o e r d. 
overheads. 
Line Aconditions correspond to good supervision and 
piecework (daily earnings: Rs9); Line Bto poor super
vision and daily-paid work (daily wage: Rs4.5). 
1976 market prices are used. 

two-handed use, and knapping 1-ammers of some 0.5 to 1kg 
for one-handed use. Table 14 jescribes a manual breaking 
operation observed in Pakistan insome detail. This is a task 
requiring considerable practice and skill to be effective. The 
size, shape, and construction of the hammer as well as the 
steel used inthe head may have an important effect on the 
achievable output. For example, in one of the World Bank's 
demonstration projects in India, the use of a 0.9 kg hammer 
yielded 50 percent more output than did the use of ahammer 
twice the weight (11). Available evidence suggests that even 
in low-wage areas manual stone breaking becomes uneco
nomical when the desired aggregate size isbelow 15-25 mm 

Equipment-based alternatives include a wide variety of 
types and sizes of mechanical crushers: the impact breaker, 
hammermill, roll crusher, and jaw crusher, which may be 

Bullock-drawn sheepsfoot roller. concrete shell inside oil drum Figure 13. Simple mobile crusher (6-8 tons/h) with 

holding lines and axle rigidly, ballasted with water. integrated screening equipment (11). 
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Figure 14. Reorganization of crusher installation in demonstration project in India (11). 
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Note: Improved set-up and costs reduced 20 percent 

Table 14. Manual rock breaking operation as observed in Pakistan (5). 
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mobile as well as fixed installations, and the gyratory and disc 
crushers, which are usually permanently installed. Unlike the 

Table 16. Retaining wall design options and their 
potential for equipment and labor-based construction 9 

stone produced by manual methods, stone from a crusher is (15). 
variable in size and must be sorted, generally by screens 

~attached -to-the--crusher;--unless-, crusher-run- or-cdensely 
graded material is required. The design issue of gap versus 

- . . .oenilfr: 
_ _I__________ 

densely graded materials also comes into play here. The Type Equipment Labor 
smaller, mobile crushers (Figure 13) can be effectively used 
on labor-based road projects, particularly for produ'cing the Mass concrete 
smaller size aggregate. Labor can still be employed in pre- (with "plums") Fair Good 
breaking the materials and loading them into the crusher. As Masonry/brick face, 
indicated in Figure 14, the layout of the crusher installation concrete infill Poor/Fair Good 
and good organization of the work force are important to an 
efficient operation. Masonry/brick Not practicable Good 

Structures Reinforced concrete Fair Good 

In addition to the road itself, culverts, retaining walls, and Timber crib Not practicable Good 
bridges may be included in low-volume road projects. Struc- PCC crib Fair Fair 
tures by their very nature tend to be heavy users of labor even Wire gabions Fair Good 
in largely equipment-based operations. As in the roadway 
itself, the design and the materials to be used exert consider- Sheet piles Good Poor 
able influence on the relative appropriateness of various . 
methods of construction. Moreover, structures are potentially 
large users of typically scarce, often imported, materials such Table 17. Bridge design options (up to 30/40m total 
as cement and steel. Therefore, looking for means to increase length in two or more spans) and their potential for 
the use of local materials in structures may be equally as equipment and labor-Eased construction (15). 
important as looking for means to increase the use of labor; 
fortunately, these two objectives tend to be complementaryonesones. Potential for ... 

Tables 15 through 17 show a range of design options for Element Equipment Labor 
culverts, retaining walls, and bridges, each with an indication 

Foundations: 

Table 15. Culvert design options and their potential for open excavation Good Good 

equipment and labor-based construction (15). cofferdam Good Fair (limited by 
use of 

Potential for .... sheet piles) 

Element Equipment Labor 
caisson (well-type) Fair Good (needs 

simple lifting 

Pipe: gear) 
precast pipes Good Good piles: driven Good Poor (severe 

(machine made) (hand-made size limitation on 
limited) size of piles) 

corrugaged metal Poor Fair bored Good Poor 

Arch: Abutment and piers: 
masonry Not practicable Good mass concrete Good Good 

brick Not practicable Good reinforced concrete Fair Good 

concrete Fair Good masonry, brick (solid 
(high formwork 

content) 
or skin) 
or blockwork Not practicable Good 

Box (r.c.) Fair Fair/Good 
(high formwork & 

Decks: 
RC slab/slab and beams Fair Good 

reinforced content) RC slab and steel beams Fair Good 

Wall-and-Slab Poor Good steel beam and timber deck 
(masonry/blockwork or filler arches Poor Good 

walls & r.c. slab steel trusses and timber deck Fair Good (may 
or filler joists) need crane for 

Inlet/outlet work larger spans 
masonry Not practicable Good and sections) 
concrete Fair Good timber trusses and deck Fair Good 
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as to its potential for using labor and equipment in construc-

tion. Drainage for simple earth and gravel roads is often as 
important as the actual configuration of the road itself. Ample 
provision for the water to get away in the form of scour checks, 
drainage ditches, .and.runnouts..may. for- example,.alow forw. 

relaxation of gradient standards: provision of appropriate 
drainage structures may prolong the life of the road. Findings 
of a study inNepal report that concrete pipes made by hand 
in steel molds may need to be 50 percent thicker than spun 

pipes for equivalent strength (16). Where large stones, rub-
ble., or locally made bricks are available, their use in culvert 
construction seems desirable. For retaining walls, a wide 
variety of alternatives to the more standard concrete con-
struction presents itself, dry rubble walling may be a particu-
lary appropriate option. Bridges on low-volume roads might 
most appropriately be limited to largely timber or masonry. A 
first question to ask with regard to bridge structures, however, 
is whether or not the bridge is really necessary. In many 
developing countries ariver that a bridge crosses may be dry 
10 or even 11 months of the year. Alternatives to a bridge in 
such situations include a buried drift (ford) built with its top 
surface at river bed level, or a built-up drift (causeway) built 
with culverts underneath, 

Differences in the performance of these alternatives may 
certainly be expected and will be reflected in maintenance 
costs as well as in initial construction costs. Moreover, the 
appropriateness of various maintenance methods may also 
be affected, 

RESOURCE PRODUCTIVITY: 
ITS MEASUREMENT AND IMPROVEMENT 

Productivity Assessment 

In order to more explicitly and quantitatively compare these 

alternatives in low-volume road construction technology in 


time and cost terms (Chapter 3) and to begin to use them, 

productivity data and output norms are needed 


to assess the probable cost of the work for budgetary" 
provision (estimation); 

* 	to evaluate the resource requirements and time for con-
stiuction (planning); 

" to appraise the physical and financial progress, estab-
lish piece rates, and other incentive schemes (control); 
and 

" to ascertain the appropriateness of the methods 
selected inview of site experience (evaluation). 

Productivity isdefined as the ratio of output to input under a 
specified set of institutional and environmental conditions. 
Output isthe quantity of work done and may be measured in 
cubic meters, tons, liters, or square meters, Input includes 
materials input, measured inquantity terms of cubic meters, 
tons, or liters, and the resource time spent in doing the work, 
measured in man-days or hours, animal-days or hours, or 
equipment-days or hours. Resource time may be defined in 
terms of a number of levels, ranging from including all possi-
ble delays (general, site, and technique-related) to including 
no delays at all (optimal or idealized time). Productivity may 
be expressed at the activity, task, or stage level. Specification 
of the parameters defining site conditions, however, be-
comes more difficult as the number of diverse activities at one 
site increases. The range of institutional and environmental 
conditions to which productivity is potentially sensitive was 
given previously in Table 3. 

The sensitivity of productivity to various parameters, par

ticularly those specific to activities or tasks, is demonstrated 
invarious figures and tables throughout the above discussion 
of alternative construction technologies, Transfering data 
among p jects and regions ina single country is difficult at 
best: transferring data among several countries may 'be im

possible, The most reliable productivity data are naturally 
those recorded on the same site or similar sites within the 
same construction program. Because no country uses the full 

spectrum of technologies, it is necessary io rely upon data 
from elsewhere when considering alternatives. Manuals 
being published by the World Bank and International Labour 
Office (2,6), equipment manufacturer's catalogues, contrac
tor's estimating handbooks, and departmental production 
norms are probably the most accessible sources of informa
lion available on alternative road construction technologies; 
they must be used with caution, however, and only as a 
preliminary guide until local experience can be gained. 

Countries with a long tradition of labor-based construction 
techniques may exhibit higher, productivities than a country 
just beginning such efforts. Figure 15 illustrates the trajectory 
that productivity might be expected to follow in developing a 
labor-based program; the spread reflects the overall quality 
of management and incentive schemes. 

As for means of collecting productivity data on a local ,, 

scale, some sort of common framework is needed if the r,- ,. 
suits are to be at all comparable. This does not mean that the 
information itself needs to be collected ina uniform way, but 
rather that certain basic types of information need to be 
assembled in each case. The World Bank and the Interna
tional Labour Office produced a manual (18) for the collection 
of data at the very detailed level necessary for research 
purpoceq. This was applied in certain of their field research 
studies. Each has since developed shorter, more simplified 
versions for management purposes that are described intheir 
respective manuals (2, 7). Table 18 outlines the basic data 
requirements suggested by the World Bank where task-wise 
productivity studies are required. 

Means for Improvement 

Evidence gathered to date from the field studies and demon
stration projects of the World Bank, International Labour Of
fice, and others suggests that there is considerable scope for 
improving labor productivity in some of the more labor-based 
applications, thereby enhancing labor's ability to compete 
with the more equipment-based alternatives. Three key areas 
for improvement include 

1. management, organization, and supervision; 
2. tools, simple mechanical aids, and the skills necessary 

to use them; and 
3. general physical and social well-being of the workers. 
A wide variety of factors pertaining to both labor and
 

equipment falls under the heading of management, including
 
supervision, job organization, labor relations, incentive sys
tems, training, condition of tools and equipment, mainte
nance level, spares availability, and type of contract. The
 
need for effective project organization arid management
 
exists regardless of the technology used in its execution, but
 
the explicit requirements differ somewhat in the case of
 
labor-based construction. For example, the output of a single
 
piece of equipment is generally equivalent to the output of
 
several hundred laborers working in small gangs. One or two
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Figure 15. Projected trajectory of productivity in the course of development of a labor-based construction program (2). 
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Note: To achieve figures in Ihe higher part of the range would 
require good management from the outset, allied to favorable 
environmental conditions with well-fed, healthy labor. The converse 
of such conditions would indicate produclivities at the low end of 
the range, High incentives would also be required to achieve 
maximum produclivilies. This would imply gradual introduction of 

skilled laborers may be required to operate the item of 
equipment, while a dozen or more supervisors may be 
needed to watch over the work of the laborers. Moreover, a 
task or series of activities that may be done with one machine 
operation may require several gangs of laborers working on 
different activities, requiring careful coordination and balanc-
ing of resources and work. One bulldozer, for example, may 
carry out the earthworks task excavate-through-spread in one 
operation; but a labor force of 200 or 300 men with hand tools 
and wheelbarrows might carry it out as three operations: 
excavate-load, haul-unload-return, and spread. Adjustments 
in overall site layout and organization may also be appropri-
ate, The Chinese have found working at a number of different 
points along the project at the same time to be particularly 
effective. A good example of the importance of supervisory 
quality and site organization to labor productivity and unit 
costs is shown in Figure 16, based on data from India and 
Indonesia. 

.... 

Management systems that provide incentives for efficiency 

are one of the most effective means for motivating labor. 

26 

taskwork during the first two years of the program, followed by 
selective piecework probably during the second and third years, 
The zero on the lime scale represents the start of amain , 
production program, following a demonstration project, in'a 
country where the labor has little previous experience of 
labor-based construction methods. 

Three basic systems exist for labor payment in low-volume 
road construction: (a) daily-paid (muster roll), whereby work
ers are paid a fixed sum each day in return for working a fixed 
number of hours; (b) taskwork, whereby workers are paid a 
fixed daily wage in return for a fixed quantity of work; and 
(c) piecework, whereby workers are paid an agreed upon 
sum per unit of output, the daily output being left to the 
discretion of the worker. 

The daily-paid and taskwork systems are favored when 
local workers are used because the cash flow can be deter
mined in advance. Piecework payments provide the greatest 
incentive to labor, and are frequently used in countries such 
as India that have a large migrant population of skilled road 
laborers who travel from job site to job site. The task-work 
system of payment normally introduces higher productivity 
rates than the daily-paid system when local labor is involved 
because it allows the worker more free time to tend his crops 
or to spend with his family. However, the taskwork system 
does not offer such motivation to the migrant laborerwho has 
nothing to do with the spare time gained by compl'Iting his 

assigned work rapidly. 



Table 18. Data requirements of the World Bank's "Basic 
System of Productivity Measurement" (2). 

The bulk of productivity data required for the Basic 

System of Measurement can be extracled from records,/
 

... ll,- kepto-n-site for logistical, control purpose. 

such as muster rolls, staff timesheets, vehicle log 

books, and stock control records. The format chosen 

for analyzing productivity and production control data 

should enable information for the site engineer and 

monthly reports to headquarters to be easily extracted.
 

Basis of Measurement. All productivity measurements 
should refer to asingle task or operation. This isso even 
if activity level observations are being taken. In such 
cases all the activities comprising the task should be 
observed, and then aggregated to the task level at the 
analysis stage. _ _ _ _ _ _-

Input Measurement. The following items of information 
must be obtained: (a)a description of all types of re-
sources employed (e.g., casual labor; animals; skilled 

labor- artisans, drivers, mechanics; tools and simple 
equipment: capital equipment; and materials); (b)the 
number of each resource type, except tools and simple 
equipment; (c),a note of payment method; (d) normal 
site hours (hence total time); (e)where taskwork is in 
operation, the actual hours spent on site; (f) lost time for 
each resource or gang of resources, preferably mea
sured, otherwise reasonably accurately estimated 
(hence available time, by subtraction) (tools and simple 

equipment may b. ignored); and (g) working time for 
capital equipment, where this can be easily obtained 
from the engine clock. 

Output Measurement. The following information is re
quired: (a) a complete description of the task; (b)the 
measured quantity of output with the unit (e.g., cu.m. or 
pacted) (estimated output should be avoided 

pactd) estiate houdouput beavodedonstrate 
gangof abo, wichprouceutpt; d) he imehavehe 

gang of labor, which produce the output; (d)the time 
period during which they produce it, if this is not clear 

whenever possible); (c)areference to the resources, or 

from the input data (beginning and end date and 
number of working days); (e)where task work is in 
operation, a note of the 'piece' rate paid for the task. 

Output is usually measured directly at the end of a 
week's or month's work. Where this is not possible, 
container loads such as water tanker loads can be 
counted. Where loads vary between trips, sample 
measurements of weight or volume can be taken. Inthis 

case adensity conversion usually has to be made (e.g., 
from loose volume to in-situ volume or from tons to 
cu.m). The relevant densities should be measured. 

Parameter Recording. It issufficient to take a few spot 
readings or even to make estimates. All relevant 
parameters should be noted, but it is particularly impor-
tant that (a)the haul distance and (b)the excavation 
parameter (soil/rock hardness) be recorded wherever 
haulage and/or excavation takes place, Wherever task 
work or piecework is in operation, important paramet-
ers will automatically be required for payment pur
poses. 

Figure 16. Loading productivity as influenced by 
different supervision levels, payment methods, and 
loading heights (10). 
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Note: Observed data
1. daily-paid work with poor/lair supervision 
2. daily-paid work with good/very good supervision 
3. piecework payment with poor/fair supervision 
4. piecework payment with good/very good supervision 

Line A piecework payment with good supervision
Line A' piecework payment under average conditions 
Line Bdaily-paid work with poor supervision 
Line B' daily-paid work under average conditions 
Man-hours is in terms of working time. 

Figures like those inTable 19, which have been developed 
on the basis of experience inseveral countries, clearly dem

the beneficial influence wage incentive schemes can 
on labor productivity. The development and administra

tion of incentive systems, however, require careful planning. 
JbaayeJob analyses mustutbbe carried outu and a scheduleceueoof produc-rdc 

oae th benefici iue weincent schemestcan 

are n 
tivity norms established; the payment basis must be fully
understood and felt to be fair by the labor force; wage pay
ments must be made regularly and promptly; and there must 

Table 19. Effect of payment method on the multiplying 
factor for "standard" productivity data (2). 

Range of Factors by Which the "Standard" 
Value Should Be Multiplied 

Incountries with Incountries with 
little recent a long tradition 

Payment experience of using of using labor-based 
Method labor-based methods methods 

Daily-paid work 0,25-0.75 0.5-1.5 
Taskwork 0.5 -1.5 1.0-2,5 

2.0-4.0Piecework 1.0 -3.0 
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be flexibility so rates can be revised to reflect changing site 
conditions. 

The availability of proper tools and simple equipment, their 
quality, durability, and maintenance, and the workers' knowl
edge and skill in their use are critical elements to the labor 
productivity. The improvement and adaptation of existing 
tools-and techniques andthe-development of suitable new-
ones are a second important approach to productivity im
provement. A wheelbarrow designed with ball bearings can 
be 50 percent more productive than the standard wheelbar-
rows usually available in developing countries; similarly, a 
specially designed hammer can significantly increase the 
rate of aggregate production by manual methods (11). Inthe 
Philippines bullock-drawn carts traditionally used in agricul-
lure were modified to allow bottom discharge (4) (Figure 4); 
and a "Chinese scraper" was used as a model for factory 
production of a steel version, which proved to be both effi-
cient and relatively inexpensive to produce (Figure 3). 

Efforts to dale in developing intermediate technologies 
seem to have come from the labor-based end of the spectrum 
of alternatives, with the intention of substituting capital for 
labor in small increments. The net result isan overall increase 
in labor productivity sufficient to offset the increase in capital 
cost. While substantial improvements in labor productivity 
have been achieved by proper selection and adaptation ofconventional hardware, the more innovative devices have 

often proved to be less successful. Itmay be that the available 
hardware approaches the practical range of intermediate 
technologies and that prospects for any new intermediate 
technologies are limited (13). 

A orthcoming publication of the International Labour Office 
(6)discusses the proper design, manufacture, maintenance, 
and use of a range of tools and simple equipment potentially 
suitable for use with labor; handtools, animal-drawn equip-
ment, tractor-powered implements, and small motorized de-
vices are to be included. This promises to be amost valuable 
resource for countries considering using or already using 
labor-based road construction techniques. The publication 
may also serve to further encourage and make more feasible 
local manufacture of good quality tools and simple equip-
ment. Such local industrial development can be an important 
accompanimenf'to the successful implementation of labor-
based construction. 

Improving the h6alth, nutrition, and social welfare of the 
workers is a third major means of increasing productivity, 
Nutritional deficiencies, parasitic infestations, and associ-
ated ill health, as are common in developing countries, re-
duce work output, at least in those who do sLstained and 
prolonged physical activity as a major portion of their work. In 
a study of the Sharvathi Valley Project in India, for example, 
Malabari workers were found to have an average daily output 
80 percent greater than that of non-Malabari workers. 
Malabaris on the average consume better than 1.5 times the 
caloric and protein intake of the other workers (19). Figure 17 
shows a very consistent and significant relationship between 
undernutrition and low productivity during road construction 
in Kenya. In the case of iron deficiency anemia in Indonesia, 
largely caused by hookworm infestation and poor dietary 
intake of iron, productivity of anemic laborers was found to be 
some 20 percent less than that of non-anemic ones; a simple 
8-week treatment for the anemia with elemental iron was 
found to result in productivity increases of 15 to 25 percent as 
compared to the control group (20). 

Figure 17. Relation between undernutrition and low 
productivity in road construction in Kenya (11). 
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Note: The regression was based on data irom various tasks 
associated with road construction (220 subjects were included in 
the study), The incentive was that those finishing the task early 
could go home early; as most men were small farmers, the extra 
time was valuable. 

Insituations where workers are undernourished, provision 
of food at work to the laborers and perhaps payment in food 
rather than money would appear to be beneficial from a 
strictly economic point of view, quite aside from its humanita
rian aspects. Such a practice would be expected to reduce 
the level of undernutrition, improve health, prevent weight 
loss, and increase worker productivity and satisfaction. Simi
larly, providing iron tablets or iron-rich foods and treating 
common parasitic diseases such as hookworm and schis
tosomiasis would be expected to improve health, reduce the 
prevalence of anemia, reduce absenteeism, and increase 
productivity and well-being of the workers. These are only 
temporary measures, however; in the long run, public health 
and educational measures in the community, among other 
rural development efforts, are needed to control these dis
eases and improve nutrition. 

Further discussion of these issues pertaining to improve
ment in labor productivity is left to Chapter 4 as topics of 
concern in the implementation of labor-based road construc
tion. 

ROAD MAINTENANCE ALTERNATIVES 

The importance of proper road maintenance is not fully 
realized in some developing countries. In these countries, 
maintenance tends to be given relatively low priority in the 
distribution of available resources, financial and otherwise. In 
times of budgetary and resource shortfalls, it is typically the 
maintenancn program that is cut back. Even within mainte
nance programs themselves, emphasis tends to be focused 
on the major roads. Upkeep of the secondary and feeder 
roads, however, isvital to the development of the rural areas. 
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A well organized and properly administered maintenance 
program can lead to reduced construction costs, reduced 
vehicle operating costs, and deferral of major reconstruction 
costs, thereby releasing funds for other projects. 

Maintenance operations are of three basic types: 
" Routine Maintenance .- those operations that should be 

carried out several. times ayear-in order..to.uph1od the 
services of the road and to defer the need for resurfacing 
and major repairs; for example, ditch and culvert clean-
ing, pothole and rut repair, and patching. 

" Periodic Maintenance - those operations that need to 
be carried out only a few times in the life of the road. The 
objective is to restore the facility more or less to its 
original standard, perhaps by regraveling. These ac-
tivities are actually capital improvements rather than 
maintenance operations, but they are often termed 
periodic or recurrent maintenance because they are 
often undertaken by maintenance personnel. 

" Emergency Repair - those operations that need to be 
undertaken after the partial or total collapse of a facility, 
usually as a result of natural disasters; for example, 
replacement of a bridge washed out in a flood and re-
construction of a road swept away by a landslide. 

Organizing for Maintenance 

Itisduring the planning and design stages of aroad construc-

tion program that a maintenance program should be estab-

lished, and funds and resources allocated for it. Moreover, it 
is then that the trade-offs between~cdesign and construction 
anisntenahatthetrade-offsibetweenedesi anconstucon 
and maintenance, as discussed in Chapter 3, can be taken 

ninto more common asconsideration. The idea is becoming
lending agencies and governments grow increasingly aware 

of the need to place greater emphasis on road maintenance 
in order to safeguard their initial investment in construction. 

Planning for maintenance is particularly important in the case 
proect, whch re asa rule designedof lw-vlumeroa aa ule esinedof low-volume road projects, which are 

and constructed to fairly low standards, and may therefore 

require relatively more maintenance for the volume of traffic 

carried than would higher-standard facilities. 
Maintenance operations by their very nature tend to be 

rather large users of labor, even in industrialized countries, 

The organization of maintenance works tends to make them 

suitable to the use of either labor or equipment. For example, 
one ormaintenance operations might be organized using 

more of the following systems (21): 

* Lengthman System-A lengthman carries out all routine 

maintenance operations over a fixed length of road using 

only hand tools. A large group of lengthmen is as-

signed to one supervisor who can usually provide a 

supplementary mobile gang to handle larger tasks. Min-

imal mechanization and good workmanship are the main 

advantages of the system; but such a system is neces-
sarily limited to use for low traffic volumes although itcan 
be extrerfiely cost-effective in this situation. 

or more men and a motorPatrol Gang System -Three 

truck form the basic unit, which might handle routine 
maintenance of 60 to 150 kmn of road, carrying some 500 

to 3000 vehicles per day. One field supervisor might 

direct ten patrols and allocate the tasks they cannot 
handle to a few small mobile gangs. A high level of 

performance in terms of inspection, fault detection, and 
repair is generally achieved. Providing a small wheeled 

tractor to the patrol substantially improves its output; 
other than this, the system is somewhat inflexible, and 
productivity is hard to improve. 

* 	 Area System - All maintenance resources for an area 
are concentrated inone center. Each area is some 130 to 
290 km of road, and the labor strength is approximately 

..... 10 men. .nspection.consists.of noting the Imost urgent 
and serious faults. Crews are made up daily to handle 
the different maintenance tasks. This system is best 
suited to a close network of roads within a relatively 
limited area; there is some delay in fault repair, and a 
somewhat lower level of service for minor repairs than 
previous systems. 

e 	 Cyclic System-Once maintenance can be scheduled, 
it can be carried out by organizing units to cover each 
section at the required interval. These units might be 
assigned to specific tasks over a broad section or all 
tasks over a small section. A high degree of mechaniza
tion and specialization is possible. This system is most 
applicable to rather high-standard roads with known 
traffic volumes where maintenance needs are more pre
dictable. 

Although this particular description isbased on experience in 
Australia, these various systems and combinations thereof 
have been observed throughout the world. Egypt, for exam
ple, practices a mix of the lengthman and area systems for 

routine maintenance operations. The individuals along the 

road primarily serve to observe its condition and report it to 

the area office, doing only minor shoulder maintenance them
selves. Many British colonies practiced some of the more 
decentralized labor-based systems as recently as the 1950s. 
Kenya's Rural Access Roads Program has been so succes,;
ful in using a lengthman approach to maintenance that the
methods are now being extended to minor gazetted roads. 

Increasing centralization, propensity toward mechaniza-

Inra sing ce nt andard s h aracter iz a

tion, and rising design standards characterize the progres

sion of these systems of organization and their appropriateness inuse. Routine maintenance of roads carrying low traffic 
v es is v e d ispers ed, reurn s a t il rcon 

volumes is v oersed, requiring small but continuous 
over a rather large number of separateinputs of resources 

points. The lengthman or patrol gang system is probably most 
occasional back-up by supplementaryappropriate, with 

gangs assembled locally or brought from an area office by the 

supervisor-inspector. The lengthman system can be particu

larly cost-effective where population densities are high so that 
workers living adjacent to the road obviate the need for ex

pensive transport, and a single supervisor and vehicle may 

handle inspection and wage payment for a 500-km network. 

Although these points apply equally regardless of whether 

construction was done by labor or equipment, it can be ex

pected that local participation might be easier to obtain in the 

former case, and an ex-road worker might perform better, 

with less effort and training, as a lengthman. The lengthman 
system is inherently labor-based and the patrol gang is 
necessarily somewhat more mechanized, although the full 

extent of mechanization is limited. The supplementary gang 

can be fully labor- to fully equipment-based in its operations 
depending on th . mainteriapr.e tasks themselves and how 
mechanizable'.,ey are. 

Maintenance Operations and Technologies 

Routine maintenance operations on low-volume roads in
clude roadside, drainage facilities, surface and shoulder, and 
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structures maintenance. The level of effort required to., each is terrain, and design and scope of the drainage system deter
afunction of environmental conditions, design and construc- mine the magnitude of work necessary to keep it functional. 
tion of the road, and traffic patterns. Many of the alternative Labor-based methods require hand tools such as hoes,
tools and techniques proposed for use inpertinent road con- shovels, and culvert cleaning shovels and wheelbarrows for 
struction activities may :also be suitable for use in mainte- transporting the excavated materials, some of which may be 
nance operat;0ns. The subject of maintenance of low-volume used in repairing the road surface. At the equipment-based
roads is just beginning to receive the attention itdeserves, end of the spectrum amotor grader, gradall, back hoe, and/or 

. The primary activity in roadside maintenance isbrush and . front-end loader, can be used inconjunction with one or more 
vegetation control inorder to keep shoulders and right-of-way trucks to haul the excess material. Labor isstill largely used 
clear. Environmental conditions such as rainfall, soil, and for cleaning culverts, although it could be assisted by high
plant types have a major influence on the frequency and pressure pumps and sewer rod cleaners. Atypical drainage 
scope of this operation. For example, inEthiopia, brushing by maintenance crew, without such assistance, might include 1 
using labor and hand tools indry weather zones amounts to motor grader, 4 trucks, and 25 workers. 
0.4 man-day per kilometer per year, while in high-rainfall Ina ditching operation, a grader cleans the whole ditch and 
areas it is as much as 2.9 man-days (22). Labor-based road- reshapes it,and can at the same time maintain the shoulders;
side maintenance requires labor and hand tools such as a labor cleans and reshapes the ditch selectively where 
,pythe or slasher for grass cutting andabushknifeand/or axe needed. Use of the grader presupposes a certain width of 
for brush clearing. This activity can be effectively handled by road and isdifficult invery hilly or mountainous terrain. Finally, 
alengthman as long as the section size iscompatible with the as indicated inFigure 18, the shape of the ditch makes it more 
vegetation expected. Alternatively, mowers of various sizes or less suitable for maintenance by labor or equipment. De
and configurations might be used, from small hand-mowers centralizing the process, as with the lengthman system, could 
to large 5-to 15-foot tractor-mower combinations and mow- be expected to make the labor-based approach more com
ers. Steep slopes, as well as trees, rocks, and other impedi- petitive. A major advantage of this system as well is the 
ments in the area to be mowed, are common inlow-volume timeliness with which potentially damaging blockages in the 
road projects, however, and can seriously limit a mower's drainage system might be observed and corrected. 
effectiveness, Surface and shoulder maintenance activities might be 

Maintenanceof drainage facilities, which should be the first broadly grouped as those pertaining to unpaved and to 
priority under any maintenance alternative, entails cleaning paved roads. A smooth surface and good camber, which 
and keeping open side ditches and culverts. Excess water is allow'water to run quickly off the surface into the side drains 
an enemy of roads, and keeping it flowing and away from the for dispersal, characterize awell-built road. The primary ob
roadway is important to road performance and life. Rainfall, jective of maintenance ispreservation of these characteris-

Figure 18. Typical cross section for low-volume roads assuming some 200 vehicles per day (13). 

Shoulder Carriageway Shoulder 

LABOR-BASED 	 With a bottom vidttl of about 300 mm (1shovel width), this section 
can easily be dug and maintained by hand, but would require
specialized machinery. 

Shoulder Carriageway Shoulder About 3m 

• "".:G. 	 L. 

5 2 

EQUIPMENT-BASED 	 This ditch section is easily cut and maintained by agrader, but 
less easily by hand. 
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tics. Traffic, both volume and type, is a major contributor to the Figure 19. Towed brooms used for maintenance of 
deterioration of the surface; overall design and environmental unpaved roads in East Africa (7). 
conditions are other factors affecting the rate at which this 
occurs. Inthe Case of low-volume, unpaved roads, e.g., earth, 
gravel, and crushed rock, the primary maintenance activities . - -. 
include (a)repair, fill, and compact potholes and ruts; (b)re
place materials moved by traffic from the roadway to the 
shoulders and-slopes: .and (c).keep surface,_shoulders, and... 
slopes smooth. Aparticularly difficult problem in the case of . , 

earth and gravel roads is removal of corrugations. 

Fully labor-based maintenance of low-volume roads might 
require ahoe and shovel for repairing the surface and replac
ing materials thrown off the roadway onto the shoulders and 

slopes, a pick-axe for excavating soil and gravel for repairs, a 

rammer for compaction of repaired potholes and ruts, a 

wheelbarrow for hauling materials, and a rake and broom for 

smoothing the surface and shoulders. In cases where the 

wear is heavy, it may be necessary to periodically supple

ment the roadside materials with additional gravel or broken 

stone. Under the lengthman system, the supervisor might 
supply this in the form of small piles along the road; otherwise, 
a small supply of materials might be brought with the laborers 
to do the work. Routine maintenance of unpaved roads by 
labor alone is most suited to areas where traffic volumes are 

low and inspection and reparation are regular. The lengthman 

system has proven to be very effective for gravel roads built 

under the Rural Access Roads Program in Kenya. Each 

a former road worker, is responsible for 0.5-lengthman, 
2.0 km of road. (The current average length per contractor 

Ilengthman I is 1.6 km.) He is paid the equivalent of 12 days a 
nomonth for this and tools and materials are supplied at 

charge. It is presently intended to supplement this routine 

maintenance with regraveling every eight years or so (23), 
so often wherenot be required

although regraveling may 

traffic is low, except in hilly high-rainfall terrain. 

At the opposite end of the spectrum, trucks, motor graders, 
and laborers with hand tools might be used for routine main-
tenance of unpaved roads. In extremely dry climates, a water 
truck is sometimes added to achieve the proper moisture 
content for blading-grading, followed by a roller to compact 

the surface before it dries. This is extremely expensive, how-
ever, and is to be avoided where it is possible to do heavier 
bladings during the rainy season. The basic differences be-
tween the use of labor and equipment in surface and shoulder 
maintenancearesimilartothosepertainingtotheditchclean-
ing operation, namely selective but frequent repair and re-
shaping versus more intermittent grading and reshaping of 

the entire surface. At a somewhat more intermediate level, 
truck, tractor, or animal-towed brooms (Figure 19), drags 

(Figure 10), blade graders (as used early this century in North 

America), and waterbowsers (Figure 11) might be used in 

conjunction with labor and hand tools for routine maintenance 
of unpaved roads. 

Bituminous surface treatments are the highest pavement 
staadard usually used for low-volume roads, with a single or 

double surface treatment being most common. Routine main-
tenance of these surfaces entails sealing cracks and patch-

ing areas in need of repair. Maintenance of the gravel and 
earth shoulders and slopes follows that of unpaved roads 
except the scale is considerably reduced andabor more 
frequently used. As observed above, maintenance of shouas one operationders and ditches is frequently handled 

where eq uipmentis used. Cold repairs of cracks, breaks, and 

the roadssurface can be made by laborers usingholes in 
as shovels, hoes, rakes, cans,standard hand tools such 

ladles, and rammers, bitumen emulsion not requiring heating, 

and fine aggregate or chippings. As in the case of unpaved 

roads, repairs of minor defects in the surface on a continuous 

basis can go a long way toward keeping the road surface in 

be done entirely by laborers with
good condition, and can 
hand tools. 

As long as the repairs are relatively minor, more 

equipment-based approaches might simply include the use 
of a truck for transporting the labor, hand tools, and premix, 

and for compacting the repairs; a small roller may also be part 
of the crew. The use of hot bitumen will require the addition of 
a kettle or other heating device. 

Repairs to structures, namely culverts, retaining walls, arid 
bridges, tend to be largely labor-based operations. The exact 
nature of the activities and materials required are a function of 
the particular type of structure. Conscientious maintenance of 
lower-standard structures, as of lower-standard roads, is 
critical to their performance and life. 

In summary, it has been the intention of Chapter 2 to give an 

overview of the full spectrum of technologies available for 

construction and maintenance of low-volume roads, Attention 

has been deliberately focused on construction and on the 

labor-based end of the spectrum of technologies. There is 

generally less known about these alternatives, and this is 
where knowledge has been sought in recent years. Having 

discussed the available options and their potential use, it is 
appropriate at this point to structure a framework within which 
one might begin to compare potentially interesting alterna
tives. 
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CHAPTER 3 

Framework for Evaluation 

Itisclear from the preceding chapter of this synthesis that a 
broad range of alternative leccl oogies exists that might be 
USedt iii Iow-voturrie roadf conructrion anld nfairntenanlc. friplhi rUingif) the trodtin ori of new alternatives, various levels of 
colsimrtirn arie. iPiehuihtint t~re conditions of Ire COairrry 

aidl{ its roji I COrrutniCtio(ri f iroqicliri tie lyP)(5 of react projcts 
geoieraly eric{i tri{ . t specific tow-vohme react proj
ects anii lectir uloqes Withilr each,]. ceram echn ilcal,fir1r)-c u r i Hlf e c e r i~~ilii~'s s u s ec';}IOflf t:; IOSI a? of{.( f C orice.rri ~i c ~r r i ,Itat vairya r y iifir]cClail, Cf lic jil ;o.(-,i;il (} 

levels 0f tlet I It i, l i)':e (if ftI cii plolrtr of he synithess 
to set III) .t hrrie i r tie tOroaid level poicymiak-I h :t 
ens ii thle t;rtlortiti{rt rrir~ty. llarrier!; of roail proc{rartiS, 

arid hide ,lf jeer'- ii the uaitIO (tiority iglht tiehqri tol ook 
,1ttheseo; r t i t iesldi seile of Ire trelarti iivatlaltie for 
lelir fhrtiir ,lely'i 

A thr-e ltered ,;stri eri is, siwgjetecl 
1t eturlicit1 fewishil y is fthe llerriitive lechniclly prac-

ticaL le to use i fer ire (livenr corirtitori;: 
2 Fin c:i leisuhlaty is lie ilterrufative tha is cost-

effclive ,vher tle resources ate pricer] al lheir prevehiitg, or 
i rarkel co;ts: rd 

3 Soucru e.rr ii.; (e;lsi tII itllterruathve iat irivclvesorf llty 
Ife l ;tcost, where lte e.iirces are valiuert at lheir shadowt 
p(res(:e Wlh ray it;ill)ly rflle(tI he tirue relative s:arcity of 
the, rc.sol rues; ; or inry qj} hirt r t1oreflect cerlain developrIerl-
lal oblecuv{;,; ,vrwell 

II lIris chiapter vs itt te earlier chattler of this syritiesis, Ihe 
iocus ofi illtorri, tive lechriologies Ihe evaluiaion arid as-
sessnien of prugram arid protect alternafives are discussed 
only to the t .rtl rnecess;ary to accorplish it fair appraisal of 
tie techiriolic! , I rtrlatves ProjeCt evaluat~ir is a vast aimid 
growiiq strject ab)t which rianry books have been writlen, 
Some stiidird refereices are OECDs Manual of IricJstrial 
Proect A ioirys Ei Croritcnes ty I.M D Little arn]Govelop/rt 
J A Mirrlees (24), UiI DO s Guide/hres for Project Evaluaton 
(25), Little iat] Mirruecs Pio/r;ct Approsal and Platurr for 
Devel)puq Cotiurtes (26). atl Squire aiLd van cler Tak's 
Ecoromic Ahialysf of Pro/ject;s (27) The sutiect here is dealt 
Willh i) le conlext of tec otitoqy choice iII road consruction 
and irraineriarice 

TECHNICAL FEASIBILITY 

The literal defuirtihri of feasible is "capable of being done or 
carried oLd. a second dfefinitior; is capable of being used or 
dealt with succesfIrlty suiltable' This sycrliesis uses the 
second defiriton 

All evidence poiits-to te techricul feasihilitv of a range of 
lechnieleqe for rise iri ow-voltrie road coristruction arid 
rairinarice, sulet fri ctrte1 i qialhficaliors. I hese qclahrfi-
cationis can hre broact(lv Iro! ped as 

I Product (IuI.ahly arid de.SlYrf, 
2. Project lype irt tiri., arid 
3. Avalithlity of resoirces. 

Product Quality and Design 
Historical evidence, like fhe first German autobahns, and 

present-day works, like Mexico's Labor Roads Program and 
Kenya's Rural Access Roads Program, suggest that labortasec( melhods carn prodfuce roads of satlisfaclory qualiy,Most niajor tasks of road corstruchon can bo carrie] out 

raty ret i l ir ierit-bals( . ( I r i e( t h ords. IBR ID's iritial s tu rly . i i fa ct. re

torterd fiat it is lectically feasible to s;ubsliltite labor for 
eq ipm.,irrt i ill tit 10 to 20 percent of tl l direct costs it)

ohlrjh-(jiihly roads, arid all t)ut 2 Io 15 percent III riler

Ifre(iatl-Cjuall'1y oIes, (28). 
Ihrere are cerlaim asks for wIch tie use Of lahior-tiased 

nethods is either very iticiuli or p)rouces art inferior prod-
IdJcThese include Ihatulagle of imiltenrals over long distices, 

con ctlerO of ialurls., proicthhorr of certain ,(-(Jreg"Ile 
gra(ings, mixing, plig, ;uid !ar iaejor roas, Mate.urfaingIfl of 
rials Iraisport is art exarruple, ilustraled hy Fiqire 20. There 
arr al.;o crtar acltivitlies lhit car actuially be dorre heller 
lechlirically by labor or lhalt can feriefil fron ithe aftiptabilily of 
lahbor-baser] rreliocs. Selection of materials for excaivatons, 
ise of sitrall kllarrlos, arId treCLuerrt chfarl(es ir] rtesiojr are 
some examples Figure 21 dertiorislrates his pointl of resicrl 
flexibility over a 17-kin strelch of roa ii In'ia 

Any corrifiralio of lechtroloqies may iI Ifheory be 
specified for lie various fasks, bill iII actual praclice Ire use 
of a particular technology for one task may (ictate Ire use Of 
tie sarire or similar technologies for sormie orall other tasks of 
lhe projecl. For example, hating] is one eleneir it the overall 
operation of excavate, load, haul, unload, aid spread Use of 
a rflrItM Iruck for liailing and uritoatidrig cfctates use of a 
rechanical rireariS of loading because niMarial Ioatting would 
involve expensive slanding lime and air increased nmrt)er of 
Irucks to achieve a liven oulput Usin.g a Iraclor-trailer com
trriation will) more lhairi one traitler, o Ire olher had, would 
Involve only tie trailer's starirfiriijduring riarhnwil oirtiri while 
he more expensive element, I traclor, would he f illy 

utlihzecd ii haulirng trailers back arid forth 
The design of the iproject May sigjniificanlly IriflnLerLce the 

suilIahtiy of the construclior work to he use Of liOre or less 
labor thecause soeir tasks carrnot Ire conie well hy labor 
witlhoue generatig hii costs olhers tay heielitl from he 
adiaptaility associcated witli he gjrealer rse of laior, and 
irTixirg of technIologies faces ceram constraints 

Four exmiples are preselert telcow to illrut IrateIfie rlerc
lion beltwe design ahd coilslrutor triethods fIt fir-t two 
exriMtp)les ilisrate a ileree of rcrjrrfly whereby e aspect 
cor strams ,ie oiher the first exatipleistru;lOrltnrqIh. dspc 
to lit Ire consrUCiorI tfio. "s.Ii Ihfatl favorsM; tie1r1100.0i a 
effective dise of ftachiery rt-fsiseIi; develotiert for eit 
corisflruclionr FIre Seconsd exarrmplce represents the opposile, 
fixing the desinii while leavrig open Ihe clhice of conasirIc
tron Metehod. More oflen than riot, firs pils the lator-fased 
methorts it l ctisacfvarlate becOcause mnodernt designs lenct to 
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Figure 20. Total production cost to haul distance relations for the earthworks task inborrow to fill (13). 
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have an inherent bias toward use of eCIluipmnent: nevertheless, 

methods uJsing more labor are often still able to compete in 

low-standard graivel ani I earthi roaids 


The next two exarrples represent mrore flexible scenarios 
given an interest in coriiferirig alternative t chnigries Of 
construction n lh thnirdt e~xample the gomretric ailignmient of 
the roaid is relI conistant wvhile thec palvei ot (esigil is aIt-
owedt to vary wihthe techiniquex of coristruction, ailthough 
the stritral streiiqtn ir i litrailty of lie alternative paV(2-
rreiits miust tie, the sairri I fe net result is that1 cornstruction 
cost remains theu overni firt criter-or for selection inng the 
alternative tess fins Differernces in rminiteianrice aind operat-
ig Costs might. Withr sorre reservation, be assuried riegligi-
ble. It ShOillt be rioted thalt Sti](teS in)Indial st.igest fiaric-laiCI 

Assrried uir)killed labor dlaily wage is U S $0 5 
Results for aninials are upproxirmate clue to variability in true costs 
of ownership, upkeelp. etc 
1976 prices are used 

surfaces have higher surface roughness and thuJs higher 
vehicle operating costs, all bough it may be possible to over
comte this throughI improved guality control and dlesign adt
justinent (11). Table 20 shows sonic of the options available 
for pavemnitrt materials with their respective appropriateness 
for coritrcton Ihy labor and equiprmerit With a fixed road 
alig(Hririei. the1 voIlumes Of hulk earthwork excavation arnd 
!rllinn i101iCrribarikrrerts are to sorme extet fixed Neverthe
l5,the ;ite er iginleer call riake the protect more or less 
SLJIlafle to use, of labor through controlling hauil (titarices by 
size rurid location of borrow arid spoil area's, cornsidlering 
h ardness of soil to be excavated. selUClVe Use of gravel 
excavated for tIases andi 5-LAitise, andr vatriation in pave
mnit thinckntess along the route to rrirniize overctesigri. 
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Figure 21. Pavement design for First Indian Road Demonstration Project (13). 
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Table 20. Pavement design options for low-volume 
roads and their potential for equipment and labor-based 
construction (15). 

Element 

Suh-hase 

i-siti SOil 

irnporled 

B.ise 
iI-sitllJ soil 

Potential for 

Equipment Labor 

Good Good 

G ood Good 

Good Good 
(compaction) 

(Iriv l (faIturally occurring) Good Good 

grvel (rieciarni cally stablizec) Good Poor 

stonie (crujsher rLnl) 

stonle (rIacidan) 


tlole (ltiuche() 


;one (Telford wedged) 

frick (crushed) 

brick (paved) 

stabilised (cement) 

slfablused (lime) 

concrete (plain) 

concrete (reinforced) 

penetration macadam 

Surfacing 
litLrien rmacadam 

asphaltuc conlcrete 

Good Not 
practicable 

Fair Good 

Not Good 

practicable 

Not 
practicable Fair 

Fair Good 

Not Good 
practicable 

Good Poor 

Good Fair Good 

Good Good 

Good Fair 

Good Good 

Good Fair 

Good Not 
practicable 

Note: 	 Consideration of comnpacliorr, a relatively innor ele-
rnent, is excluded in the above: it ilrrosl rivariably has 
to be carried oud by equipment Haul distances may 
also dictate the Use of eqilpIrnerit 

tuvutlme ire :)arlictilarly iripporoprolO for labor-based 
retlhofs The.ise of lit or-baetleclirrolo(lies ltids to be 
more feasifle for lower s5tl(tri roa(ds Third, cerlain wale-
rials may 5e onriltel frorr cons.ideriltioi when eqItipilelt us 

aif, althoniIf these _sarlie ilertfs irIn(Jr 1)isett he effoc-
hvely rII ufor-ots' foujporthorl,. lii fvice-versa Foith. the 

o iruluhy trfDune;-off-; he(i tne tiufetrof strengith airlt 
t)t.'hl:iO( triif~l ii iujild tie or (hi t ; , ,vithl t)Oiv l rll 
Sft F oss~t !11ir( li ofitllorirlitygr l li LV r rotle hus Cnn 
elihitrice th( s f, o if iir, wi cI can Iccoriro(ftle utn 
varltt ris %i flexlihIn/u trh 

The ()utrill rmiJti o)ottioii i)y it i fut t he iore de-
taule;n in )ec;s of th( iliurrient ;iicrh tihe (jilornetric (le-

sign, should be kept Iocaly varit)lo There are various aligrn
ment operatiors, for e: trnple, ht ireriot well ,-uited to 
labor-bas(.,l l(1hihr/iiwe5. tlo;e mci(e loi(j-hiul ;'irthwork 

operations, rock et,:C ivditiri, tiowi 0 /o(j_,)tl:lil ,! cluar

lint1 <tri.( l ) i.itldln , r . J i(1,1 

< i , I (ofthrl kif;, Itri i huI(";(" l 

rrii11' iir . : llili nI iii I', l 
tecl (ljlo i't; If i(: rI lifri i ow,t 
ro,:tJ i(ifittli lii', *,,.ii~t lr hii t{,,[l,(r r h ;(r r ifi(hritlu)iIi k 

il i lif i dd ii hf l f0k(I ir lI r iff 
Tim) t t(:CllCedtH ;fl ])) i I)lJ~ l) I~zrt lJjlr, 'Iffects, 

§teoiietri . ill(}iir inril tiI!It it hr l, . t ricil iI 1( ,doriiit,t 

COLirVIre It niy, w mor , (Coiiirii i, ur (! itil to lower 

fillidll Ict ;c' IIi lie 

lii1i flti I [ miillII 

i ily hf h,)r)r fiiiif 
ro it ii'l ,hririi the;0 u 

ii sr(tfi noic(hrlu i 

t ih ii(r[rlicill to fi()llov iII
nece;.i.ry {,irtii..irt hI :ii t 

raising( iitrti I, rt (it-s 

speed riaity tieclhl( Iit' illp 

stfiulr, iis frail thmtt 

i r t)()r, 

id in)t(uiir,
l)l tu lif 

[tior. 

hjrug of 

truiwe wovr 

; of ro;i<, toiillow 
ltho r(fIlhcigq the 

.0J1ci(]1 Ilioerlt roof.l 
r mi d . 

Itun ufes u(r 

lhi r01(1 to fil(jher 

ll t( tiiosile 

reticllton iIl( gifristo(nn inIrtlhtiir tol t h .ri;d rilhods 

oil i) lterri; of lotil trilo(:t cost, presroot clearly )e evt 
ell anld fi tni! 

Development .f Design Alternatives 

The elements of Pav l r an(jgeometrc desir can be 

broadly chIracterized as a range of (fesils that hive eg(iva

lent ttre consequences in terrs of venncle operation and 
road rnfiurleiarlce costs. or i rargoe of deii.; thtl (fo riot 
have (oJJvalerd otlitre coruseqem.ntI ees Pie forier iu-gorier

ally corrmprisedf of p<'lverienlt fe;i(.lm; yieluHll) e;qtJivalen[t 

strength arid dirahlity, will) eqtrji iltrl (teooritric aligtti

nuerilts he lailer Is copfise of fesugtis It)viIci the pave
merit 	or cleoreiric specificaliois, or bolh, are v trued, stocri 

that road corislrticliori costs and quality are nol Identical 

E,,ierrial on)srailts, nay nattirally hinit the ran(e(of feasible 

designs wiltrn erie or tiolh of tfhese ilturiwitivu- he most 
ata)rop rite design woi tllno e ore Ithl is lie riost efficient 

Paverment1 designi allerrives can be (dfsOtitsse ir, terrrlls of 
three broad calegories of SrIfaces earlh, (Iravel,,irif paved 

Earth roads ran(j frorri mere peiretrolil tracks to en
giricered roads wilh ai,lirface of locil rn ierualiriicipateld 
traffic voltimes are lyp cilly less lhan 50 vo icles (lay Such 
roads are Ihe roost sitabl. for lfi)(r-htseu coristrucltor 
rrethods for a rluot1iuer of reasous First their errlah~sis on 

short-hul earlhwork Imrallels i e ;rejlhs of htlor-hasod 
rriethod s Secorli. eotipflrit-f,iseo coilriclors are often 
relticlanl to coiistrict such r)t(fs becaiuse of their usually 
short lerglh, iiiccesihltliyv. ti liileI returi oi) capital 
Third, tlhese ro(tk,are ofte for rtril ic t wre of direct 
aniI of)vious benefit to ifie oc~il popotlahoi MThisfacilitales 
e1rhushri(j local su)port iII (tOt Ctte ,IhJltiOI nItLJstilbsequient 

ritinteriarice of w*ht I,; oflen loc~illy perelveidI as "otr- road 
Proper consirtrCtiori, ci- iltrltei III Fl(jtire 22, is Important 
The nijor Iesign corisderalio is prolahly the provision and 
iiiai riince of adegiitule ufriirte Althougfh these roads 
ifre LiStilly riol inteii(fei to p)rovirfe fll-weather access, effec

live ifrailaje cor greatly re(JLice the lelgth of i lh y are 
closed I(turit.g and aftler tihe rainy seasoni 

Gravel roads ireSuitable for dlaily Iraffic volumries of up to 
200-300 veficles Ihe struclural design depenlds upon the 
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Figure 22. How to make a simple earth road (7). 
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pavements tend to be designed for the minimum subgrade 
quality within each section, resulting in over design for other 
subgrade conditions. Labor-based methods, on the other 
haiewelld aaped to i5l alized desi flexibili ".... 

Road design affects total construction costs and the distri-

bution of costs among various activities, in addition to the 

choice,' of construction technology. The distribution of costs 

among activities for various road standards is shown in Table 

21. Aside from the increase in earthwork percentage and the 

decrease in pavement and drainage-and-structures per-

centages with the lowering of design standards, it is important 

to note that the percentage of expenditures for production 

and haulage of road materials increases with lower design 

standards; thus, flexibility in the use of local materials may be 

one of the most important design considerations for labor-

based rural road programs. 

Project Type and Timing 

Quality and design considerations are necessarily linked to 

the type of project, making some projects more suited to the 


use of labor than others. Moreover, low-volume road projects,
by their very purpose and nature, are often short and scat-tered. Transportation, ')perations, and maintenance of 

equipment can be costly and time-consuming for projects
 
located in remote areas; furthermore, the projects need to be
 
large enough to fully utilize the capacity of the equipment. As 

a general rule, equipment-based methods tend to be better 

suited to larger, more concentrated projects. The small, geo-

graphically dispersed projects may be better served by 


locally avaiiable labor and associated methods, both for 


construction and maintenance. If all circumstances are fa-


vorable, however, there is no inherent reason why large proj-


Table 21. Percentage distribution of construction costs 
for three classes of roads in certain parts of Asia and the 
Far East (7). 

Operation Road Type (%) 
Feeder Secondary Primary 

1.-	 Clearing 3 2 2 

2a. 	 Excavation of earth, 
haul less than 100 
meters 	 20 16 14 

2b. 	Excavation of earth, 
haul greater than 
100 meters 12 10 9 

3. 	 Compaction 12 11 10 
and grading 

4. 	 Production and 
hauling of road 

materials other
than earth 30 23 16 

5. 	 Base course and 
surfacing 9 18 25 

6. 	 Drainage and 
structures 14 20 24 

Total 	 100 100 100 
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ects cannot also be built by labor-based methods. Similarly, a 
remote work site away from the main sources of labor may 
make a labor-based approach less attractive as provision of 

cary services suc as h6asusing an r /sp6 ri 6 b... 
comes necessary. 

A commonly stated disadvantage of labor-based construc
tion 	is the time required. The potential for productivity im
provement in labor-based operations was discussed in 
Chapter 2. Aside from this, the overall planning and organiza
tion of the project, its locaiton, and logistical aspects, can 
have a major impact on the rate and timing of project execu
tion. Labor supply, both seasonally and regionally, is clearly a 
factor. Often more important are the political and financial 
constraints that have been observed in numerous cases 
where long project delays have occurred in labor-based 
projects. Political forces sometimes insist that available 
budgets be spread over many different projects in different 
areas so that most, if not all, constituencies can benefit. Such 

a policy can produce inadequate funding for many of the 
projects involved. 

Nevertheless, given sufficient financial resources, a regular
and sufficient supply of labor, acompetent supervisory staff,
and suff i e ly onstra c o jet sitervisorybsedand a relatively unconstrained project site, labor-based 
methods may be able to keep pace with equipment-based 

years, and the enormous volume of work involved in the Sarda 
Sahayak irrigation project are good examples. Other projects 
may simply be too demanding to use labor-based tech
niques. For example, the Indus Basin project in Pakistan 
would have needed some 30,400 donkeys to execute only a 

part of the work at peak times while the maximum available in 

the country was some 20,000. Other projects may be too 
confined, like the Neyreli lignite project in India where loaders 
and shovels removed overburden at a rate of 14,000 m3/day, 
a rate that would have required 10,000 laborers and 
thousands of lorries to do manually. Roads, like railways and 
irrigation canals, however, are particularly well suited to 
labor-based construction because work can progress simul
taneously at several points along the length of the project 

instead of strictly sequentially at a single point. 
In cases where seasonality of labor is a problem, it may be 

possible to schedule certain activities best executed by labor 

for times when labor is available. In Colombia's Pico y Pala 
Program, for example, site preparation and earthworks are 
done by labor in the off-season for agriculture, and gravel 
surfacing is done by equipment, often long after the labor
based phase has been completed. 

Delays in project completion should be taken into account 
in the financial and economic evaluation stages through 
quantification of overhead costs, benefits foregone, and de
lays in other projects, although this is often hard to do in 
reality. 

Availability of Resources 

The availability of resources (labor, tools, equipment, materials, and managerial and supervisory expertise) has a major 
influence on the overall feasibility of alternative methods of 
road construction and maintenance. Availability means hav

ing the required numbers, at the right place, at the right time. 
Sufficient labor, ready and willing to work, is a prerequisite 

for any labor-based construction effort. The assumption that 
there will be no difficulties in labor supply in a labor-surplus 



Figure 23. Country/region/sector screen (13). 

Current
 

Wage? (1)
 

[cSteady? (5) 

To less Steady Likely to 
Yes than =rExceid
 

$ 215? No Cr No $4 Ye1.0S Programto - 1 No1.5 
Govt. n IN°o Yes Adequate I No 

~~~~frLaborWaejiinRsn(7)in
SupplyFavor hlr Prospect? or(6)
i 'a Neutral 

innane FaGlvlingFaorAgntFavo 

Yes H Yes
 

Lao rMnaeenikil 
jects Suitable

for Labor? (7) 

NYes 

in Favor Gov . in Favor, Against41I Neutral or II 
Against? (8) 

tNeutral 

IEquipmenttl"Labor Management Skills 
Available? for Labor, 

'4 Equipment or Both? (9) 

LaL~~~~r'Apply/ro tBoth or Neither xesvey(1PrgaNo 

-i Wage Rate? • 
Labor Should 

be UsedI 
Extensively (4) o $ 3 

Ok IHow do you estimate IPoor

Iprospects for labor?I EquimenAlowforPossblt 
of Extensive Use of Should Be Used 

LaL"r,'Apply Program/ Extensively (11) 
Project Screen, (10) 

Note: 1976 Prices, See notes on page 39. 



economy is not justified. Even in India and Bangladesh there 
are labor shortages during certain seasons of the year; re-
gional variations are often dampened by seasonal migra-
tions.-The willingness of labotowork inroad constructiocar ... 

depend on earnings compared to alternative forms of em-
ployment; "wealth" such as land holdings of the individuals: 
additional work-rilated costs (food and transport); and will-
ingness to forego leisure time, In some cultures attitudes 
toward manual labor in road construction may be negative, 
because such activities may be perceived to be inconsistentwithhumnoreve dgniya ormof nslaemet. easnal 
flutuation den for lnaorm and .othlae resnalfluctuatio ns in dem and for la bor and other projec ts in thepr
area, including maintenance of existing facilities, may affect 

labor availability. Health and nutritional conditions also play a 
A more detailed

,.Valuation of labor availabilitynroblems is presented in Chapi. o v yisuggested 
Aside from labor, the availability of appropriate tools and 

simle equimeland, theiablsis iporat e tms 
simple lclproducd or importTex seofmmay be locally produced or imported. The existence of man-
agerial and supervisory capabilities and potential for de-veloping them are still other indicators of appropriateness, 

screening of possible suitability of labor-based techniques to 
a detailed analysis of the relative cost-effectiveness of alter
native approaches. The first is a relatively qualitative assess
ment thatrnay be based -on. break-even wage rates. The 
second encompasses construction, maintenance, and user 
costs as well as other quantifiable project benefits and costs, 
all at market prices. 

Screening Process 

In the course of the World Bank's study of labor and capital 
substitution incivil works construction, a two-stage screeningc 	 s wa d e lo d wh eb in v d u s wt o t a d process was developed whereby individuals without a de
tailed knowledge of the trade-offs between labor and equip

ment might identify countries, projects, and parts of projects
where greater use of labor might be appropriate. It isthat the first screen be applied at the country, 

region, or sector level with a 5-10 year development perspec
tive; the second screen isdesigned to be directed toward the 
preparation of preappraisal stage of specific programsp oe t n - e rp r p ci e h s w c e n or 

r 
projects and a 3-5 year perspective. These two screens arepresented in the form of decision charts inFigures 23 and 24. 

Lcof ex e itillotherindicaororar ge ces cppropriatnbessaThe charts put into a more explicit structure several of the 

major constraint on adopting labor-based techniques regard-
less of the situation concerning other resources. Neverthe-
less the need for road construction and a concurrent lack of 
equipment and capital for investment in equipment may 
suggest the use of labor-based means. 

The foregoing points primarily serve as indicators of the 
potential for using more or less labor in the construction and 
maintenance of various road projects. Inassessing the finan-
cial and socioeconomic feasibility one can begin to be 
somewhat more quantitative and rigorous, 

FINANCIAL FEASIBILITY 

An assessment of the financial feasibility of alternative means 
of construction and maintenance of low-volume roads can 
range from a broad country or sector and program or project 

Notes: 

issues raised in the technical feasibility assessment and introduce financial and economic considerations in construc
tiodue fnancialad ecor andeuin costruc
tion in the form of relative labor and equipment costs. Prelimi
nary tests by the World Bank research group suggest some 
33 countries might appropriately use more labor-based 
methods of construction. (That preliminary figure isnow down 
to 20.) Tables 22 and 23 indicate the types and parts of civil 
works projects for which labor-based techniques might be 
appropriate given an unskilled wage rate within particular 
ranges. 

The two charts and tables are based on productivities and 
costs observed in the World Bank studies in India and In
donesia, adjusted to mid-1976 prices; more specifically: 

* 	 equipment operating cost including delivery to site 
spare parts, and fuel; allowances made for depreciation 
and maintenance based on observations; 

(1) The yardstick wage rates shown in the screen may need to be adjusted as discussed in text. 
(2) The abundance refers to the availability of labor for the current construction program; if in doubt, assume there is not an 

abundance.
 
(3) The attitude of government isan important parameter, which can only be assessed subjectively. 
(4) There may be particular parts of the construction program that must be constructed by using equipment-based methods (e.g., 

dredging and large earth-fill dams). 
(5) The important factor to assess is the likely changes in the ratio of daily unskilled labor wage to the cost of machines. 
(6) This requires assessment of population growth, expected demog-aphic changes, and nature of the labor market and middle-term 

construction program. Ifit is decided that adequate labor will be available, consideration must be given to the overall economic 
impact of labor moving to construction from other sectors. 

(7) Most construction work can be done by labor-based methods, but some types of work are less suitable, either because (a) they 
are technically difficult to do by labor (e.g., dredging); (b) labor produces work of inferior quality (e.g.. high-quality bituminous 
surfacing and compaction); or (c) they require large numbers of labor in a concentrated site (e.g., the construction of a dam in the 
dry season that must be finished before the rains). The types of projects suited to construction by labor-based methods are given 
inTable 3. 

(8) The attitude of government is an important parameter that can only be assessed subjectively; if in doubt, assume a neutral 
attitude. 

(9) The important aspect of management concerns local skills, If these skills do not exist in the country, either for labor-based or 
equipment-based methods, they must be imported, at least in the short term. In this assessment, consideration should be given as 
to whether it would be appropriate or desirable to set up training facilities for middle-level management. 

(10)There may be exceptional programs that cannot use labor-based methods even though the appropriate unskilled wage is less 
than US$1,50 in 1976 prices. It may be possible to adapt the design to use labor-bassd methods, however. 

(11)There may be exceptional programs that must use labor-based methods although the appropriate unskilled labor wage exceeds 
US$4.00 in 1976 prices (e.g., scattered and widely dispersed low-cost road programs inwhich the moving and set-up costs for 
each site using equipment would be excessively high in relation to the amount of work to be done). 
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Figure 24. Program/project screen (13). 
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Table 22. Potential suitability of programs projects for construction by labor-based methods at various daily unskilled labor wages (13). 

Type of Comments Man-day 

Program Protect (Size of Project, Labor Cost 
Degree of 0- 1,0- 2.0- 3.0-

Dispersion. etc) 1.0 2.0 3.0 4.0 

S 
'o I,, i: M r 1 I 

(. 	 r ra r 2 (313 LU)c)prt; )roje , " 

Average projects 
concentrateid 
projects 

Dirt roads 	 Very dispersed 
projects 
Fairly dispersed 
projects• 
Other projects 

Ro;|JIvi(lenrrq. 	 Lar(je coccentra ec 
dirt projects 

roars thy 
(Jriv(,II i(j Other projects . o 

Pere ic roao Dirt and gravel 
IIIIItel ralice roads, very 
i)ror'r~TII-	 dispers;ed• 

Other dirt and 
gravel roads * (4) 

Other unsurfaced 
roads 
Surfaced roads 

Small unlined Small . dispersed 
canals and projects •s•c"dithesUn~surfaced. 
dtches Average projects 

Large. concentrated 
projects 

Large urilined 
can 	 ls 
arid ditches 

Brick lining for 

c nals and ditche• .() 


rNltt# 	 an asrt inkiri(licates posstble suitab lty 1976prices Parts of 
larg, coricoritr,"attd projc :ts may still be suitable at labor costs 
higrir chan thi)s, sho,,i,ri 

(1) 	Dariy ,rrsk iei labor .','agtl ra Pts ,I n to be' adlUStd as 
dliscrLS t.(t In teXt 

as d5,, to) carry suochlight traffic 
that aiy ,i.la,, causo .. by, ser lat ( rrt,astI rTt ods -,ouII riot 
serious!,, r-t&;,(user tr;n,4:ts 500 vehr lots day is Stliggtshod 
as an (ppor hnot for s,'uch 11rir roaris 

(2) 	 Minor r))a s arte ilno,( a, fj 

(3) Provided caol In;;tls or)ri,)t g-i-rall, , im(a;surniTrwg 
tractor r i,*r -!)i&l-ia 

(41)Pern)(ic riartiir,fixm 	 Aol I h to rgravlohrg and r'stralh'g 

(51 	 Bricks shr l b-, it, irl, f , car hooproru (ielocally 
usuially by labor-twaso( rrttrilts 

16) 	 This applies to Irncti excavation. p pe laying. and trench 

ba(;k-filiing 

Type of Comments Man-day 
Program Project (Size of Project, Labor Cost 

Degree of (USS) (1) 
Dispersion, etc.) 0- 1.0- 2.0- 3.0

1.0 	 2.0 3.0 4.0 

Routine Minor canals.
 
maintenance very dispersed
 
of canals and
 
ditches
 

Other mirior canals 

Major canals 

Pipelnes 16) .(7) *(8)
 
Earthfill dams Small dispersed
 
(incl. fishponds) projects *(10)
 
(9) 	 Other small 

Orojects 

Large, concentrated 
projects wilhout 

i 	 important time 
constrainls 

Masonry darns
 

Rockflill dams
 

Concrete darns Small (incl.
 
(11) 	 weirs) • o(12) 

Large (ncl 

gated barrages) 

Soil conservationrso& erosion 

control (13) 

airfields 	 • (14) .(14) 

Low-cost Traditional
 
building construction
 

Non-fraditional
 
construction
 

Small bridges 	 Timber or
 
masonry
 
Corcrele• 

(7) 	Manual m th)(ds of excavation are cost effective except in 
massive rcl. 

(8) 	 Manual mthiods of excavation are cost effective excepl in 

stiff hardI derse, soils and iin rock 
(9) 	 Provide( htltil ifigtns do riot norn rally exct!ed I km 

10) 1 	o siol sholdi rii)t ho harr(Ier than firm 

I 1) Mixing should bi tun ririe!hanrulr all' 

112) 	 Aggregates sriraller Itir 25 rminiar mst produced by crusher 
but they cart oftmn e,?roplaid by nalrrl gravels sorl by labor 

(13) 	 This .%oiuld firrIu(It c-orilti)r ridgng ;alercoirsi, cofrstrtrctirr. 
chtock darns in guiliots tree plarrtrng aril so furtli 

(14) 	 Applies only to small renole airfields where the only rrearrs of 

access is by ar 
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Table 23. Potential suitability of activities for e daly iinskllet labor vagte as receive] hy Iif or for a 
construction by labor-based methods at various days work arid which coiit J iicttlt, vhflue ( foot suLp
daily unskilled labor wages (13). p! ,. of ;,t id! Iflc(; r( i e for overleadIn hc.i , t 

costs (~ii I,; 5 o~i 70 [w1(111 o 1)20wage)hlit 

iitmchkii ii tor t,.i;' ',lt. ;U a H rg(t* ivt Jj( traits-

Ofl' r
Operation Manday Labor Cost (USS) oll,

(13) 

0-1.0 1.0-20 2.0-3.0 Bretik ,r ti , . i o *',,H . i, r 
the rn e'i , irt , it J ; I ft rt~ ~it)()tflwh,I p r , , : . , , ( , fdtt 

I,,(Je fi t l ,t,ff! 1,I i t ,, I , l , )r t it~lt,: u t II, 

V fi I , kttlii total cu)! Ii tt f ,i, tSite clearance i , i!i )f f,,<,if?,i, [)ii!',/rmeritvivojl t (j t , ' (: h), , F~) ill] 

f i[,I,Excawattiofi Skilled t t j ' ,t J ti,, ,t{ i (:)ytI~{l ,iit~~ for 

(l) (itches & ircrches as,(;ss (ItJ , , , .flxt ,t of ittofiii kithor 

(tb) hulk (t Oft, loose soils) eCJLii)ftllr 't t d ) itV i i,, 

( ) lil1k (olfter 5olts. Cofti(itol) rj iivtt ;f iti, ?Iii l)r(lJl:tiiltlu) 

soft rotck) of labor riit ( i tip (:i t i .Iflhr,i IVlqtltJ!i• Fti tli 

f Iiit-(tifltr
t) itlw o:isi'i',(r)ei vells courlry,a;v dioHr it,, h i (i iii cruifJ 

i..Oft. ltiO.-r'.- gt)ilS) • * process fits lrni dov(:iilliif i ii Il(. 1,1, 1 f (ihtI iftil Coildi

(of CvtS i,it perl ei lions i!ii i itt rl I -i{t i)(Jti,i , o ;sir ly ho a.) eIls oli l rti, l rie( 


(otlkt--i.r rock) * worltd-wi d e ,if)plcit lihtY et ro )
It 1,; th fit(ill) tt!)[ lfl s 
i trritciri 1 & i. o * charts arid tl)te he tsif ()ill, (t.I rti itltiririg wdI0wil 

in( l iofi Mor()vt(r theyB ithlir(I!)[)'Fiii cauiorn, III olh(ur cotitri , irt :u( 

tillwefl ( .(0,,iv nMabe LisoCJd ir t 1s, l ;1; ; i t io :ui t)iI'' W VrJi , y "if) (?CO)O l!lC 

modificatiois, o g . excltiginlg os afilt 'm(alt taf)qc(11t i]C, trio III~t) tulk ectuipsiniet 

rliith~rhIII • Iiiln lilhese ch i arta I(Ilt)lew; ( !,wiu i t i i:f7oi( 1llli le_ 

Sh,'rt t i i staled wager ite(uidelines itti0 tw rie ' ill to illoiw for 

( I) itijor lipto200t • condlitions wthuil a pirtiCulr ctoiiry of *t!()rn t -or tiliiF)It 
(t) tI iitI LIF)to 1 kl * variations it Au relifhvo ra! ;tof iiiflitItii i ii iro ,t 0 o ifq 

i tI-976 


ii ivi!t(rlii by iuItiplyinj lh e luotod r ('?Iy titin r )i t i it 

:luF , r iitii(i & shmping labor and eCuipientlp i - 1Ct. iiiiniit iw !i(itroriItttt 

I i tO),!f i ri(: 

of representative pieces of ocpi rii[it '( it )trt t I P01 
.t. i t lto the mid-1976 p(irc r )51 ( ). i Itl ,frTV ; S tf illrI"/ forIf)( t.(! 

,(tiilur t ilI itiIOiS) the assessment of flriticiil fiiftilhl,i i (-(till wti(' 

i)ro(ItictotI ilidi ! tSI t)ri irport duties tir putt ol e(qiiritiiit ~ tl fI,i ill-dil 

(ii v;(I' rucite 2StO 50mm • rate qtti(tii. voild nil,'s l i it,, I)Ilti ,Ir it bItI to 

(t ir.r .n I tone 50mrn * whiltex peclxaili, of i.Iii',tilly iowv ci I . %crirf( i!t for 

(C) , ;.i ,t~tie * a reduction Ilhr Sl)il, O iiit hfir i il(ratle,; [:o itt I tiS. 

the wage rate to he used i) atclVer cgivLie ;(t ,hi(BhrirI isonry construction - ht 

(I)Strctiires * 1 the wag-e sfoild 5e that neefed itt itric ifmn;itfetl 
(t))P-,i. tmenrnis • lUmbers of peoleo or the currel v.Ci'r pro(jiHi 

i fi v F))(" 2 in the case of a legoal iii tiiitii wIilur ill xCe'. (if the 

market waq . the former siotil I)(htl' for tlhe as(i)iijt-Dresire o 

sessmerit of ftiaftcial feasibility.ohI prescure , 

(c)co;lvorhs (concite) 3 ifthe wage varies ceographically or s,2aso ill, a rate 

() cUiorts (cor metal) applicable to the partIcular location a id timinr of the 
project should be used. afid 

Carpjentry 4. no atduittons to the, bilc dily iiskilled wage to cover 

(a) forw',ork • overhead are ne(d as they are already 'ocluded in 

(h) roo' & britce trusses •the anatyss 

Reinforce ent
 

(a) beintilog 
(b) fixing * Cost-Effectiveness Analysis 

Steelwork (s'ructura) The s:roetir)ii : 'l-rvO to iinJlcalte iii a general wayr [ifi 


(a) fathric; Oil *the prorjr i m tirts thereof potentially suited totlt p 

(b) erecl:J', • the iistof riioror I, ;tahior in particular country In the 

interests of itmire (t)it ilele fitai i at assessmttett. three ad
.. .. rttlioia levels of artaly',i> Iriso 

Note. Al asterisk Indicates possible suilability 1976 prices 1 conistructior costl coiitparisoritsr. 

Daily unskilled labor wage rates may need to be ad- 2 total piroject cost coriparisoris, arid 

jUsted as discussed in text 3 overall project berefit-cost comparisons. 
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Construction cost comparisons are tne most straightfor-
ward and frequently used analyses for evaluating alternative 
technologies from the level of individual activities or tasks to 
the overall project. The main shortcoming of these compari-
sons is the inability to account for differences e.g., product 
quality,- project design; and -timing -arising from -the-use of 
alternative technologies) that may influence future project 
costs and benefits. Inthe case of low-volume roads it is often 
possible to keep these differences to a minimum through 
technical equivalence among designs. If this isnot possible, 
the analysis might be extended to a total project cost com- 
parison inwhich maintenance and user costs are also evalu-
ated. 

If a wide range of projects is to be compared, a fuller 
spectrum of project benefits and costs may be included in 
overall project benefit-cost comparisons. The developmental 
impacts of the road, in the form of generated traffic and 
induced agricultural production, are often relevant benefits in 
the case of low-volume roads, Moreover, introducing new 
technologies for construction may generate significant costs 
and benefits beyond any single project through the simul- 
taneous development of social institutions like health and 
nutrition services and support activities like contractor train-
ing and development, and small tool improvement and prod- 
uction. Some of these costs may be accounted for inproject 
overheads, but others may need to be dealt with more ex- 
plicitly. 

Each of the three levels of analysis is discussed in turn 
below, with major emphasis on the first, 

Construction Cost Comparisions 

Financial viability of alternative methods of construction isa 
direct function of the factor productivities and prices, project
quantities,due
qtrutitsn osterct cost (o r ssfoiad witnc-
festtin Cnystinot cwhere 
feasibility analysis entail: 

1. identification of the number and type of construction 
activities and tasks, and an estimate of project quan-
lities: 

2. identification of technically feasible alternative 
technologies of interest for each activity or task, and 
assessment of the required resources and their pro-
ductivities, 

3. determination of the market, or prevailing prices of the 
various resources; 

4. calculation of the unit cost of each alternative (multiply 
productivities in step 2 by prices in step 3 and sum 
across the resources); 

5. calculation of the project cost of each alternative (multi-
ply unit costs instep 4by project quanties instep 1after 
adjusting for the particular technology if necessary): 

6. evaluation of indirect, overhead, and any other costs 
associated with each alternative (may be expressed as 
lump sum cost, as factor to be applied to unit cost instep 
4 or project cost in step 5 and carried through, or as 
factor to be applied to resource prices in step 3 a id 
carried through):

7. calculation of the total construction cost of each alterna-
live (add direct and indirect costs in steps 5 and 6, 
respectively): and 

8, after doing this for all activities and tasks, calcu,.,tion of 
total construction costs for rational combinations of al-

ternative technologies (sum across activity/task costs in 
step 7), 

Comparisons among alternative technologies may thus be 
made at various points along the way at the activity/task and 
project level, This assessment procedure remains relatively 
straightforward as long as the number of activitiestasks and 
technologies is limited, or where there is limited interest in 
mixing the technologies. 

In a country where labor-based methods are being consid
ered for the first time, local experience and basic data 
needed for cost comparisions may not be fully available. 
Chapter 2 discusses breaking the construction process into 
various activities/tasks and gives an indication of the range of 
labor-equipment mixes potentially available. To keep the as
sessment manageable, activity/task identification should 
concentrate on a small number of important and technically 
flexible activities/tasks; this includes those representing a 
major portion of project costs,and those upon which impor
tant activities/tasks might depend. Estimation of project quan
tities associated with each of these isprimarily of concern in 
situations when the quantities might vary withthe construction 
technology, as inthe case of design varying with technology, 
or labor working to closer tolerances and more selectively 
than equipment. 

The sensitivity of factor productivities to environmental and 
institutional conditions is also observed in Chapter 2. 
Nevertheless, the various manuals and handbooks available 
and forthcoming (2, 6, 7, 18) do have significant inventories of 
alternative methods and associated data that may prove use
ful inpreliminary estimates, as well as suggestions for modify
ing these data inlight of country and local conditions and for 
collecting further productivity data. Elimination of certain 
technologies nay be possible at this point inthe assessment 

to their having particularly low productivities relative tosimilar alternatives (e.g., intransporting soil agiven distance, 
the productivity of labor using shovels ishalf that using 

wheelbarrows), or to the existence of certain work atfitudes 

(e.g., men refusing to use headbaskets). The alternative 
technologies under consideration must be technically feasi
ble in terms of tho criteria discussed above and the required 
resources available. Assessment of resource demand, sup
ply, and balance is a consideration at the project level as well 
as activity/task level; Table 24 and Figure 25 demonstrate a 
rather detailed resource analysis for a 3-km flood control 
embankment project as an example. 

Converting these physical productivities to acost basis for 
comparision requires assessment of the prevailing prices of 
the various factors of production, namely labor, equipment, 
tools, animals, and materials. Foreign exchange components 
might best be handled separately. Inthe case of labor, hourly 
wage rates for different types of labor are needed. This infor
mation may be most readily obtained from a labor market 
survey in the project area. Estimating these rates requres 
information about how the wages are determined (e.g., mar
ket forces, government, unions), origin of the labor force (e.g., 
local area, imported), competing demands for the labor (e.g., 
agriculture, other construction projects), and seasons during 
which work is to be done (e.g., sowing, harvest, other). Esti
mates of the equivalent of payments in kind, like food and 
clothing, as well as taxes, insurance, and other items directly 
related to the hourly wage should be included in the rate. In 
performing cost comparisons, the wage used must be suffi
cient to attract the labor needed for project execution. 
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Table 24. Analysis of daily resource requirements for alternative methods of constructing two 3-km flood control 
embankments (8). 

Labor and Capital-Based Methods 

!No, of II 
Operation Days Quantity Method Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Remarks 

S i. Str, 1L, 7 rr - [_it )-r , it) r r ! i , . li i ii e ,1 scranorsi 

I I I I Lead time, 
S , l i tt,i) ,r I t);,r itI two weeks 

E , - itO 160 384. O(0flr Lit)or 2-1 i rs 24 ' 1uflac>~ 

C i l)_1 T T 4 srap rs 4 ,',.r, 8 ol0fr,otors 8 aborers 
--B. i,c, I re I. 

Load 160 384.000m i L, hor 300 inrer; For capital based, 
Baise( excavate, load, 
Cital As for eAc~v.ie haul & tip all 

Basc in one operationJ, 
Haul & lip 160 384 .000rn Labor 240 'aborers. 240 buffaloes. 210 carts 

CapDial, As for excavato 
B,-isoyl
 

Spread 160 *384.000m L~dor 20 laborrs 2) b. Italoos 'I) scraper, 

aseCapital 3 :o eratirs; 3 l, orers3ri 

Based ~ ies o --.--.
 

Compact 160 384 000111, Both 3 rollers 3 viater !ar kers. Goperators, 3 laborers
 
Cstill~al
 

Grass 25 1180 000irr Both 144 laborers Grass in Ma 
Slopes I Labor , light rains 

The Whole 200 Labor 38 SUpervisors 36 supervisors 6 super- Local Supervisory 
Project Based I I visors staff 

Capital 6 supervis rs 6 supervisors 
Based I . I I 

The hourly price of engine-powered equipment should in- parlment by the workers in the course of their employment. In 
clude ownership costs of depreciation, iterest niaintenance any case, an hourly rental rate may be developed using a 
ai, d re .,ar a iJmiscellarieous ieris such as rAsurance. tax, scale,I-down version of estimating rates for engine-powered 
,rnd stora ase l s operatirngr costs of fuel lubricatiorl, [upipierit Materials are priced iHqLallllty Terms where the 
tires '' oh.r Oit Jf i 'it (Or v-wriat;e Etiimatiori of hourl/ price Ircludes purchase or proiductio ,wit transport costs 
ii(ti P' . , (.t r!.i 

'it} f;r,'iiti i:c a ntt:uli)lOi These are of coicer in hecost cornparson oinly in situations 
Ai ' , t(t I( Oi Calc- where the amont, type, anld or method of proilUCioii mightu,, it ''t,/i 

s ~il ( ,t r , r ,IrT'i ri. nice itiItpvr raClities anid .'ary with the fcttor nIX used iI coitlr ctirn,', ,,0 ir'on i 

,o iiir rHLo 10 (lsee 11) covers Overhead coSts atssocialed with a roa liroject nliht he 

t(lip w , ,-i n, . i I St , /e hourl, nirk, (gro[e)ld <is !hose associI;ldl WlIi project l Stcs iri(i 11hose 

r, it, . , ( i iir_ i t , cit( s rofn % thl fanialqern ! anid in irtalti ri on ridifij off thel sile 

j, , rIt', r i c 't ce ,.' Fr iLfl r;tl C f;sin y in' c-l - tra isnor atiit -;,e tiI) ofFor equilp 

,
I)Ou n I ' r i :', e t , l r l,r " fr, itri: oo is, lr 1 iort of .vorrers i7 )r i '/ n rl rl ) rfl (.tUr(es for 

0,;s Cur [),i 'F 11 n' Ill 'u t jlut', ire:i miri ri aco trg fiitra ol rl l ~ frtait cinrps for lthe 
W'()r i l in't C .ii ,, } e ri;SQI rCeS ari i :,i ,vorbers, ncliirq i 'Ithts for health trii. tatoh n. eatinJ, 

rtct' .' .I shql fr ie rly waje to (:o er tl:w!r e oqersrin Aloria- arid sleeping t ll It fitudte of these cost iteinsm Tfe rtirriber and1 

th, 'it he o',.ilord byl l)',f liC rvork.; (elartrlefnt or (topei'(I upon the ItIe ard location of the road project as well 
c-ni riint r ior rio.t be nuirchase(i tror the public works de as the factor fix 'used in its corstrLClioii Esltrittioi of iraris
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Table 24. (Continued) 

Combined Labor and Capital-Based Methods 

No. of I
 
WorkI
 

Quni c an e. ja.Apr May 	 __Operation Days Quantity 	 Method Oct. Nov. Dec. Jan. Feb. Mar A Remarks 

Sile strip 112 720.000mr-	 t ior 20 labore rs, 12 buffaloes, 8 plOtil.hs. 4 sc apers 

E cavale 60 2?,36,.50rr 	 I ihtur 18 18 5 5 17 17 11 Same nuIxIber of laborers, 
[3, 1 j buffalos arid ploughs 

Load 1 3"5 ) r 225 225 63 63 213 213 213 	 Laborers360 1) -

Haul &Tip 160 k.i6(3 l)o r 180 180 50 50 170 170 170 Same number of laborers, 
[3 it eI huffalos avid carts 

Spread 160 h(n L I or i 15 15 .1 4 14 14 14 	 Sarne nuniberof laborers, 
buffalos aid scrapers 

Excavate, 1(0 1.17.75)ri 	 C 1 1 2 2 2 2 2 1 EaCh uit IS 1scraper, 
Load, Hatn Ise 1dozer. 2 operators, 

lp 1 I2 laborers 

Spreri j 160 147.7501T I Captali 1 1 1 2 2 2 2 1 Each imit Is 1g-rader, 
iBased 1 operator, 1 laborer 

Compacl 160 384.0001 Capital 3 rollers. 3 water tanks. 6 operators, 6 laborers 
Based I 

G r is ; 
Slopes, 

180 000mr ' Labor 
Biisert 

144 laborers 

The Whole 200 Labor 24 8 24 6 
Protect Based 

Capital 
Based 

4 4 4 6 Local Supervisory 
Staff 

port costs for eqgiirpment and tools reguires information as to tan, site workshops were estimated al two percent of equip
transport -istarices, onrage of transported goods, and unit ment costs and labor carrips at two percent of Liskilled labor 
vehicle tr,-irisport costs set up and dismantling costs may be costs (5) The share attributable to log,,lcal overheads, how
e. presser is a fi;cton of purchrase price, transporting labor ever, rillht be e p[cted to v iry iiversely with the scale of the 
for prjects rerione(I form the vcinily of the labor supply may protect 

he on a- i,, bmaa; ithl 25 g-lives a sample calculation of Mntiit ratl , d iulrrsistriliV (v(irfie id, )n the site may 
I:h c. .,t . Note it'C) thai iri the saniple calculations shown, iricl(fe s i iff per'orso el, office m;I irolF;Isng f lcilhtii-. arld site 
it, .irnp'n rit+e 15 pe)rcert reductio In production tirrie per trtir).I rt 1his.: of the stiflf rnay l rallir lIrg iflIbor

(I'l , f( r 1 5. a( pproxIrfiate 33 percent tior (If LiiI fieto li' ni,-ed, Ihluor canips.ljJ.iiid i( 	 hji-il ununtI rl t}li ; 
oK. rfT i _ haul (unless starting tres are aret r ie- , . r t ,lryr l ie iiid iiCatsh and20.krTi 
'1I ,' Mii C l lie triicksrnustt teuseulimorethan 8 kiend( Asfor off -,(t o.,?ri l i . hf' mIIi; rilChodli( stiff, office. 

T) :c ,' vit, of tfn creVV arid e ulipm ierit iiis be rfir,i rrt ;ild relaiid e ,iirI ;' flhli reqionul ranch id or 
iforruoiti)ro ctive Iravel t nle Slora u iif, tJ(tliaftrl r of Oire c)erl od g ,.,(ernriwiit l l('iicy. arid 

h ', . r,;.itc rps ertat boidribi cosIs, 'icliuliri, anhti oS hlft i ,IrlcjI - r[lro il ;or.,ic('n tro idicoritrac
' a i.! i( from th.,ste erecioi rid dislsrcii- for dIe, lopreln, ;1r(1 overall proqr ri )piruniriql Ii coTrn)ir

'rir (j t' fif tgi ', unit o ,eritri costs Ircgll- rig two reasvoniably sifil ir h(:h ox rhe h dr1ove.f 	 ologi.(-, 
S rtn )f t(no(l hoalf c- ,ire imdother service., rd tihe site level aind even certaril 1 el Oili, riiiy riioniably 

t t'i [~ st Ib i re !l reali be inored of i iotjr(', i iwover,' I ; n; lO~T !ost iich (Jed Comparison ,hr'trers tn cu-
i,- dire! ilId ori; to roysoijrci Cots lrr rliay necessitate evaljation of all overlhti rJ! lu(iiri IreInilia, for exar;iple, 

itr;c!r' rc1 poxT cost'; for rrirrt 'oreers ivrin In Iteripo- broad!er SulppOrt acl sies (loalti se-rwces. (ulovilotIriellt,iool 

r r . inilcOuSis soirie 10 purceril Of their age rate etc ) Is probably best haridled ni lii ov'rfll projeC't benefil

(;rvn;porl 3-7 percent housirig, water, firewood 5 percntl) cost analysis Allocation of naritigeriil arid ilrinmistraive 
(2) Ina-feasihity lii'cy of the Indus Super Hihwa,, n Pakis- overheads amonq the reso;rces arid acivitie, tasks of con
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Figure 25. Availability analysis of resources for alternative methods of constructing two 3-km flood control 
embankments (8). 
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Table 25. Sample calculation of daily transport 
of labor to site (2). 

Assumptions: 

Labor waqe. ....................... $ 1.00'day 
Flatbed truck 10-ton. rate including fuel, 

driver, etc .. S10 00 hour 
Average travel speed ... 30 km hour 

Average distance per trip to pick Up 
lahor, orie wa i (, . .. . 5 km_ 

( ) . .. . .... 2020 km 
TurMaround time per trip (loading, waitinq) . 10 rinUoleS 
1ruCk ca (iI. . 50 tern 

Number of triic .s per labor iril of 500 mnt 5 vehicles 

Calculations: Pick-up distance 
(i) (ii) 

5km 20km 

Trip time, out anid return, home . &.05 1 5 
N o of truck-trips per clay 

(morning and evening), 2x500 50 20 20 
Labor transport irpt 

veh-hr (lay (=trips x time) . 10 30 
Labor transport cost, per clay ...... $100 $300 

Fotal truck InpLIt, hours per
dlay, 5 x 8 40 40 

Total lahor .avag cost, 
per day. 500 x S 1 . . .......... $500 $500 

Conclusion: 

Percerit of total Itruck input spent 
on labor transport .............. 2 5 % 75% 

Cost of labor transport as percent
a(ddltion to wage bill ............ 2 0% 60% 

.. . .. . .. .. . ...... .... ... . 

struction is difficult: a time or cost basis is possible as an 
approximation. As an example of the distribution of coristruc-
tion costs, figures for Kenya's experience i the labor-based 
rLiral access roads at the end of 1979 as a percentage of total 
construction costs are labor. 36 percent; equipment, 20 per-
cont. materials. 6percent: site overhead. 16 percent. regional 
support overhead. 12 percent. and headluarters overhead, 

10 percent 
Alternative technologies may thus be coipared at the 

activity task level on the basis of unit costs or proijoct costs. 
with or without overhead costs CILIded. aid at the overatl 
projecl level on the basis of direct or total corSlru(icon costs 
Care must be exercised innnmaking tlhese corrpatsrons, how-
ever, in that certain costs, overheads in paricular, tay ti 
sensitive to the blend of capital and labor and the scale of 

operations. Moreover. mixig of techrololeos tnty ericournter 
some cliffckulties in that activities tasks are often out fully in-
(tep lenderrt For exarinle, certain iterwus of oiiprieil (e (I . 
trucks) ia.' he used ito more than onie operation, ard their 
substittilon may affect their overall utlization rate ot) the 
prolect: or scheduhin of labor-based operatiois followed by 
eiitlprneit-lhaiset ones may be a prolem Thie hest arid 
niore approlpriate Approatch. particularly in the case of low-

Figure 26. Break-even man-day costs for the 
earthworks task with 60-m haul distarce and average 
topsoil in India (13). 
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iie' 't ptircerit of l 

B Poo ti ot(~ t'it r o l nj'i {io ,rir ~t.Iilrrerit'; Ci
ir tOfv,,ilfi ~S 


Pii8 t r;wpwvio ,wi ittl(f Ci-nai ntoe nt, ve Ci,? wi(rtori, 


i t 30r r of dt-c t Co.!';) 

volume roads, is probably a simple labulalion of Ihe resuts, 
and common sense that leaves room for lJ(i-Jduerltal dCeci
sions as to reliability of costs, balancing of resources, and ,o 
forth, where cost (Ifff;r(;nces aillorig alterrative cohiiilitratrrs 
of resources tiy be ;iiiill al 26 gii o 
kind of resoijr;o [m(t (i,;t h 11r1 tI)e (l'vetoped forih[ Irulti 
comparison or selectio )tiir)((se; 

Ihis sainte asic anlyis ni iy he iiridertlkei ior ai range of 
cin ilahor waqs t orr to (deteritiirie the )reak-; erl wlge 

Figure 26 shows a grs!plicat ,"sssster it of theIreak-even 
wage elweeo two toehotIs of shun-hal earth work inrIndia 
The iilerniiati iiat Labjl r Office unutuil ()t lahor-1rleonsive 
road C:.)istrLictiori (7) <tends atra.-lysis to ;ilwiliori where 
irore lhai i f ct()r nolay he uit(irtIuri. hoUitrny )(O((riffl(? d 
to a range of values Break-evoi in alysus nay thueiri to i sod to 

(t er.mrtirie the iwi-riuruf rfidt rinutirrI hre;ik-everr values- for 
tiruis;krlhd Ilabor product iity. ,.vaq;. it 0()111!iPll tierittr(e ral()s 
for two (;()rnitiriations (of resi(miir;ii; 

Total Project Cost Comparisons 

Varation inHDrotLICt (tLiality aird deSig1n iii cor1JLJ1ctioin with 
alternative metflods. of (:orrstruiclionis disctissed earlier ii this 
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Table 26. Sample tabulation of resources and costs for various construction tasks (2). 

Task Resource Quantity Forecast Resource Lost Effective 
of Work Productivity Days Time Working 

(q'ty units) (units/ Required Factor Days 
resource day) (number) (number) 

TT AT 

(1) 	 (2) (3) (4) (5, (6) 
-(1) -(5) 

(2) 	 x (4) 

ELHUS labor 72,000 cu.m 2.0 36,000 0.9 200 180 

earthwork, wheelbarrow 4.0 18,000 0.9 200 180 

hal 20 
average soil 

ELHU gravel, labor 12,000 cum 1.5 8,000 0.9 200 180 

quary to tractor, 50hp 30 400 0.8 200 160 

roadside, haul (iml driver 
2kin an(l assistant) 

trailer, 5t 15 800 0.8 200 160 

200 160Fl.HUSwater tractor, 50hp 4.000 cur 40 100 0.8 


for compac- (mdc driver (ie, 4ml)
 

tOHn. haul 1km and assistant)
 
* water trailer, 	 40 100 0.8 200 160 
* 4000 L 
* labor (say 4 	 10 400 0.8 200 160 

* per trailer) 

etc. 

Note 	 ELHUS - excavate, load, haul, unload, spread 
AT available time (defined as total time less lost time) 
TT = total time 
Indirect Cost Factor - largely logistical overheads 
Overhead Factor-Site on-sile nanagerial adminislra ve overheads 

Adinin = oft-sile mnageria administrative overheads 

chapter In siluations in which allernative design technologly 
mixes do not prodUce lechnically egliivalenrt prodti(s. e:ten-
sion of the cost comparison to include mainteniance and riger 
costs is necessary Certain tirade-offs clearly ,xist heltweeir 
the initial road consruction costs and the fitiJrrmal inairnte-
nance and user costs, the sIii;io n';I, niiir Ietween rnila nte-

nance and user costs Constriction cos?;1 tert to increase 
with improved design standards. whle' nnh'tei(lnce ,lit user 

costs decrease. Flexibility wifth rerjtird to ihe tlh inl) rly i;'ci 
In COnstrUction also lends tI(tecreaise ,with risinq d-t;1rri 

slandards Cost corn asons in thus tiroader )one-taid 

tiorrally allow for consideIration of stajinq of thin road Imole't 
(i e. constrticting a new road to 	a loevr performriice -tan-
dard than is prolectedt as utiliiate, needed,with the expecta-

of up(raing the road as dermind dev.'ops) Alteriaiw 
nelthiods of rmintenance and associaleit polices rllt also 

he evaluated. 

tion 


Financial viability of alternalive melhods of construction in 
combination wilh variations in product quaihty and design i 

this context (tepends tupon the s1im of construclion, mainte
riance, a']ldiser costs. (tiscoited ovei lim eITAssessnenl of 
inainlteilance policie;,. )roceNJLJrefs. aiid costs, road perfor
rIance 'Ind traIfic, aIIrIII';r )ra(:tc s ani (:o5t.. ii;ltli On to 

the evaltlliOi of coiistiri d i)st);tiini; isseil ;ilji)ve. are the 

primary con;ili(euts of a total (molncd (:(ItmlICoi)lISOli. 

Maitermnce cost are a i iiricioii ot thu mitlemiamipol
icy. ro td teterorahnonu ;alin aii/!(i;rii(';e tecllii(il(; tlhe 

variowisr-; taskshfowf..;nlunnroad.adritiinr:ea;thvitie 
the spectrtni of p)usslil nelie Is it e:.:iuflon are. irl(irtcah.e 
in Chapter 2 Thre riintrmi(:e policy (t)wtet should 
nnininiie the suim oh nniillemiricci i,;er, arid consrtriction 
costs The lahor-5)'ised ilantenirnuce 0)ti0i1 wherebl)y )e'ople.O 

living alongl the roar Iare renoivtitle forits i)klep, as Ii 
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Table 26. (Continued) 

Units of Direct Indirect Overhead 
Resource Rate Cost Factor 
Required (U.S. Sday) 

(AT) Site Admin 

(7) (8) (9) (10) (11) 
-(3) 


(6) 

200 1.005 
0 100 1.11.25 1.2 

100 0.2 

.44 1.0 1.25 1.2 1.1 
25 30.0 1.05 1.1 1.2 

50 5.0 1.05 1.1 1.2 

06 30.0 1.05 1.1 1.2 

06 6.0 1.05 1.1 1.2 

2,5 1.0 1.25 1.2 1.1 

Kenya, provides a dernand-responsive maintenance that can 
be appropriate for ;ow-volome roads. 

Vehicle operal) ri costs, value of travel tfne, and ccmposi-
lion ad 'i',,oLwiie of traffic flows coi)mt)rt;e roa( user costs 

Ve llidle 0) 11 is COsts are a f.irgiction of enivironment, road 
(jcir.t;rc:.. s-.Jrf ico( t,,i)e anu corl ti(J!i, ic vehicle charac-
t(!rl1rc;; ti!g'>i, cw't:; iics(Jild rn llirl c()o ls like fuel, oil, fires, 

rid TIitul , uic' v112 ririru:l ti, ed costs like depreciation. 

;t11d iltf rt' t T r . lfli co.', ne.rtlin to tile 1l111 value of.. ,,: f 
p ,r1ro1;i c i;rco 'oltol (:();t l;r estimaihon. allhoojli 
desir ,'if1,-,. lf 'm It bth c I i i illy anvi opertioinally 
Lstcir;i.', ;.f 1 oct. I Ii if); over tire ,.rio s ,ections of lie 
roil I hlc; , co;:-; for tIn( vaoii r types yield; roadlfhuclf! 

r Co'.: 
M~iiitrti I z ro .( c,r on %o,0 r th life of ihe road moist 

! Is'i i I.,)to' irese.t '..', ,riiiai .i I iiir'i the 

r, it,- iitrt; 11i1 nOnrl; these whl constrtction 
('9.5 ; , -i,(i i lar t.nrrr; foi'r 'irr colnilaions,;Ofof 

iolrl I rniioc, , for nprofdiiii a oroject may iiiiiicate 
[tit ' ;.t iterrit. e Ifi i,! lritirriatiorilit L Office-: 1bour 

rii ri (il1iirl)r-iritorrive ro1(1 c:(nlotriwictori (7) Iscis-ses 
th e.1rltitil ,)f tie.s'e riltinterlrice and is'er costs ;iid tie 

taill Cos )i)pars'i uivalUihitiororcodiire It cites several 

Unit Cost Project Cost 
(U.S. S/unit) (U.S. $) 

..... ... ...... 
Direct Site Total Direct Site Total 

(12) (13) (14) (15) (16) (17) 
-(8) -(12) -(13) - (1) - (1) - (1) 

(2) (9) X(11) x(12) x(13) x(14) 
',(10) 

0 05 55 082 091 39,600 59,000 65,50005 .5 

0.67 1.00 1.00 8,000 12,000 13,200 
1.00 1.15 1.38 12,000 13,800 16,600 

0.33 0.38 0,46 4,000 4,600 5,500 

0.75 0.87 1.04 3,000 3,500 4,200 

0.15 0.17 0.21 600 700 800 

0.10 0.15 0.17 400 600 700 

etc. 

references of possible value, particularly the World Bank and 
Transport and Road Research Laboratory studies in Kenya 
(29). 

Overall Project Benefit -Cost Comparisons 

When evaluating a broad range of projects all benefits and 
costs should be In1Cluded, while comparisons among alterna

live desin technology mixes relqUire including indirect ef
fects only wheo they differ iotahly aicross lIhe alternatives. A 

change in the aligir if of Pfie road lialt affects the area of 
ritfiorice, or a chan e ill proiect tiriln thati delays the iricurr
errce of certain benefits and costs rnight iiecessitate inctld
lioc themn i a cost comparison. 

I might be argued that an assessrlient of indirect effects 
shotil(d be exteinded t) incld eJ(Iethe cots and benefits associ
ateod Vith sIch iflst1ttitOil hL1ldulgJ 21( sopport activities as 

cortictor rind toot developrieot. unterverition in iutrition and 
health. arnd overall projram p)larlrling and development that 
can accorripariy tue introrlchotior of a labor-based program. 
The forthcomin World Bank handbook (2) proposes han
dlim these costs as off-site overheads (tirectly attributed to 
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the resources in use this approach, however, fails to include 
the resultant benefits. 

Having evaluated the benefits and costs to be included in 
the overall analysis, the alternatives may be ranked accord-
ing to traditional benefit-cost evaluation procedures: net 
present value, benefit-cost ratio, and internal rate of return. 

SOCIOECONOMIC FEASIBILITY 

Market or prevailing costs are those costs normally measured 
in any business transaction. Ina normally operating competit-
ive economy the prevailing prices reflect relative factor scar-
cities such that decisions based on these prices yield an 
efficient allocation of resources that maximizes social welfare. 
It is a well-known fact, however, that in many developing and 
even industrialized countries, the market prices of resources 
may diverge from their true social costs. Decisions based onmaysedires,fromastherotrueso ts. Decfi iinbsedn 
these prices, such as those of the profit-maximizing entre-
preneur, can thus result in less than optimal use of resources. 
This calls f; redoing the assessment discussed above of the 
feasibility of alternative means of construction and mainte-
nance of low-volume roads using the social value of inputs 
and outputs over the life of the project. This is particularly
,Important in cases where the more labor-based techniquesthncill 
io not appear to be financially feasible. Market price distor-
tions indeveloping countries typically inflate labor costs and 
deflate equipment costs, thereby biasing the assessment 
toward the use of equipmPnt.. 

The shadow or accounting prices used in socioeconomic 
relative 

Ioant iases were moearbMased tiuestr 

feasibility assessment may simply reflect the true relatscarcity of the resources (or efficiency prices), or they may go
further to reflect certain developmental objectives (or social 
preferences) as well. Such pricing mechanisms used in this 
context effectively broaden the single-objective analysis of 
minimizing cost to a multiobjective analysis, whereby other 
national goals and social objectives such as growth and 
equ ity m igh t b e in corp ora ted . It may be a ppro priate to tryfr 
various sets of prices reflecting different approaches to the 
question of optimal allocation of resources available to the 
economy. Alternatively, application of the concept of utility 
theory, instead of a pricing mechanism, might be used in the 
framework of a multiobjective assessment insituations where 
itmay be difficult to measure the various attributes inmone-
tary terms. For the purposes of evaluating the socioeconomic 
feasibility of various resource mixes inconstruction and ma'-
tenance of low-volume roads, the approach might reasonably 
be limited to the use of shadow prices. A brief discussion 
follows of some of the reasons underlying the potential inap-follwsth f soe oreaonsundrlyig te ptental ap-
propriateness of market prices for analysis, and the de-
velopment and use of shadow prices in the assessment ofconstruction and maintenance alternatives. 

o ad nmay 

Potential Inappropriateness of Market Prices 

Use of market wage rates, market prices, and the official 
foreign exchange rate in situations where these prices are 
distorted may lead to the adoption of inappropriate versions 
of project alternatives. Price distortions may result inwasting 
scarce resources like capital and foreign exchange and un-
derutilizing abundant resources like unskilled labor. Two 
examples serve to illustrate the use of adjusted or shadow 
prices in such situations: 

Unemployed workers in a given country receive un-
employment benefits amounting to 40 percent of the 

current daily unskilled labor wage. If the government 
uses some of these unemployed workers on productive 
investment projects, their wage should be valued at 60 
percent in evaluating these projects. That is, the gov
ernment is committed to pay unemployment benefits 
amounting to 40 percent of the current daily wagewhether or not these workers are hired for the proposed 
projects. A private entrepreneur, on the other hand, 
should use the current wage rate in his profitability
analysis. That is,he will have to pay the hired labor out of
his pocket because the government will stop the unem
ployment payments as soon as the worker is hired; un
less, of course, the government reimburses the private 
entrepreneur for such payments. 

In another country the government is considering hir
ing self-employed workers for a road project. These 
workers will be paid the current market wage of US$2 a 
day on the project. At present, however, these workerspick wild berries, which they sell at the end of each day 
for US$1.5. Daily wages on the road project therefore 
should be valued at US$1.5 by the government, because 
each worker hired means aloss of US$1.5 of output daily. 
The private entrepreneur, on the other hand, should 
again use the US$2 rate unless the government sub
sidizes the difference. 
The prices of any or all of the resources used in construc

tion, as well as the discount rate, may be distorted when 
valued in market or prevailing erms under conditions in ne
veloping countries. Market rati-s for unskilled labor tend t4. 
iedbcuseo vretat polici including mnimum 
inflated becauseof governmpntal policies including minimum 
wage laws and social security taxes, the influence of unions,
and extended family culto'ral situations. 

Imported equipment market prices will be understated if 
the local currency is overvalued at the official foreign ex
change rate. This is often intensified by the availability of 
foreign loans exclusively 'for equipment at concessionary 
rates of interest. The failure on the part of the official exchange 
rate to adequately reflect the gains or losses to the economym o t i ng r g v ng u a n d ii n l u it f f re n ex 
from obtaining or giving up a dditional unit of foreign ex
change naturally affects all resources using foreign ex
change. The net effect is to encourage the choice of 
technologies that require a high proportion of imported goods 
and a low proportion of domestic ones. 

The market wage of skilled labor and the market price of 
local materials isalso subject to distortion, although the direc
tion is less clear. For example, the production of materials 
requires use of labor and foreign exchange; their relative 
proportions determine whether market prices are higher orlower than their shadow prices. A monopoly in the supply ofloethnhirsawpic.Amnplyntesulyfmaterials might result in the producer setting market prices

tanh might in a free tainsmarket 
higher th at ion of in asfrs thrket sit overnment subsidization of investors through low interest loans 

result in lower production costs and thus lower market 
prices than if interest rates had not been lowered. 

The market rate of interest in developing economies tends 
on the-average to be understated, resulting in even further 
bias toward technologies that demand capital. The interest 
rate serves as an indicator of the marginal return on capital (in 
equilibrium in a perfectly competitive economy) that equals 
the rate of decline of the value of consumption over time; the 
lower the rate, the slower is the decline. Imperfections 
abound in the capital market in both industrialized and de
veloping countries. Governments typically impose ceilings on 
the interest rates applied by a country's financial institutions 
to encourage investments by small borrowers, favoring con
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Table,27. Costs (pesos) of alternative techniques of building the Capas-Botolan road in the Philippines at market and 
shadow prices (4). 

Technical data Method Man days (M) Market Shadow price 

Item Quantity Equipment (E) price Low wage High wage 
high rental low rental 

Cicaringand 22ha 1 M 5256 43704 20016 37620 
grubbing -E bulicarts and tools 7 050 4 370 4 370 

2 M 615 6238 3 178 5308 
E bulldozers and trucks 51 912 49437 36237 

3 M 1074 9112 4311 7800 
E:bulldozer and handools 37 426 45 291 33 695 

Excavation 160 000 m 3 - 1and 3 M, 57 696 569784 245703 503434 
laverage) 	 E:bullcarts, wheelbarrows, ploughs and pneumatic
 
100m haull roller 246216 165715 140371 

2 M 2 226 22505 19397 20821 
E bulldozers, graderssheeproolandpneumatic roller 940829 1141 653 836 732 

Softrock 2 982 rn 1 M 5 160 42246 78440 36480 
excavation E handlools and wheelbarrow 3 080 2 957 2 957 

2 M 289 4839 3046 3632 
E dynamite and bulldozer 49 558 41 384 31 590 

3 M 2442 21409 10491 18521 
E dynamile and wheelbarrow 24006 20938 19618 

Ecavation 790 rnJ 1 M 725 6352 2975 5225 
for E haridlools from item 105a 0 0 0 
structures 2 M 651 6320 2620 5443 

E handlools from item 105a 0 0 0 
3 M,651 5332 2281 4612 

E handtools from item 105a 0 0 0 
Foundation 125 nm I M 36 300 044 258 

fill E duprn-trucks and payloader 750 638 638 
2 M 55 458 197 384 

E durITp-trucks and payloacer 798 492 347 
3 M 58 480 195 425 

E farot tractor and trailers 567 695 467 

Overhaul 	 143 000 1 M 900 7200 2880 6300 
station E,bullcarts 7200 3915 3915 
rneter 2 M 45 540 432 432 

E clump-trucks and payloaders 19830 12930 9090 
3 M 74 740 473 614 

E. farn tractor and trailers 	 7 602 9 983 6 706 
B6rrow I1100m 3 I M 3005 25992 13480 22580 

base E, dump-trucks and payloader 89 163 37 308 35 108 
(5kin) 2 M 329 3651 2480 2817 

E: clump-trucks and payloader 88 260 67 904 47 877 
3 M. 4 330 37896 18810 41000 

E:tarm tractor and trailers 	 68506 71.046 48600 

Concrete 381 m 3 1.2 M 1 308 13100 2823 10870 
and 3 E:concrete mixer 11416 14 096 9350 

Reinforcing 345 tons 1,2 M: 412 3600 1680 2610 
steel and 3 E iron cutter and bender 290 278 278 

Reinforced 645 m 1,2 M: 3656 32860 18348 27708 
concrete pipes and 3 E: handlools 

1,2 and 3 Materials: concrete and steel bar 172014 146 682 146 682 

Total cost 1 Eolpment, materials and labour 1282 317 706 448 996 754 
(Cost per kin) 222 624 122647 173048 

2 Equipment. materials and tabour 1429 018 1533 057 1 198 208 
248093 266 156 208022 

3 Equipment, materials and labour 1262 359 783 839 1 023 361 
219 160 136083 177667 

Note Methods: 	 1 = labor-based 
2 equipment-based 
3 = modified labor-based 

Shadow Price: 	 The tow wage-high rental and high wage-low rental combinations give the likely range ofthe social costs of 
building the road by alternative techniques 

The purely labor-based method was not in tact implemented both of the other methods were used. 
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sumption tomorrow as opposed to today. Indeveloping coun-
tries where current consumption is already low, however, the 
tendency is to resist further restraint that may allow future 
generations a higher level of consumption. As a result, the 
social rate of discount in developing countries is generally 
above the market or prevailing rate. 

Development and Use of Shadow Prices 

Estimating shadow prices and the social rate of discount 
remains a complex process that is still open to considerable 
discussion. Numerous alternative formulations exist in the 
literature, each with certain strengths and weaknesses that 
are more or less appropriate in particular country or project 
scenarios. National goals and development objectives enter 
rather importantly into the derivation of these adjustment fac-
tors. It makes sense, therefore, that these be estimated by a 
team of economists working closely with the public planners 
for use in the nation as awhole, or at least on a regional basis, 
and for the various categories of investments facing a de-
veloping country. The overall decision to use sh:,Jow rather 
than market prices in project evaluation is a high-level one, 
and can have a significant influence on the projects to be 
implemented. In the particular case of technology choice, the 
socioeconomic assessment of the alternatives might be most 
appropriately perceived as a complementary tool to the fi-
nancial assessment. Nevertheless, in the interest of avoiding 
duplication of work and of keeping the assumptions underly-
ing their estimation reasonably consistent, it is worthwhile 
centralizing the derivation of the adjustment factors in the 
national planning agency for the social pricing of alternatives, 

Several approaches to the formulation of shadow prices 
currently exist; the main ones are those of UNIDO (25), 
OECD/Little and Mirrlees (24,27), and Squire and van derTak 
(26). Much has also been written and discussed qn the pros 
and cons of each and their similarities and differences. The 
February 1972 issue of the Bulletin of the Oxford University 
Institute of Economics and Statistics, for example, contains 
nine papers on the UNIDO and OECD approaches. The Inter-
national Labour Office Manual on labor-intensive road con-
struction (7) may be of more immediate assistance in this 
area. 

In the very simplest of situations and worlds, one might 
estimate the shadow price of labor along the lines of the two 
brief examples cited above. However, conditions such as 
open versus seasonal unemployment, and developmental 
objectives such as present versus future consumption and 

CHAPTER 4 

Issues In Implementation 

At this point, the existence of a wide range of alternative 
technologies for low-volume road construction and mainte-
nance has been recognized, and a framework within which 
policymakers, planners, and chief engineers might begin to 
evaluate these alternatives in technical, financial, economic, 
and social terms has been identified. In considering the utili-

rural versus aggregate consumption, clearly have a signifi
cant effect on the resultant shadow prices. The use of differ
ent approaches to the derivation of shadow prices can simi
larly affect their values, and potentially the projects ultimately 
selected for implementation. Although estimated shadow 
prices may not be completely accurate expressions of the 
true social value of inputs and outputs, they are generally a 
better measure of that value than is provided by market 
prices. 

Given a representative set of shadow prices, any of the 
various levels of the financial feasibility assessment outlined 
above might be done using social rather than market values 
for the various inputs and outputs. For example, the screening 
process might be used to ascertain the potential suitability of 
certain programs, projects, or parts thereof to the greater use 
of labor on the basis of the shadow wage of unskilled labor. 
Table 27 gives an assessment of the construction costs for 
alternative means of building the Capas-Botolan road in the 
Philippines under market orices and under two sets of 
shadow prices covering the range of social costs. Although 
the labor-based and modified labor-based methods fare well 
in this particular example, significant changes in cost are 
evident across the three pricing schemes. Such an assess
ment of construction costs might be extended as necessary 
to include maintenance and user costs as well as other quan
tifiable project benefits and costs, all at prices representing 
their true social value rather than their market price. 

Insummary, the assessment of the socioeconomic feasibil
ity of alternative means of construction and maintenance of 
low-volume roads represents the final step in evaluation. In a 
situation where using more labor in construction is both tech
nically and financially feasible, it will probably also be eco
nomically and socially desirable without going through this 
final assessment. On the other hand, if the use of labor-based 
techniques looks technically feasible but the financial feasibil
ity is doubtful, the final step of investigating socioeconomic 
feasibility is necessary. Ifthis too looks doubtful, and there is 
reasonable confidence in the shadow prices being used 
(perhaps most readily achieved by using more than one set), 
then the proposal to use more labor in this manner might be 
set aside at least as long as circumstances remain the same. 
If,on the other hand, labor-based techniques look '3asible in 
socioeconomic terms, they should be seriously considered 
for the economic and social well being of the nation as a 
whole. One final point, of course, is the fact that it is the 
financial cost that represents the actual outlay of money for 
the road. 

zation of alternative technologies, a wide variety of issues 
arises that might be broadly grouped as national and local 
level concerns. The introduction of labor-based alternatives 
to rural road programs where equipment was previously used 
isstill in the early stages of experimentation. Much of what can 
be said at this point is based on the few programs that have 
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'.beenimplemented todate in such ciuntries as KeriaH~ri .. 
duras, and Mexico, and much of what can be said about 
those programs isnecessarily more speculation than experi-
ence. 

This section of the synthesis draws heavily upon the various 
manuals that have been or are being published by the Inter-
national Labour Office, World Bank, and the Agency for Inter- 
national Development, pertaining to the implementation ot 
labor-based construction and maintenance techniques (2, 7, 
8, 9). The intention here is not that this section also be a 
manual, but rather that it present an overview of the issues 
and concerns that might arise. These are most appropriately 
discussed in terms of two overlapping levels: 

1. 	the national or program level, which entails more 
policy-related issues like orientation and goals of the 
program, financial arrangements, training and contrac-
tual procedures, support activities, program organiza-
tion, staffing, and start-up; and 

2. 	the local or project level, which entails more of the de
tails of planning and implementation at the site such as 
mobilization and site organization, work scheduling, re
source supervision, and project monitoring and control. 

The extent of the discussions regarding these various issues 
is a function both of their particular relevance to the use of 
more labor inconstruction and maintenance and of the level 
of knowledge acquired to date. The manuals cited above 
should be referred to for the full details, 

NATIONAL LEVEL - THE PROGRAM 

A labor-based program of low-volume road construction and 
maintenance can be considered as a rural public works pro-
gram. The issues and concerns that arise in the course of 
initiating rural public works programs might be broadly 
grouped as those pertaining to 

1, conception and planning of the program, 
2. 	 creating an environment that is supportive of the pro-

gram, 
3. 	 program organization and financing, and 
4. 	start-up and full-scale operation of the program. 

Conception and Development 
Identification of Program Goals 

Rural public works programs by their very nature have multi-
pie objectives and are therefore often seen as an attractive 
means for addressing the interrelated problems of unem- 
ployment, income distribution, and economic growth while at 
the same time providing needed economic assets. Program 
objectives can range from concentrating on creating em-
ployment to emphasizing the creation of economic assets. 
Such variations in objectives reflect differences in national 
ideologies and development models, the nature and severity 
of underlying problems, and priorities with which gov-
ernments regard these problems. A country that experiences 
-the problems accompanying widespread rural unemploy-
ment might consider a labor-based program of low-volume 
road construction and maintenance as one of the more prom-
ising public works options available to help deal with these 
problems. 

All public works programs generate employment while 
producing useful economic assets. Public works programs 
can be classified according to their dominant employment 

-
bjectives and intended effectson targetgroups. Four or 
mon classification are 

1. relief programs, 
2. 	long-term employment programs, . 

3. income augmenting programs, an'J 
4. low-cost infrastructure program,, 

Each of these schemes is useful at different times and under 
different circumstances; a particular program begun with one 
set of objectives may move to others over a period of time. 
However, only asset creation programs are primarily con
cerned with building or improving real assets like roads, and 
at the same time increasing the efficiency of unskilled labor. 
Labor is regarded more as a rational productive resource 
than as a recipient of income assistance under such pro
grams. Asset creation programs, therefore, address the fun
damental structural problems underlying rural poverty, rather 
than simply trying to relieve the present consequences of the 
problems. 

Assessment of Overall Feasibility 

In order to assess the need for and general feasibility of a 
labor-based program of low-volume road construction and 
maintenance among other public works activities, planners 
need detailed information on a number of issues. 

First and foremost, data on the extent, location, and sea
sonality of unemployment and underemployment are required 
to assess the appropriate size, timing, and location of the 
program. 

Understanding the economic and social characteristics of 
the target group is important if program benefits are to be 
adequately projected. To benefit from a public works pro
gram, the target group must either be willing and able to be 
employed in the construction phase and thus receive wages, 
or be ina position to derive benefits from the operating phase 
through increased opportunities for employment, enhanced 
productivity of owned assets, or increased access to ser
vices. The reasons behind rural unemployment, the pattern of 
nonagricultural activities, and other factors affecting the 
target group's ability and desire to accept additional em
ployment must therefore be known. 

To properly plan public works investments, it is essential to 
have a good assessment of the quantity and quality of exist
ing facilities. For rural road programs this requires information 
on the existence, location, and condition of rural road'assets, 
and the potential for developing them to meet future de
mands. Data on future transport needs that may arise in 
conjunction with investments in other sectors are also required 
in order to determine the scope for low-volume rural roads 
and predict program benefits. Data on the nature of income 
and a7,set distribution (particularly land) in areas where roads 
are planned are needed to ascertain the distribution of program 
benefits. Information on population density, disaggregate 
unemployment, and the response of labor at different wage 
rates isnecessary to determine whether sufficient numbers of 
workers might be available for road projects without impairing 
agricultural activities. 

Finally, information as to managerial and technical compe
tence and resources, both public and private, at the local, 
regional, and national levels is essential for the administrative 
design and implementation of the rural roads program. 

Rural road programs, among other public works programs, 
can be useful instruments inmany countries that experience 



rural unemployment and poverty,-While there is no clear-cut -.--,.. this early- stage. At. the same.time,..cooperation. among the
"rural works' profile, the composite picture of a country er 
region that is likely to be successful in such a program might 
be as follows: a high dependence on agriculture, i eavy popu-
lation pressures on agricultural resources, settled population 
patterns, instability inproduction of food crops, and an admin-
istrative capacity sufficiently developed to pro/ide the 
needed decentralized skills. 

Establishment of Initial Program 

Successful labor-based programs will extend over several 
years, will encompass multiple projects, and ultimately will 
employ thousands of workers. As with any complex disci-
pline, competence in the implementaton and execution of 
labor-based techniques comes only with experience. Field 
studies by the World Bank and the International Labour Office 
confirm that the most pressing need for assistance in de-
veloping this competence occurs during initial program de- 
velopment. Once under way, well-managed labor-based 
programs become self-sufficient in subsequent monitoring, 
justification of candidate projects, and administration. 

Labor-based programs cannot be quickly introduced, 
A long time period isneeded to properly validate and sustain 
labor-based efforts. This isbecause it is necessary to estab-
lish their technical and economic feasibility, including pro- 
gram design as well as data collection and analysis, and to 
develop their institutional and administrative support 
requirements. Typical rates of work accomplishment under 
labor-based methods also must be considered. During this 
initial stage, a country must mobilize the opinion of its profes-
sional civil service behind the labor-based effort - particu-
larly the engineering staff of the road authority. In many in-
stances, the problem of obtaining an enthusiastic commit-
ment may pose a serious obstacle to the successful im-
plementation of labor-based methods. The educational con-
ditioning toward more advanced technologies is well known; 
accompanying fears of a loss of professional prestige or 
discrimination in salaries and promotion are other ideas that 
may be associated with the implementation of labor-based 
techniques, and these may be further complicated by an 
attitude that manual labor is undignified and degrading. 

Experience has shown that the best way to begin is with 
relatively small demonstration projects having three objec-
tives: 

1. to demonstrate the feasibility of labor-based methods 
by constructing a reasonable number of small-scale, 
pilot, rural road projects in various locales and terrains; 

2. 	 to build the foundations (mainly through staff training 
and experience) for the organizational and administra
tive capabilities needed to support sufficient applica
tions of labor; and 

3. 	 to encourage private industries and concerns (e.g., 
local contractors and hand tool manufacturers) to con-
tribute to current efforts and their future expansion. 

Properly administered demonstration projects prepare the 
way for an eventual full-scale program encompassing many 
sites and types of rural road projects. However, it is important 
to recall that demonstration projects will often represent the 
first organized use of labor-based techniques within a coun-
try's socioeconomic environment since shortly after World 
War I1.Project planning, supervision, and monitoring must 
therefore be careful and complete, lest credibility be lost at, 

involved public and private agencies must be facilitated, the 
program staff must be recruited and trained, and all con
cerned parties must be convinced of the merits of this new 
approach. 

The final step in program development is to determine 
procedures for program management and control. As an 
asset creation program, a labor-based rural roads program 
strives for the 'efficient use of labor resources throughout 
program life. This may be done by., 

1. identifying and designing ru al road projects that may 
be built and maintained rpmpetitively by labor-based 
methods relative to equiprnent-based techniques, 

2. designating labor for selected project tasks for which it 
is well suited (e.g., Jhort-haul earthworks or selective 
quarrying), and 

3. improving the productivity of the labor (e.g., through 
better management, enhanced health and nutrition, 
more appropriate and better quality tools, and training). 

This requires that labor-based planning and management 
during the full-scale program occur interactively at two levels. 
At the central or national level, planners must be able to 
initiate and coordinate public sector activities and provide 
private sector incentives directed toward the successful use 
of labor-based technologies. A second level exists in close 
proximity to the dispersed field sites where projects are actu
ally underway. Here the functions are to monitor work ac
complishments and costs; administer payments, medical aid, 
and nutritional assistance to workers; and provide detailed 
technical supervision and inspection. 

The interrelationships between central program planning 
and site implementation components must be continuous 
throughout the program duration. For instance, program 
planning may identify those projects or activities that initially 
appear to be most favorable for demonstration validation of 
labor-based methods. Data subsequently collected from pilot 
projects at the sites may in turn be used to refine these initial 
technical and cost estimates, thereby influencing future pro
gram planning decisions. Similarly, as better field data be
come available, the need for further monitoring at the site level 
can perhaps adjust the type, quantity, or detail of data re
quired. 

Creating a Supportive Environment 

Institutional Measures 
The likelihood of program success will be enhanced if certain 
attitudinal and educational measures are adopted for the 
professional implementing staff, along with certain contrac-

Education
 

Even when administrators and engineers have received an 
education that should enable them to envisage the use of 
alternative technologies, their approach may be biased. The 
environment from which the "best-practice" techniques are 
standardly borrowed is one in which labor is scarce, hence 
the tendency to equate efficiency with equipment-based 
methods. It has repeatedly been demonstrated, however, 
that labor-based methods of low-volume road construction 
can be competitive with equipment-based options in low
wage, labor-abundant economies; moreover, wherever they 
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. are .not,-requirements of financial competitiveness.must. be .... ,,Support Activities.............
 
weighed against those of social and economic desirability. 
The inclination of the professional staff to use equipment-
based methods also stems from the opinion that operational 
problems involved in managing many laborers can be 
avoided by using these techniques. While this may well be 
true. ithas been shown many times in many countries that the 
problems of labor management are not insurmountable. 

Also, there are very real problems involved inusing heavy 
equipment in developing countries that should not be ig-
nored, such as shortages of spare parts, late deliveries, can-
nibalization of equipment, and lack of skilled manpower. 
Moreover, the cost of equipment breakdowns and underutili- 
zation is often left out when assessing the efficiency of such 
equipment. 

Because overly specialized training has at times prevented 
engineers and technologists from considering alternative so-
lutions to a given problem, diversifying training curricula to 
include discussions of intermediate or appropriate 
technologies using practical illustrations should be encour-
aged. Special seminars and training courses could be orga-
nized using material designed to enhance the acceptability of 
technological alternatives, and demonstration projects could 
be used to give such techniques social sanction. 

Contract Procedures 
The contract bill of quantities is a key element in the project 

documents and bidding process. Alternative designs for all or 

part of the work or alternative specifications for the required 

engineering performance to permit the use of labor or 

equipment-based techniques must necessarily be reflected 
in alternative items in the bill of quantities. This should leave 

the bidder free to choose those alternatives that make best 

use of his particular expertise and resources. Work quantifies 

of similar character are typically grouped together, so that the 

tendered rates are ineffect average rates covering the range 
of circumstances anticipated. The usual grouping, however, 
may be inappropriate for labor-based methods (e.g., opera-
tions involving haulage) and should thus be varied as appro-
priate to alternative technologies. It may also be useful to 
subdivide work items in the way the work is to be carried out 
and paid for by the contractor, particularly when the contrac-
tor is relatively inexperienced or of limited financial resources. 
Payments for locally obtained materials should be consid-
ered in much the same way as for manufactured materials, It 
may also be desirable to adopt differing methods of work 

for similar work executed under differentmeasurement 
on atechnologies. For example, when labor is employed 

piecework basis, work could be measured at the borrow pit 
rather than measuring the completed work in place in the 
embankment. Adjustments of this nature should result in a 
relatively unbiased contract bill of quantities, 

Bidders can prepare their tenders based upon these 
modified contract documents and their perceived financial 
feasibility criterion (described in Chapter 3). The changes 
introduced into the terms of oidding and the contract and 
associated documents to augment their technological flexibil-
ity may, however, result in bids that are not directly compara-
ble on the basis of cost alone; they may differ in timing, cash 
flow, performance, and life, among other factors, Bid evalua-
lion should take this into account as quantitatively as possi-

* 	 ble, and the methods of evaluation should be made explicit to 
all bidders at the outset, 

Other measures in support of and complementary to labor
baser cnsutin u deance to laor
based road construction include assistance to local contrac
tors, development of local industry in the form of tool and 
simple equipment manufacture, and health and nutrition 
support measures for the workers. 

Local contractors can be a vital component in the im
plementation of labor-based methods of low-volume road 
construction in the long run, although force account will often 
be used in the early stages. From the outset, the road author
ity should be actively engaged in the identification of potential 
small contractors, These might be foremen of the force ac
count operation, headmen of nearby villages, or small local 
entrepreneurs engaged in construction-related activities. The 
potential contractors may initially possess only limited ability 
to undertake even small projects or portions of projects, as 
they may typically have few formal skills in contracting or 
construction management, and may be financially unable to 
experiment with unfamiliar technologies. Therefore, the iden
tification and development of small contractors should be 
undertaken as early as possible, so that over time, through a 
program of training and assistance, a sufficiently large 
number of local contractors would become available to 
undertake an expanding volume of work. 

This is not to say that the work cannot be performed by 
force account, or that there are not certain advantages to anin-house approach. An established force account can some
imeso be mobilized rapidly, lcanepeform wo u bt to de

s be mobility raiy , an erfoam work to 

sign and quantity uncertainties, and can generally work to 
more flexible design and quantity uncertainties, and can 
generally work to more flexible design standards than can 
genernswor to more, de pardsetan can 

concerns under contract. Furthermore, departmental forces 

can potentially use technologies and materials that conform 
more closely to real resource availabilities rather thlan those 

e o e y preal reprce s her aa oa 
evoKed by prevailing market prices. Where a local contract
ing industry is lacking, force account operations provide an 
attractive alternative to the use of foreign contractors while 
simultaneously providing the training necessary to eventually 
establish a local construction capability. 

Force account operations generally enjoy greater flexibility 
because their activities are not subject to the financial sanc
lions often imposed on contractors-although this also leads 
to some disadvantages. Because departmental forces are 
externally financed and do not compete for work, they may 
have less incentive to maintain or increase cost efficiency 
because quality and/or volume of production can often be 
rpri ved to meet budget requirements. In short, the force 
account approach may involve a basic conflict of interest that 
can result in inefficiency and inadequate productivity. 
Further, the development of a major departmental construc
lion capacity may have a dampening effect on the develop
ment of a competitive domestic contracting industry, which 
would likely be more efficient than departmental forces for the 
full range of construction activities. The force account agency 
may eventually dominate all rural road construction and lose 
sight of its primary functions of administration, coordination, 
supervision, and maintenance. 

Inprinciple, private contractors have the necessary flexibil
ity and incentives to execute rural road construction projects 
efficiently, although existing contractors often show little in
clination toward labor-based methods. Because large con
tractors have generally developed specialized expertise in 
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using heavy equipment, they are unlikely to consider labor-
- ~ based technologies, which are pecivda management-

based, time consuming, and generally inefficient. Potential 
labor-based contractors thus seem more likely to arise 
from the foremen, overseers, and supervisors of force ac-
count operations who already are familiar with labor-
based methods. Because they are likely to be lacking training 
in technical and business practices, the potential contractors 
should be given access to instruction in matters of operational 
efficiency. It might be profitable for the road authority to set 
aside sufficient funds to provide the necessary technical ad-
visors with some background and experience in labor-based 
contracting. Topics to be covered could include the funda-
mentals of bidding and contract documentation, including 
specifications, methods of payment, etc.; estimating costs 
and pricing of bids, including risk analysis; record keeping 
and programming of works; financial planning and budgetary 
control; personnel management; and on-the-job training, 

Small contractors in general, and those attempting labor-
based construction for the first time in particular, may require 
short-term financing to meet start-up costs, such as labor 
mobilization, erection of camp sites, and procurement of 
tools, light equipment, and materials, and during operations 
to ensure cash-flow and liquidity. However, local contractors 
typically have no collateral with which to secure commercial 
credit. The road authority could provide financial assistance 
through improved payment provisions in the contracts. Thpse 
might include advances for mobilization and procurement, 
which could be recovered during contract execution; prompt 
payment for completed work; alternative mechanisms to the 
usual performance bonds and bank guarantees for govern-
ment guarantees for registered local contractors; and re-
duced level of retention monies - although some should 
probably be retained throughout the maintenance or warranty 
period. Working capital loans through the banking sector, as 
mentioned above, are also a possibility but probably not 
before the contractors are relatively well established. 

Organization and Financing 

Administrative Structure 

A labor-based program of low-volume road construction and 
maintenance is in many respects a unique type of develop-
ment program that requires organization and cooperation at 
many levels of government and the participation of private 
interests, As a result, organizational forms and concepts that 
may be unfamiliar to the professional civil service may be 
necessary. Given a full understanding of program objectives, 
decisions must be made as to which agencies and what 
governmental levels have the capacity to administer the pro- 
gram. Centralized control has proven inadequate in the past; 
development planners should therefore consider decentral-
ized options available outside the national government for 
developing an administrative structure that must be innova-
tive, highly flexible, and conducive to internal communication, 

Decentralization is necessary for the efficient planning, 
organization, and implementation of any rural road program 
for several reasons. First, it is impractical for an overly central-
ized administrative structure to develop detailed project 
plans, select judicious locations and implementation proce-
dures, and maintain close and substantive supervision over 
all project works in a widely dispersed program. Second, 

including the local population, leaders, and institutions in the 
process of project selection, designi, an u~vi6 
incorporate local conditions and needs, enhances interest in 
andsupportfortheprogram, ensures proper use of funds and 
maintenance of completed works, and mobilizes supplemen
tary local resources. Third, the responsible involvement of 
local administrative and technical agencies inall phases of 
the project increases their competence and efficiency and 
enhances their prestige among the local population. 

The role of the central government in any large-scale na
tional program remains crucial, nevertheless, because cer
tain policy and planning decisions must of necessity be taken 
at the national level. Even when functions and powers are 
delegated to loca' administrative or technical agencies, there 
remains the need for some minimal central control over key 
procedures. Governments intending to initiate ambitious 
labor-based programs must thus determine at the outset what 
planning and policy decisions the central government is to 
make and what powers itwill retain; what functions should be 
delegated and how the recipients of these functions should 
be determined; and what control be exercised over the recip
ients of these functions to ensure the achievement of overall 
programs. 

Centralized administrative control over local project ac
tivities should include the provision of guidelines for site 
selection, technical designs, and work procedures; the estab
lishment of systematic reporting and progress monitoring 
procedures; the establishment of effective accounting and 
auditing procedures; and frequent inspection of project sites 
by senior personnel from the agency responsible for the 
program. Aside from these, the active involvement of local 
institutions and leaders in project selection and supervision 
may in itself be the most effective guarantee of proper use of 
authority delegated to local administrations. 

Financing 

The administrative organization cannot be expected to ac
complish the program objectives without an adequate and 
continuing budget. The regularity of program activities will 
depend to a great extent on the timeliness with which the 
central government allocates program resources to regional 
and local administrations. Moreover, considerable flexibility 
in procurement and disbursement procedures will help to 
ensure the timely supply of labor, materials, tools, and 
equipment to dispersed project sites. This flexibility could be 
reflected in granting regular advances, under a predeter
mined ceiling, to meet project execution costs. 

Labor-based methods are often criticized for their slow 
pace and excessive delays, Preliminary research in India has 
co'lirmed this view, although further investigations have 
shown delays were more often than not due to an interruption 
in project financing. There is a strong tendency to try to 
spread a limited budget across to many projects when labor 
is being extensively employed. This happens less frequently 
in equipment-based projects because there ismore recogni
lion of certain minimum budgets for such sites. Moreover, it is 
often argued that labor can be more readily hired and fired, 
while equipment isdifficult to shift among sites and expensive 
to leave idle. 

Such attitudes are detrimental to labor-based programs, 
whether pilot programs or full-scale operations; a labor
based rural road construction program cannot succeed with
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out a guaranteed, long-term budget and regular cash flow. 
....The Ministry -of Finance should designate funds solely for 

program use, with annual allotments directly under road au-
thority control. Positive and persistent action on the part of the 
road authority in this area isimportant. The Ministry of Finance 
may not understand the fragility of labor-based methods, 
believing they can be interrupted with little consequence: 
hbwever, intermittent and irregular work schedules will signif-
icantly reduce productivity and inhibit rational planning. 

Implementation and Operation 

Pilot Prugram 

The r.ilot program serves to demonstrate and test the use of 
labor-based construction methods on a small scale, It repre-
sents a commitment to build a limited number of rural road 
projects within a relatively short time and at a cost and quality 
comparable to that for similar works executed by 
equipment-based methods. If labor-based construction is 
shown to be feasible on a wider scale, the pilot program will 
also have laid the groundwork necessary for program expan- 
sion by introducing labor-based techniques within an actual 
working environment: in so doing, the organizational, admin-
istrative, and local industrial skills required for a larger pro-
gram are built. The importance of this work in terms of data 
collection (apart from its role in asset creation) is in formal 
undertaking of field observations and reports, analysis of site 
costs and productivities, and ifneed be, modification of proj
ect design, administration, or support activities. Figure 27 
suggests a basic structure for such a pilot program. 

These several aspects of the pilot program collectively 
define what sill be termed demonstration projects. Experi-
ence has shown that a program of demonstration projects 
lasting from twc to four years is helpful for the introduction of 
labor-based me'hods in countries that are unfamiliar with 
them. Among thelr important results are staff training and 
resolution of the unavoidable administrative and organiza-
tional problems that arise when an unfamiliar technology is 
first introduced. However, the most valuable contribution of 
the pilot program lies precisely in its quality of demonstration, 
A rural road actually built by hand, at a cost and to a quality 
comparable with equipment-based methods, not only vali-
dates the professional judgmeni of planners and engineers 
but also removes any lingering ocubts about the appropri-
ateness of labor-based technologies, 

The gradual expansion of the pilot program as the demon-
stration projects progress will allow mistakes and shortcom-
ings to be identified and corrective action taken, while the 
scope of labor-based methods is still quite limited. Similarly, 
the road authority will be given the opportunity to collect 
reliable cost information regarding the use of unskilled labor 
in actual road construction, permitting refinement of feasibility 
estimates. In addition, relationships will be established in 
supervisory staff-labor force ratios, and the costs of labor and 
staff training will become more certain as actual conditions in 
the country are taken into account instead of averages from 
international experience, 

Larger Program 

Full-scale program implementation represents labor-based 
rural road construction at maturity (see Figure 28). With 
technological feasibility already established, central planning 

can be focused more on the efficient role of labor-based 
.- methods in asset creation, which will entail both the construc- ............ 

tion of rural roads and the enhancement of labor productivity. 
Thus it is incumbent upon the implementation staff to maintain 
and expand the institutional framework that is set up during 
the pilot program, to increase program flexibility through new 
applications of labor-based methods, and to promote the 
necessary incentives and support services for laborers and 
small contractors. 

Project Formulation 

Appropriate guidelines for project design should be de

veloped early in the program. As a minimum, ranges for the 
following criteria should be presented, subject to revision as 
the program progresses: 

1. appropriate geometrics, including cross-section and 
alignment; 

2. maximum grades for different surface types; 
3. 	appropriate structural designs; 
4. variability in project scale and timing to conform with 

anticipated variations in the labor supply; 
5. 	ranges of costs for different standards; 
6. 	anticipated maintenance requirements for different de

signs; and 
7. labor requirements for different construction tasks and 

methods. 

One of the purposes of the pilot program is to assemble this 
sort of information, because the lack of cost and productivity 
data for a range of designs and technologies precludes the 
identification of the most appropriate formulations of potential 
projects. 

Substantial local participation in project identification is 
important to the success of the program. Villagers will know 
best their needs for projects and their capacities to implement 
them and will have detailed knowledge about the local condi
tions that are important in project design. Involving the local 
community also has the important advantage of mobilizing 
local energies and interests behind the program. Ifit is "their" 
project, the chances of creating public involvement and en
suring continuing maintenance are increased. The types of 
projects eligible under the program, however, should be 
limited and their range of construction methods clearly de
fined, with periodic reviews to be sur. they accurately reflect 
the priorities of the program. In addition, attention should be 
paid to creating long-term employment when deciding which 
projects to include in the rural road program. Moreover, the 
long-term effectiveness of the program will depend to asignif
icant degree on the extent to which the road projects are 
coordinated with other agricultural and rural development 
activities. 

Once potential road projects have been identified, project 
evaluaters will need to determine the most appropriate com
bination of. route, design, and technology for each project. 
Other less efficient alternatives may then be ignored when 
comparing the project against other public investments. To 
be effective, this process must ensure that for each possible 
route and desired quality of output, a range of design specifi
cations and construction methods is identifiable and feasible-
Where the specified standards appear to require the use of 
equipment, it is necessary to question not only the need for 
mechanical equipment but also the routing and specifi
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Figure 27. Possible structure of the pilot program (2). 
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Figure 28. Developing the full-scale program (2). 
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required, it rises rapidly until it becomes attractive for labor to 
migrate from other areas, at which point the wage levels off 
again it this hfiglher value Although its general shape remains 
valid. the supply curve is naturally affected by regional wage 
trsparrlres i d se isonal pressures from other sectors, par

ticularly agncJ!ture Eniquiries among local administrators 
and ag-riciMtiural tending irnstltuions nayiii(licate the otential 
snze o the tabior for at different hines of tlre year and at 
(different wa e rates, althotugh precise estimates only come 
Ion eperrnice It is iml)ortarit flat projects he selected and 

utesinlrtId such thattreir Irmplem tentation oes riot exert 
wic; prs;s r oil t(f aricir ll ri l sector, ether !interns ofrilie rtr 

ltb)r avajliahilhft ; or waq(t levels 

It Is ir orir(tiv( Ifral latrr; hbe )e prormptly amd In full 

c.,Ichipay (lay It is eiu illy iiportaril toeisure thawf ages are 
comr ens rait? with production ri; i(t vice versa, arid lhat fraud 

)revemTed re rlvitble paperwork that musl be done 
hefore furi(s ire refi ,,tj by le c( tral authority, whelfier 
directly to work,(rs ill the cise of force iccoirti or to conlrac
tors the case of cortra;t work. requiresir a e quate and 

cornpelert 1taff if this is; to he (loire re(guIa rly arld oi ltime If 
foo( I; art of gjr(.s local (leveloprri t organizations or 
adriiriistritlors thtoii!i the enlisted to distribule the food, pre
ferably ort rest days or holidays Payments in cash should be 
at least riucnthly, arid i food fortnigfhtly At the initiation of 
protect work. however. it may be advantageous to make 
paymenls imore freguerItly 
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Figure 29. Possible form of labor-supply curve (2). 

Migrant Labor begins 

Unemployed local labor supply
nearly exhaustect 

Laborers responding 

In soni, labor-based protects it may be necessary to 
provide extenciive site facilities for the labor force, which may 
result in srz'-ihle project overlhead5 In cost nuhowever, 
these failities rmay be seen as a form of rernutniration and an 
incentive to work, thfat is. labiorers given adequaIte livig arir 
working coniditionswill respond mnore readily to irianagemerit. 
The size and sionhistcation of the canip wilt depend uipen the 
length of tinie it is occipiedl aiid the size of thre project There 
aire, however. certiin basic reiii on entls riot the least of 
which is a cleUin aid sufficient supply of water for drinking, 
cookinq and '.%ashnqri In ilfficnilt cases this may reqtuire the 
provision of water bowsers; or iIorip of wells. Provision of 
adequate rencal facilities id services is also clearly imnpor-
tant. and ist fncton not only of the size of rfe labor force hit 
also its geieral state of health 

The provision of food arid otfier co1surier goods ISiropor-
tan both frornIhe standpoint of atracting workers and frorri 
that of te workers health arid nurition. Iernateoral con-
parisons indicate fihat a healthy young rate canmove nearly 
3Ties of arlo per days inuritiora Studies in India and 
Bangladlesfi suggest that sucfi effort requires 3,000 to 3.500 
calories per (lay Cereals, such as wheat or rice, provide 
roughly this caloric qcantity per kilograrri Both as a work 
incentive and to improve If nutritional standards of the entire 
family, two to tree kilos of foograin per worker per cay has 
become an international standard, with some programs pay-
ing lower ommodity Wages to women. Fooch payments serve 
both to reduce inflationary pressures and to improve no-
tritional balance ar Cresistance to infection ethereby enhanc-

to wage otfered 

ing worker productivity ancf morale over the longer term. They 
can also facilitate nutritional education by acquainting work
ers with commodities high in food value. Certain problems 
may also arise, however, bolth in the acceptability of comi
modifies to workers and in the distribution of rations. Payment 
in kind may also reduce the incentive for agricultural self
suifficiency and should be limited to workeis who benefit 
dtirectly from the operational phase of the project andJ to 
part-time laborers. 

Staffing and Training 

One cannot overemphasize the importance of good man
agernienl in relation to the success ot taior-based methods. It 
is the moanager after all whoinmust create an environment 
conducive to high labor productivity. He roust riot only be 
technically and administratively competent, but must also be 
soniewoat of a behavioral scientist. He must have a thorough 
understanding of Such factors as ethnic differences, family 
and village iierarcy, attitudeltoward work, and psyciologi
cal irnvolvemnirt of the laborers in his project. At the very least 
ierust ensure that the rates of remuerat ion provide suffi

cient incentives, and fat the labor gangs are composed such 
that each menber isworking with his fellows ard rot against 
them. Greater emphasis Must be given to tfose leadership 
qualities needed to motivate workers over long periods of 
tirne: labor characteristics may vary fro site to site, requiring 
different styles ard nethods of leadership: and tasks that 
might b sperformed in a single machine operation may re
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quire several labor gangs, Imposing the need to coordinate 
activities efficientl, throughout project duration. 

UffortunlatOly, there Is a istinct lack of training in such 
manaqeme,ii skill, In develop)ir ( coutries, aid i ay 
necessary to itjricfh splec,l premraris for this purpose, such 
is ttl recently ritailcit bh,tln Kenyai qovrrnmout for middle 

rrin a(l.i ut persoiril iri,,olvec with abor-based rural road 
coriStfrUiomi S ch iralr "' should ne orierited loward super-

msioriin sticl- areas as t)i and c'ntracl preparatior, evalua-
tori of Ol(t sui[t)iissiOis. responihilites of site supervision. 
coiiif l iatcii of ile recordus payMirerl proceCdures and 
proV'sio; s. Vork a11Ctir AII scedUlhonj. Aid arbitration of 
(ISc)Ltem aind (rio.reaices it is (ebleraile thal such programs 
be reqarte t s ai critfinral part of the fiun;es of the national 
rcac1 authorItV so that courses mighl be directly related to the 
,injeci- oii wlichc the iratirie', will everiialiy work 

he trliiiq proctrrimi 1i;ilor or(jaiizalori cinil iariage-

lntt shoul covr all st'iff rd fielid ,stpervisory posilionS. 
,rid ShO(Jlit he) avaIihle to Il)rinIIrs 'Ind sLipervisory ei-
glineers from roa d aIuthorilty hla (Iqtarters, field anld site 
stupervisors employed by tIhe roa(l authority at he local level, 
and protuiial contractors wio may replace force accourt 
ator ,; the proqram ilevelops In ,adcltiion, appropriate or-
jarnizationat structures should ie created to foster profes-

sional advancement at all levels, froii sernior staff to field 
supervisors One way to (to this Is through 'he creatoii of a 
rewv operational divisioni with n the roai nlhority that is ide-
voted exclusIvely to labor-iased niral ronI conistructinon 
thereby emrionstrating the governmer i s Ioi i-teri ccimit-
iierit to hi)or-tiseJ rimtlihois airid prcvitidg new o and 
career opporHHmitis 

At levels below that of project engrii ieer ii( general, and 
particularly at he overseer level, little fomal tech' ical educa-
lion is needed becaise oi-the-jot experionce is usually suf-

ficient A qaniglea(ter or heatmrnai ;s normally aicasual worker 
with pay only imiargfnally higher than that of unskilled workers. 
alfioLigh ie iSchosen for possessing thai unefrable quality 
called lea(lership He is often the mian who has brought a 
gajng of ait.ICr i0 tire ste during recruilnei The overseer, on 
the other hardn, shouldt he a permnent employee of the road 
authority or an approved local smrall contractor -e umist be 
able to perform s mnile plarinig and scheidtuling activities, 
instrict lathor atnd gaiii ea crs om work imethots. control and 
monr or work [)erforiace, ail prepare simple reports, at-
thotgh the most iruporlirt qu;lity is an interest in and ap-
tiude for the motvatoi :ict n:acagernerit of labor. Because 
thus qualiy is ofle riot present m supervisors of machine 
operations or f; stlff rnemimierr; of larje contractors who are 
specialists inequipment methods, it is particularly important 
to develop ,rr,.m ororiote local sriiall contractors and road 
aujthority stif %vho hlievo i thmepotential of latior-based 
consitricctor ifrcetmlods 

A iitl- irid ste-Ieel organiztor chart for staffirng Kenya's 
labor-hised rur al road construco program is iliustrated n 
F iure 30 Sticii in orjanzatorn could be expected to build 
btI,weei 100 ard1 150 km of (gravel feeder roads per year for 
ever'; 1.000 workers ;Tmi~IloyeC(t. ihe eXact oUIlpI i would (to-

pend ipom terrami corndllns. desuin landardts, arid con-
structioi methods Given such -stInffg re(duiremienits, it i, 
clear tlil tie availailit,, am1irt of supervisory staffex[)irem cc 
aid loc-al contraclors may tie a senow; comistraint on the rate 
at which a htor ba,se Ioad coriclco prograrn can be 
itrOduce(l 

LOCAL LEVEL -THE ROAD PROJECTS 

Local level concerns in labor-ased road construction primar
ily revolve around planning and implemeting specific rural 
road projects. 
Scheduling the Work 

The proper scheduling of work requires the balancing of 
resource requirements and resource availabilities. Important 
in any construction operation, scheduling is critical for the 
successful implementation of labor-based road construction 
projects Figure 31 lists the major operations and manpower 
needs of a sample labor-based roat project it) Central Africa 
and shows the sort of labor availability-reqtrefrnent curves 
that miiht prevail. 

Given a proposed work schedule, the labor requirement 
curve in Figure 32 shows exactly what level of resource is 

needed at any parlicular time. The labor requirement curve 

loips in the overall organization a (t admirnistration of the 
labor force because it is possible to plan support facilitoies 
relative In the nuniber of workers expected on the job and 
indicates the weekly wages to be disbursed More impor
tantly, the labor requirement curve can be comparedt with the 
labor availability curve to see where shortfalls aid excesses 
In labor supply inight be expected during the project to facili
late advance planning As indicated iii the figure, for exam
pie, labor requirements can be expected to exceed labor 
availability (uring a part of the peak agricultural season from 
day 180 to day 260 of the project. The options available in this 
case rmight IInClude bringing in additional equipmont durin', 
this period, reducing the gang size on various operations, or 
postponing certain preferably noncritical activities until suffi
cient labor is available The first option would depend oil the 
availability and cost of orinrigig in the additional equipnent it 
would generally be Inefficient to bring equipilenlt any great 
(tistance for such a short period The choice between the 
other options would depend on the feasibility of increasing 
project iUiratior, the effect on protuctivity of reduced gang 
size, arid the possibility of rescheduling the project to con
form better with the seasonal fluctuations In the labor supply. 
Sich resource balancing can also be used to identify ac
tivities In which labor-based technologies might be used, 
because those fhat are rot critical to project completion times 
allow greater flexibility in technology choice. 

A recent Innovation In the planning of civil construction 
projects has been it-,j use of time-and-location charts. Figure 
32 illustrates te use of the technique discussed above for 
a 5-kn section of a road protect. The diagram is a graphical 
representation of the niajor elemens of the project The plan 
of the road is drawn al the top of the d(irar arid chamiage 
points are marked, as are all structures to be constructed that 
will have a major influence on tlme project. Other important 
featlLres, such as areas of unsuitable fill material aid the 
location of villages, can also be shown. However, it is clesir
able to keep the plan simple The longitudinal road and 
ground profile is then drawn under the plan. showing areas of 
cut and fill and locations of borrow pits The volurnes of cut 

and fill can be niarked directly on- this lIongiltudial seclca, or if 
more detail is required. a rnass-haul or block diagrai can be 
added beneath the longitudinal section Finally. the schedul
ig of work is shown for he project In terms of bolhlime and 
localion (hence the name of the mielhod) Fhe horizontal axis 
represenls location. and the vertical axis time in (lays, weeks, 
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Figure 30. Unit and site-level organization chart for Kenya's Rural Access Roads Program (2). 
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Figure 31. Illustration of labor requirements for a 100-km road construction project in Central Africa 
versus labor availability (7). 

A. Labor Requirements: 

Operation Total 
.. .. 

Suggested 

B. Labor Availability Versus Requirement. 
Labor (Inan-days) 

Man-Days Team Size 

Optnmig a quarry 1440 12 
Sito clearance 840 12 
E( Ivaliig ari1(d 34500 150( Ioadfng 
Hauling, and d(mprng .....
 

S[rit,adirg. shapirg watering. 4500 30
 

13. i IIiiP Iqrii t rucks 

or months. Each operation is planned and drawn on the 
diagram as a line, indicating location and time as well as any 
flepenidencies among operations For example, rtithe fliiire 
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The important features o the earthworks operalion, which 
Is Usually the major component of labor-based projects, can 
he readily rinrerstood from such a tme-and-location chart 
Exarrinr. the cut and filotper,ioris tit Fictlire 32 between 
ch,1al1ia(tes 0 and 1500, for exariple. aml) as.i(niIg a 
iriaxnIIrri otticioilt hatl diStanc( for the iabor-based iriethod 
of 300 (I. it is ('ear fhailfihat less than of the cut area belween 
chaimages 0 and 600 can 5e efficiently transported to the fill 

Figure 32. Time-and-location chart for 5-km section of a road construction project (7). 
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area between chlaiiejes 0(00 ano 1200. the shorltalt, how tins. niantiie nt nc. of tools led , t 1)noent, <0(1 ilril iitra
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takenIttl irso t fIll i Ryy.1'h ; ly y,'llhe';rt ierlewheo toler 
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Aillow q]retet r tj,;tt of ;. thw -rt)thx 'lhjJ< M ort~o,,or, heo t~trit i,-, ko( piirq III) ,vork( r h ffll'[ i II-l 7 er~lli'il ;m lqiiv) 

i ' ifhieiiI t l(.Pi e tl l 11!' 11 1 2 111 0ill i tlirlh11 l1( 1101 t ii i( ' '- 20, ll 'r u i t ,1(; ,l I, t l t el s) 5l('O l t oSIll f 

flly li et o l r i illro tf l',t i tlt 10 iiir'; F .t,(lrk l(iij lilIfjj lie 'etra'(1,'Of ' t 10thrk l'V,11ti'-Foriliilll,!p 

w ';lilt it ilorq I)(lli t l t llfllor e il ',! ' el, t,to ' l r , fl' )1f, l wl I t ll w 

cr )lliof III1w i, llhih ' tli tlltf llt? t I I i! f1[(3eic l littlc. [)'VIliIl ri',;;W , m l ;)rul tr 0 (hily rol/hte1iv to) 
copethlh()m ,,,if ,l)\ f ~ ] 

tr~ r~ lllj ori(; lht! rovid, fh ,~ ~tt rp jiAlvily <,ijchl llir ii hlor f(?(,l,,; ril111tr 

co l)ihldI) I !frl III,.%, " if fI, i~r[ )f{ir II Iflu i iq f w o !r1.( , Ii r - ; 1( t I f 0 1 11 t C;lt),!; 1i, ;tll( rI t t O T I )l i t(I 1I~f I( y . ,;In or I w ithf w tjr kt 

IT]() It(Ifthih f , v ( i jit if rft ,; )I i ,t I l l I <Itf r I fr It i lO i T it (it ilhih i( It I; ; rjo f)(J I l t m(r TO , it i iI t;v,o ? i I t w w o rke r , Illd 

werlt i t ) ( t a .i t it1 , t I ( or i of 2 0 slfl(liler' 3 ) t l O eIxolvtoffrr11as i, Il'tliittf,i D ( v rll ter; o 

Fur r li t IDi, t lri il 1 ', Iill I i12(11 t Iehs1! if; tot ~il lve er i h(lls ; lt tieli-i r(,:) T )il ( if i COriirilO1)( loa 
W " rt~: ( t ,ll t)f ITri( 1, 1.I , I !' r ( it lfrtI( I~ ifr i I l t )(! c t irmro I 1 Ilh(A' ( ) ! t t(d f it fJ) % ) l(( o f v iif)!li-I If ;trli( I (t! ih irii!; 7 

Siuper isn g IT I, ,t, W i h) In(gfl tefl It it 11if I rtt fch;i i rt<Vro 1 irl ic es ill' sizes noninI gI t r,ih C( IIIDI I 

, IT,ltti n t t f i t (ooIrco i, :;ctI i ti h ~c ( t ( , I~tr i w2 ( I )I) ( mr! ti iiz; lh()rf I ri ;d ( II c:o I 

iviiliti lbt'/i1.110' 'lti ill!DiD~h) 'Ii i1)111111211.;( tilila O) Fiqire3 lll it 0150; for. ,(tl( hll' )2t 

liI(I i :; Jf ;ilm; frof TI ot) fc l Ji L, ilso Ih;tIV(, 

talle.t ofr is ;lnpltI ls rc(lijru(I For x:!rtiiei -221" ii; kllh lal r 'f ' o r )roD Iicn uo lowlevily l i ( 1l er lly 
,A,() tlfl, r( (Illrt l 11 c t l~ '( Q i Iw!/) II;i) tol-7ri.' (vt mltxirfii lrodiw fih,,ity Icro ss H[ c-Ift' 5,,'ttk50 forttli (lu A I 

l 1 ( 00 hlli aillia i rih, or1i or ov( ,tll 

12D00 ,t101 Iwv('l'' 1 i) t( P or ilvof rt l 'or 11:h I pr lo is fill

7f0 t 11<t1T1 ioII li(,o 'il 1rih()lii.- l w f tllcIf (tJ timl Olv flrk, li, lplpro ln1h) of 

i500 2000 tri Pi t ti)k t )rofi ecntiS'.y !tl'Jl Cl ;<iritil eri 
c h i li I I., ix 1IDt ftt '.12 lClt-le lC Dy 01ofwiltl toIi 11 l ho' 1 l l (l(;lfl l ol)t I\'0 11 1 (. ox l 0 Smill- litjt 

odd1 kila d or2r<, l tlPi I lrI c,trl'iji f (il t l(I t (iet for e( ;fte toth relative I(f htlor (ciivt ;li lll 

viilra - , I'l if rOhi ll t (-, oqtil0' lDi ll lid( "osetl! lotol', tlilr);t(1 1;llI, , I'il ln ' li r t c 1 tile'e lq oneDoildi ty 

1r(DlV211I .1f 111i f1,i1 l f ii r r tiired (, yf I r j fI !lt li li' j trr'wals1;11 tI; (P27ly itlri Ioi'r I ti hy, w~lhl r-lt i ,second 
affect)()rl i I rf iVt cl Ili ili )r ir(It 'litiitr l'' ('l 1jro)ii) tioillI il ,rn1( lii il cI( if; lo./1, e fie will t anceihx 11r)j itor thr r e 

0l11crth I tI ;iI'l ;r 11 l) "j)tlc ftr(! roi)lf tld5)lirt ii-'(1ron 1(111v1ior i l f Iask(if.;5l)111ht erh is Ihlfr of ltivtrs Ofy (;lrs or 

itv(ifdlilll 7t c , W lrl oAit t33 t)1ilntrc; Firf(; slftilc ; thi forie i l zel frofl 2c o11111 rIlte l Iso Ii 

Managemtr itl siC ,>- 20, i , 1r(2 ( D Ifiihl ll mix 1 re valtors',) m1'(; 1211iJ lltero l 

hilyfi(D Or trl'.: ibtr olrrl roi ( f l re if w 't (lorIi;As<(. ti w ! 15, lhc rextra"(llll i vdi riwil(tlo ll'tfi 1hf1l roruth of e 

rfceiv' i fll) liriri r llii i,mt 'rvffor; whototr t 15 Is tr riy lu tlizJ'Iz isfollowst 

ro5d1ly ti/er5l .,,Ilt 01 f1110 tii i (7) tilti I l l'$ tIri u fior lw fiors 111(hirill.' ir fitoinqiioc it t ll 'ilor!. i / civ mio ( lli(llfiiori 
,(n21velk rr5ld fhcl(1 ei Iborrla 'slorne id1e ), 

well suteJ ;ts ,t- )I;m ](j tool for I -ot ~rtl-illO of 4 2 9 hdter. , ;tid 6 o×(,iv~ilors Iofidtri (e2ich excavator/ 
rural ro, id p)rojeloC l<Dl (ii(I(elOp)iriqf coullIrle'S lwiOL( r ImsU- <.;Ori le I2h1(! or 

3 10 11,11,ll(; f ( (_<IchIh 11111 llM fS Sof Ir I llole' ) and 5 

Supervising ihe Resources exC :ivwlors OrI/)lJ; 

Ili all three crises, wcr~ I)ro( itJChVIly i,; lower lhan th"It potern-
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tiI 1t1(]201oo( !( t,7It I I rt ,II;t Ik'n .l (w jer of 1the2 irodlch c vily of IN', [TI0' t ?ffiC!Urlt. IIOIN .?Vf'r, t)); Itio diiily p~rodutchtm I, Oequal lo 
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thie linrit~T , t )r iih cliht ;y o' t( I nt 111,11' of Ifl(' 13-rn(!r) i r t;ij ecliJt 

rWso/Jrc( ; ,ri lw.ffl !rriw-(; Ifheir ltc_ ;ks ,treecsurtl1 tolih( rel;itjve lahJor % rio t w~!l 2f((ed)7 

-;J ,;2 > , ) r -, f f , l e t ~ o lo cl i w ;g [ t (f ( A I Ih ) o i Th e7; i ( r Ih, ;l r o~w I i ,s k - lov e.l I) r o ( i t J ioh v i y 

fie (t. : vocd these s i)(711sO the atd(lhOnal 

f, i ii j , lh m t s o e i I~t v! f I lh . ) h 

crf~lri ! ,c:/ici I )r. irife c ;ii7l i I,; ,ol hitrtd!iess l(err{]ifl, (,fll! )(" 0ht<,,rl(e I), 'mp!,iriwi l(,' otJI)IJI';Of C01SIllOWNI
 

and/( hkt ! tion,),,flhOW ()llhorH; fiihty llicufll- ilvtIlt - rthe2 Tor Ilwtn,fk is hy
:ord ' hf? Ifir-e1y Is or!)[jt ;i dh(lcl(:(t tll 
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the pro uctThe o ri -y Iir hro H IVrtj( ,,~ lht mrllore 
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Ma n a g e m e n t c iit slf S r ~itI _ i . ;)Itr ( #if iv It ls <,ir(, s im ila rly s y nilh (es i , e d 
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suh (e tlm t.tt' <t,-, 1l;ti o visiOnl/ ot) orcj~tril,%'dion, I<'ttor rclki- irl JO)(I r ttih r ruIlkliOwf
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Figure 33. Productivity versus gang size for the activity of excavate/Iload/haul/unload. 
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