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1. 11~i'.~01'iJC'flOj~

The COi7lillis5io:"1 [·.t it~ lenth ~.·:;s~:i.on ,.ppro·v",;,d the.; I.:.rojcct - h":.nual

labour .:nd its .~.On:l t-ff...:ctive use in COJlplItition with machines for

earthwork in the t.CJIFE n;.:;ion - in the prcgr.:m;7Ie of work c.nd priorities

concerning th0 Burr;.:,.u of Flood CantI"ol 81d \Jc.tCI' 11esources D.;;velopmenl.

The importance of the project WaS fully recogni2cd in the subsequent

sessions. It was therefore decided to include this subject for discussion

at the T~drd j(egional Technical Conference under the title IIHanual labour

and its more effective use in competition \>Iith r.:.;'.cnines for ec.rtol-.'ork in the

It win be $.;;en fro:n the [-aper on t1Currenl progrc...71mes for \-Iater

resout'ces development", pre::ocnted ut Lis conference, that the countries of

the region ~lvisaG~ larGe development proer&~ne3 hnich would involve large

quantities of earthwor~ costing sub5t~ntial waount of money. Earthwork by

manual labour has been in vogue for centuries. With the increase in the

size of projects, there has been a gro\olir\{~ tendency to use machir.ery for

earthwork partly replucing ~~n~~l labour. Though there is plenty of manual

labour available in the under-developed countries of the region, the use of

machinery r.lay be dictated som~ti.rne:..; by considerations of economy ond very

often by the speed or' construction which would yield early benefits and hence

~uicker returns on the capital invest~d.

However, for various rea:.Jons, as will be discussed later, manual

labour \'Iill not lose its importance in this region for <. consilierable time

to cO::l.I;:.

Although earih.~or:~ hy manual labour is an ancient art, little or no

proi;:rCS~ h'ls been 1~:.Qde in its technique, whereas r.l.cchanized earthwork though

of oowp.\rativdy recent origin has made rapid stride::; toward::; i.'ilprovenent in

the pl.:u:t and equipuent, ~nd further ir..provemem.s in the machir.es are constantly

taki.'1r, pl:.'lcc.

/Considering the
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Considerine tile GJ!lount of e<arth;.rork be.lng aone or contemplat~d under

thE; develo~:::€nt plc.ns of t:l'~ co.l.1tries in. the rf;;,Gicn, it b i'clt tm... ;" the

whole qUEstion of e.:.rth\"fork should be carefull;r exe:..T.ir,ed wlth a view t.o:

(a) making ~ore effective use of ~~nu~l labour throuzh 1n~rovements

in ~plements, l~bo~r incentive3, wellore facilities, etc.

(b) det~rt:iiniJl£ hall fe-r ;;~uc.l labour exclusive17, or combination
of l!'.anu~l labour anc z;.ac;1ine3, ~houll.1 be <..dopted.

It \001.11 be seen ths.t, in vie\-; of the large quc.nti ties of earthtiork

involved, ~ saving of eV~l ~ &~ll percentage in the e~rthwor~ cost of wuter

resources develo~~ent projects will ultimately lead to subst<anlicl :avings.

It may ~e aJdcd that the ~tudy hu3 been b~s~~ ~inly on the d~tQ

C'Ollected in Japan as <:. re:::tllt of actual observation:.>. It \Jould be 1.I1terczting

to c~~p~re i~ with simil~r data of ~~power required for manual e~rtr~ork

under different conuitions 4nd those of output per hour for difierent le~ds for

machinc~ like bulldozers, scr~p~r3, etc. deriveu fr~j observations made in

some other countries.

/II. ,"hCTO~S
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II. F.~CTO.t:; ,..Fi"J..,C'~·ll~G OUTrUT 01" i':hj·.:'lt;.JOitK
BY loloWJ"L WOU~

t. number of factor:.: af.!"t='ct out,ut of earthwork by manual labour.

Some of these are detailed beloH:

h. tLTURilL CCHDITIONS

i"!o.tur~l conditions IH:.p. cli:,l<.:.te all\.:. partl.c..;L:>.r wc..tner :'0 wn1ch work

is done ;:i11 ai'f"'cl the output. It. is .....ell kno'An that output in a cold

climate will be much ::lore lh.:...n that. in a \'[c.r'm~r cli..r.1atc \'Ihich rE:nders working

conditions for ~anual 13bour ~cre difficult.!!

T0J:0gril.phY ar:d idnd of ::;oi1 ./ill ..:150 affect the out~ut. If soil is

hard output will Ul; very F..UCil lower-cd <:tS cOI:lparcd to d165inb ill COI:ll,~On soil.

B. PH¥SIC...L COHillTIOrJ3 Of L\B0I.H~J:..:{S

Physical conditions pl~y an lluporta~t p~rt in output of ~anu~l

earthwork. The differenc~ can b~ as mucn as two t~~~s in o~tput due to pnysical

conditions and skill alone. It is well known that labo~r fr~n certain areas

that are IJ<luitually us(;d to this tYPl: of work c:;,..n give much better output as

compared to an ocdin~ry labourer not so well vers0d in the art of manual

earthl·rork.

c. IHPLD·£:JJTS U::ieD

Imple;r.ent:> :";liould bE; selected la suit the soil and pny:::;ical strength

of the labourer. Thl;' labourt;;r will no doubt use the type of imphment he is

accusto!nf::d to, but its wcicbt <:i.nd size v;ill need to be ,:"uJusted to suit the

labourer. The in:;tar;ce. it mal be uneconomical te USe Co. :;mall-sized 5COOp

for s<::nd or lio;;ilt soil i'.11a simil ....rly to us€' a. s,:;a.ll-sizcoi 1:'c:.~ket ior a strong

labourer. i,jcan~ of tr;:"nsporli;ation ShOilU ce 5~lt::cted huvin[ ~e~:l.rd to the

coeffici0r.t of frlction ~nd to suit the particul~r le~a nnd lift involved.

11 Daily output p~r excuvation of CO:;ill.on soil h<.S been reportttl 150 cu ft/lubo~:.r..:r

in l\orth India ilG:d.nst '75 cu ft/l:iboure:r in &",i::bi\)" ar:!I~.
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D. ::-OCV.L MlD iCO;~O:UC F:,CTO?S

Factors liKe 'I·.-oges ::'I':.! i...:'":portiint.. n \>lclJ. tnought out bor;U5 sy:.teo.

.dll 0:' course :lCt. <:.~ an incel:tive to in:::rease cut~ut. hr..eniti~s like

hutf#inc, tirinkin~ \/<.tf::r a:lJ liJ.Col:r ...,elfare facilities including recreation

and m~dical facilities h~ve an important be~rinB on the rate of output. ~vcn

apurt f:-or:l :..dv.:.ntal:cs of output, greater attelltioli has to be p.::..id to these

conditicns und.er the l~bour l.:irlS of variou3 countries.

£. ~,10Jti\ING COW)IIlONS

i~ctors like l~~~ ~nd lift have an important bearine on the rate of

output.. h.n executiv~ organization ...rith f'fficicnt ::luperVl.sion pliJ.Ys an

ioport~nt p~rt ~d so does th~ skill of the foreman in charge of the labour

gang.

All the above factors contribute to the total output of the labourer~,

and, if tt"Je aiL. is to in~reasc the output as f ... r o::.s possible, it would be

Ddvi~able to f;,ive con~io.:1eratle uttention to the liabour welfare and recrt:ation

f.::.c.:.lities. Next tc the bonus sy:;te", t"hi~h probably acts &5 the grec..test

incentive, tr.e contentment and nappiness of the worker are the biggest

psychological factors contributing to increased output per worker.

1nl. FnC,Oh5 LLHTIflG
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Ill. FriCTOHS LHiITnJG Tri .., US!:: Of ~Li,NlJhL LtJ30UR

If the so~l to be Cxcuvuted is very hard, or slu~h involvine under­

water war;: has "LO be: dUG, :1~G.nu:..:.l labour \"!ould find such work difficult, if

not inpossibl~, t.nd in any caze it~ effic~ency will be very low. Under ~uch

conditions mdchines would be ~orc 5ui~Qble. hn idea of the increase in man­

power required to 0xc~vate a cubic ~etrc of €~rth under varying conditions of

soil, variation in lo~di:lC ;,e:ight Md una er ater e:x.cuvatior. Lld.:" be obtained

fror; the lc:.bles givell b~low:

(1) Variation in fi~ture of soil

The increas(·· of f:l<inOower rel'uir-ed ;')er mJ for excavaticn .of various. . .
kinds of soil, <J.!>swnin!s lo<:.din:"; iieight is zero, has been Harked out as

follows in Japan:

Toble l Y

HANPOl.Efi Rk,UlrlED P&l if ,OH <'XC"VhTIOli OF Dli"r'EnU'JT KINDS 0, SOIL

Nature of soil :'i;;mpO"'/er required per raj
(per day)

Hatio

Soft soil 0.084 1.0
CoJTt.r.\on ~oil 0.100 1.19
Cloy 0.126 1.5
Hard clay 0.166 1.9G
Dry h2rd clay 0.334 3.97

erom l" .•blc 1, it .<.pearoS th.Jt dry h2.rd cl~:r requnC':!j about four

times l.h~ manpower neetlcd for r.oi't soil.

(2) VarIation in 10Gdin,,; r10i~ht

~J' 0 • d 3. l' . 1 d'1 'Ie l...,cr~:a$e Cl !fdllf.,OHer requ:J..re p0r r.l 01 excav::t. ~on ana QC:. lone

with vc:.rious 10uc.1ine heigbts, aSSUJ':'linG natur€ of soil c:.s CO,;~:lon ~oil, has

~imilJrly been worked out as follows:
/Table 2

Ilbstractcd frcm "Civil ~cineering Construction ll by t,. Tan:"guchi, p.55
(Tokyo, Kazama fublisning Co.)
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T"~le 2))

MJ\NPa./"2rt fi£:'.iUllU.o PER ,.f3 FO.{ DIF7E..1.I:JlT LO..-.lJI:·!G r.:...IGHT.. FQli. C01 ..-.:m; ~IL

Loading height
inl:L

o
0.3

0.6

0.9
1.2

1.5

1.8

2.1

reLuired (per day)
pEr 1:J

0.10

0.102

0.104

O.lOd

0.114

0.126

0.146

0.204

Ratio

1.0

1.02

1.04

1.08

1.14

1.26

1.48

2.04

Frolt Table 2, it will be seen tl1at, l-rith loading height a.bovc one

net!"E:, m.:.npower rB.:1,uired per t:I
3 increa.~e5 rupidly. In c.:.se of lo.s.ding

hcitiht of 2.1 ~etrE;~, ~~npo~er required is double thul at zero loading height.

(3) ~ndernat~r wcrk

The increase of :.)anpow~r re\.._uired per in) for under \;al€t' excavation,

assur.lirrg nature of soil is co~;uncn $o.i1, has beer. wor:<ed out. as 1'01101'15:

Table JY
iihNPOirEa n.FJ.tUI~D P8l :.? .."'Ort ll;:iJi:..i·\~·rr.T£a ..A~ ..V.. j'lOl4 rOlt C0::,';ON WIL

Depth of \'1a~er

in I':l

o
0.3

0.6

requiJ·o.:d
per m3

0.12

0.30

0.4',1

Ratio

l.0

2.5

4.1

from Table 3, it will bc .lee.!L th...t in trLC 0<::'5(; of undct'lmtcr cxcavn.tion

of (J.b metre depth;;1" welter ,:'I~npower rl;.'quired io about four tirJes that at zero.
This shows hO\'1 n.::rd underwater \"'ork i:: for ~nuJ.l labour.

/B. LMIT"lIOII IN
]/ nbstracted from nCivil Engincerinc Con::.tn:.ctionsU by S. Taniguchi.

V llSt<mc.;,~rd working rr.t::. lI Ministr;{ of construction in Japa'l p.5.
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B. LL~IT"TIO;1 11'1 i...:..-.D . .if;) 1Ir"T

~'ith i..JlCr~a5Cs in l~ ....d :.ntl lift, ;.l~po"'J£'.r required pt::r cubic ",ctre of

ee.rth increases, Hith .;, ccn::.:e(~Uclt lncre,.,:.;e in unJ.t co!;>t. There arc phys~cal

lir.•1tations no dou"ut 'lr<:.rt frol,"! con:Jiticrution~ of economy. 'fhe followint; L.,bl~s

give tl.ri idc;,:. 01" th~ inCl'c<":.";l) oi' .:L'_rJpo\':er required with incrc<..se in lead and

lift.

.-:anp0l'ler required i'or the excavation of one cubic ::letre of co~:~mon soil

in level for differt:nt lei.ds h:.:3 bc£:n "'lor~,ed o;.;,t a3 follows:

T'-olc 4Y
J.lAP;PO,f.:::~ ,~£~!Jlj(i.,D P:::'t n> ..:...~Ci.V;"riOi! OF CCI·~'iOIZ .;;011 FO;-:, j)Il'?~~fu .. l' LC..·.DS

Lead
m

30

60

90

120

required
per mJ

0.138

0.193

0.240

0.303

(per cay) Hatio

1.0

1.4

1.8

2.2

(2) t'i..lIlDO\:cr rcouired .for varlOUS lifts

Tl " 'd 3 f '1' 'tle l.nCrea5~ :m m.:Jl1pOllI.:r r~c.:UH·B per III or lllcreu"Ulg 3.1.:J,

as.:;;umin:_: that the s.oil i:.; CO;.\;!lon and that the 1e;;".d is 30 rn, has been worll.ed out.

as fo1101"5:

Table 5Y
tLAtJPO I'.:':" ;·L...~U Ll.l!.ll Pclt j.1J OF' CO;·i :ON tJ)IL FOI~

D!r'r',,:;U';:'t' L11'1'3 (L,D 30 J.l)

Lift,
r.l

o
3

6

1knpo....cr rcquiJ;ed
per rY

0.138

0.154

0.204

(per c.uy) Hatio

1.0

1.12

1.48

JJ "Civil L.n1.!inc(;rin~ Con::;trtlction ll by S. Tani[;uci1i, p.5(;.
10ptiI::um lcod
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Cptir.u:~ lead and lift n:.:.;; be ta;(en <"5 30 r.l 'to 58 F.l of had und 3 to

~.5 ;~ or li:'t, <.no. cr-ir-i:al li .it ol lead snould be <.:.tout lOa l.l.

1\:'; :. r.:..' t. if.: l" OJ.~ r~ct J e.::.rt:uork bj' bulldo2.H would be uor"c economic;.l

CV(::'. for the:;!) h<:.c.:::: t::.ni lifts.

Thu .,.:)Qve data huvc be~:l. coLiected in vZop.:n 3.':' a res:llt of observations

ove:, '.' lOliJ: period in dil'fei"ent. p..:.rt~ of the countr;7 enu m<lY be taken us a

good ba.o:;'s {or the.purpose of thi::; study.

C. TII·l~ FACTOR

i~nere Cl lar;;e 2,;:Icunt 0,:.: e..:-tb·fork has to be :omplr::t£;d with u iD.:J.xi.raum

of speed, th"" maciline Geeres he~vily ov~r :,;o.nu.. l labour. l\ t"/o-y~rd e~~ci=l.vJ.tor

~lith about 10 l:1en can do £.. piece of work in one day which the SiJ.)e nW;lhcr 01

men will take one r::.onth lo cor:.r..10te bj' ,:·,~..nual l~bour. The only way 0 ...•

:;'!ultiplyL"l~ o·.ltp;.:t of ~lOri: by r,lG.rlual lc:bour i:;:. to ir,creuse tne li..bour l.\:lJ:Cc.,

but u lurC8 tlulti-purpo::;;e project i::~o~e.'i its own ll.l.litc::.tions in regal'd to the

size.of the l~bour ~orce. lar ei~,pl~~ too l~czc l~cour force fow] present

difficult pro~·.le:::.::> o:~ haL.:ling, sanit<Jt~on, etc., parlicul~rly in the r,;'.i\,otc

loc;;,lities ~·:!i.c;·e :uc;"\ p:rojectl: a.r~ gC:1"rally located.

The 1J.se 0:' r:<:'Clli:lC::; caT. SO.:xti..;71tJS eut dOlm tne construction schedule by

L.S nuch ~s cne half, so tii~~t the project ....i11 ::Jt<irt ~:t.vin:; i.;CTici'it::;; ::luch

earlier with a consequent returr, on the c,-pital invc:n,cd. Il, fo::, e;:(i;;.ple,

additioJ'1al food production to r.1cd ::;;hortaccs ill t:1C: country is Co: .·clevan"t

consideration, the sc~le~ ~~y ir.clinc sh~::,~li in :~vour of the uzc of ~~chincs.

D. CO::PACnO:;

ixperience hi..s SfJO\m that co;.~yacl.ion bi r.i...nu<..l bLour, c.p~rt .J,~ro:n

beinG zloH c:.r.d exrensive, c~!:not be ,,5 ~~tiSLL.ctcr;l uS by l,lu.ci1.im::>. (;On:9J.ction

involv..·s e<-rth~.ork in tiJ.in LJ.y(:r::;; Hitll 0f.'ti.:.Il.~.l i,:obtt:re to be roll(;G. over

sufficiently to ,:;'vc ;;. :::inir:mrr. ~·lr(;:3cri9,.:d c.r:J bulk (.i<:ll~ity. The war},: of

roll,in2: ~nd C01:lpaction CD~; be con~.idcr~bl:.r ::;i...plifled by· the use 01 modern

mc.chine:, e.g. a tr.::ctor pu1lif1C :~ tandem of sheep foot rollers. ..here L,rt,c

quantities of earthwork JV..Vf: lo be compacted, a.~ in the construction ol il da..n

or hir;h dykes, t:'l~re i~ llO a1tern~.tivl: but to U:5e ,.'·'ch;"co for ..... ......,... compact:lon.
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gention 1"':'5 already bc,:n r:l:'.dc in P<J.~;:·~in.:. of tlL ,ProblcF.l5 of butt~nf;

and si.nito.tion arrc,n,<]:e,Knts for a 1a1',':c labour force conCL,-l7.r.:..:'<,;d ir, one j)l<:.icc.

Th~~ n€.~ci to provio!.'.: ~rcJ.~c~· ,;.mf.~:.l ",";'(::3 to i,~bour ....ut.s c0:13i;:;'Ct'ilul.y l,.0 the cost.

of the prcject.

d2.nuc.l l<lbour ):w.::. cc;~erallj- to be .::ttr,;;.cled by h~;:.vy .tin~cial

a;:;,va'1C""~ th<::t. ac.:.d to ovc::-tH:'ad expC)l";c" ana. labourers have to be provided ....ith

free transport 1..0 till: dtc of wor:~ ;,;.nti ;:'nck. 11113 h.st <':ifficulty C5.:\ be

QVCrCO,:le to :;ooe cxtc.nt b:,' sl';iftin.:; the labou!' colony \o,ithin ... reasona'ole

distance of th~ "'lOrk-sit!.:.

Overhead expenses on r::~J1uc..l labour have been cv:.:.luatcd as under:.!!

1. Huttin::.; ch.:;rr,es, providing .::ats, ba.:d>O05, coir ropes, cic ... J/~

2. Depreciation .s.nd f.lE-ndin<; of tools •••..••....••..••.•••••••• 1;0

J. Tr<U1~port Chal';:3c5 . . . • • • • • • • • • • • • • . • • • . • • • • • • • • . . . • • . • • • • • . • J.,;

5. J.dv.:.nce::; <.:.nd ,tood arrunger.1.c:nts

4. Iiatchman cha~cs ...........................................
.............................

l~

7~

If lighti.n,,;, sanitation, w.:lter supply, ml:d:tc.:ll services .;l"icl superior

housing are provided, tll!.: p<orcentar,c L.iaY ri::;e to sue:} <::.n t.i....:t.ent th<..t. i.t may

bccO::lc thE'; critical cor.::ddoration in the evaluation of ovc%'-aU economy.

Recrc,'ltion facilitic:J "re an adl..iitional it~m \mien t:.ay have to be provided.

/Iv. P.tOilW1S

V Goverruaent of Inaiu., ;anistry of IrriCQ,tlon and PO\'lcr, llj(eport of
Construction Plant :::nd ~:acllinery Con:;:'li.tt~el1, l~ew Delhi, 1954.

". ,

i,,

\
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I.~echanizatio!'l Cr'ea~CiS it~ O·,r.1 prOdt..•5 ~~::,e·::l;;;.lly in t:.nller-erilployed

co~ntries wh::e t~cre is rl~nty of C~~po\:er and ~~n~r~l wl~er-~~~lo~ent .

.
K,

On an a' f::r.J.ge it ffic.j' be take:l thc.:.t <:i::lout. 17 ;UC:l opcr.:::t.in.:: ~ o<:.c.lir,(;:

(2! eu yd capacity shovel) ca.: give the . ;.,.;~e out-turn in ora.ir.;;,":r (,::,xtll'....ork as

300 ;aen doing i:1aT1ual ~d.rUr.fOrk in th..., ~~.me period. 'Coven :;0, on a bi,; project

there should be c:!l'.ple scope for' ci1~<.gin6 Jr::.nui:11 bboul' J usin6 machines for the

work t/i'hich 1s beyond the capacity of hu.-::<1n la't:our. 'l'hu~, manual lubour can

be employed on excavation of canals WClcrc lead:] and lifts are not too high,

where~s for the excavAtion of the dan iou~dation wh~re ~vacc is l~aittd d~d

lifts are high, machines would be r~re u5~ul. Simil~rly, for the construction

of dykes involvi..'1g long leads and hi.~h lifts, ffidcilin<.ry would be more econo:rical

after the in'itiat 'stu£es' of tiie \'lork. On rknG,'ll paller carnl in India (p<lrt of

Ohakra:-i':Ulfjal Project) wo'rk .....as· (Jor\e' both' b~' !lI£t.chincs and manual labour. 'fhe

work involvt:d' Ions leadz' end high' lifts wftfl cOlnpi:l.ction of banks. barthwork

involved diggih; bf'gravel ~nd conglo~€~atc. O~t 01 a total quantity of 7.35
million cu yd of earth\'lork done, 3.4 nillion was eG.rtl1."lorl{ of vary1nb hardnessj

another 3.4 oi11ion was ';:"avel and 0.55 J,.il!ion was conglomerate. Of this, 1.6

r.dllion cu yd N&.s':donc by r.lo.c!lines and 5.75 million cu yd by j:\C.nui11 labour.

This shows how good balance bct..:ee,l t"ne work done r.Ia1lual c:.nd by

~achines can be maintained.

B. FOREICN EXC::.•.NCE INVOLVi.D IN INITIrtL PJRCHrtS..:-.. ",i-!D C05T Of SPiJ-tE. P"irrS

Hactlir-es i:.re no doubt expmsivc and nave cone up in price during

recent years. In 3pite 01' Ui::::, it 15 cl:;l[;,CCl lh~t. in th~ United States where

machines a~e extensively used, the cost of e~rthwork i~ calts per cubic metre has

not appreciably increased durin,s thee l~:..;t 40 years though the purcnasing power

of the dollar 15 only a fraction of wr~t it W~~ kU ye&rs ago. Still, the

faet remains thzt ~chin~s need a ~ood de.JI of initial investment in foreign

exchange which is gt:ncrall,y in short supply in the under-developed cOlAntrics.

Spare parts arc also Q.n expensive itel.lj though nOrr.'I.CLlly projl!cts should

not be required to carry their own sp...re:;::; b(;:yond the minimum needed for

jltfirst line of

i
I
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Ilfirst line of s.:.fCGU...l.rdll,Y and it ;:;(,ould be Lile rt:~pon$ibilit;r of the tiros

sellinz the equipt:tent to ~toct: cnou2 h ::::;.:<.:.:-t.; il.:..r1..S to ,(;p.ct ;lroject d ...:J:.nds, the

average annual requircment:> 0' SP&I'~ p... ;;ts arc 0' thP. order of 15 to 20 per cent

of the cost of toe equipment.. T::b cOil~titutes " con::;idera't:le drain on li..;.rited

foreign cxcnange resources.

C. rtiFAIRS ...ND ~1~,IHT:J~;,tlC!~ CO:JTS

~'1ainteni.;.nce of ::Iuc:!ines plc..,__ a v.,)ry L.1por·,;,.:.nl .... '-l'"t i., the €Canonic

operation of a project, ~nri ;. co;;q:-lt.-t<: "'lid. tfloroi.1c::h syste:J of prevenhve

maintenance must be established cnd efficiClltly iLc.intt.ined. Ihe nON::al

percent<::5e of usicl:ness" of ;,~<:.chines i3 bi.:n.;;rally ol' the order of 25 J:er cent.

Usually the ~cononic 'life of a I~chine such as Q bulldozer will be

about lO,COO working hours and total expenses on repuirs and maintenance during

this period (includin~ cost of spare parts) ~re generally of the order of or.e

to two ti...nes the purchtl.se price of the r.'.E.chine depending upon the machine and the

conditions under which it is \-Iorked. Tile proportion of 1~..C:.i.ntem:.nce cost will

be even hi£her in the cJ.se of low-pricGo ,:,c:.cilincs lL:e truc;<;s i".'or~in!. on poor

roads. It will thus be seen how important it is to h~ve efficient m~inten~ce

facilities at project sites to prevent bre.ll<do\·;n of .IL2cilines and consequent hold­

up of the operations thot can GOmetllje~ h~ve serious repercussionz on the

project ~.s a whole. It i~ therefore necessary to have ~ well-equipped workshop

at the project sitfo; Hith tnl.ined mecllCi.nics amI ade4uate stocks of e5senti.;,1

~pJ.re parts.

D. TRJ,lIHNG Of.' f)PEiU'i'QilS I.ND j·~CHJ1nCS

This raises the question of trainin::; of op"r".tors <lnd raecfl.:lnics.

In this region there is J. sflor'i<lge of trainC'd l.echnical personnel. Some of

the heavy earth-C'.ovi.ng: ;r.a.cbines .!.re ne~l to the coun1.rieG und need skilled

operators. It is necessary th~t the ~achi~es ~r~ hanul~~ from the very beBir~inb.
by trained. operators who e:.rc r.:.mili<:r with ti1t! v~rious op£rations and can

handled. them efficiently. 5inil...rly, ...·or!<silops for .-:'.c:..l.ntcnanc~ ~hould be manned

by trained mechanics who can carry out rr;l~irs \~ith z~e~ ~d efficiency.

Scarcity of trained mechanics is a serious o~ndicap in any large-scale

rn.echanization of earthwork in this region. lE. ~.ffICI~~T

!I Report of Constroction Flant and .~cr.iner:r Corr;.!1ittee, Ifj54, ':;ovem.llent of
India, IJ.inistry of Irrig<i.tion and PO\ier.
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ca.re.

In ;:;lcn_:"'li::ed C.~l·t:'\rO-'·;:, ex.~<;n::e:> 10l' v;,'_r_:tor~ anti crew fenn a.boul

10 to 15 per c~nt of L;o.; toLl cper<.i':.i.'lg cost. 'i'he :;rincipal nctiiocl to :(ecp

the I..nit cost 0: ~<J.rti"M'ori< 101r! is cb"'fiou:;;lj" to inc.~"~:c til~ eUich:ncy and

d ~. '. . . . ,'or t·.. ·_::; "c.Ul....co:=e, e:o:'fJ..ci-ent :,:anc.•. ..:':!!cnt :mu soundpro IJc ...~vll..y 0 •. -.:~cl'~Jle3.

plan!ling 8rc i:Jportant.

Plant !Jl..n;:in; for rortrr.r.'lOving ~\.:uip::lent has to be 000<:; ~{ith ercat

'l'h<..: aiJ~ should be to have a ;:::Ln:J...r;:ur.; nUl::ber of t;rp!..:$ 01' equipr.lcnt h'ith

minimum number of sbes in e':;'CLl type :r....ki:1,; adec.uate provision for 'I:;;ickne~s"

of [mchines (See G ~bove). The tc~ptution to over-mccfiz~ize a project should

be re$i3tcd and efforts should be directed to ....ardfl cn~urinf~ J·...1Xi.r.H.lrrL utilization

of the cquip~ent.1I H~ul rends should be cn~efully rlnrmed for sr.ooth working,

nnd w~ll m~intaincd in the interest of th~ ~1chin03. Lastly, a reali~tic

fiFur p r,hould be ildopted. for "productive time ll factor.

Before decidin.3 upon the final plan, it will be neces~ary to work

out v<:l.riou::; alternatives in sufficient detail to ~tudy the co..:pc.rative cost of

production und other rEleva~t feature~ of each plan.

" b;::.~ic re-=:.uirtr.J.e:lt of effic:i(.nt .1<:"'1i:..';(!;:,(;I1t <.:.nd soun.d pl<:.nning is the

~.z.irjtenance ol accurctE.. r~corc:.s of the actucl -...rorkL'1G 01 t:~ch f:'lGchine. '!'hese

records 02.l'e pcrt.icularl:,' important) "'.'"Id l.ilvolv~ tr.e ;:iLl.inter.ance of ae.ily

lOf:-bock~ which should ~ho:,,: daily ..../ordr.::: and j"c..lnteoi.nce record such as tne

nur..ber of hours workec, outP"J.t, idle 1",our::;, .j(l:tail~ o~ ~.lil:or .me inaJor repairs

carried out, ~dth parts used (Ind .fuel oil <..r.d lubric~nt-s consu:r.ed. In addition,

log-bocks showing the essenti~l ~ut~ of c~ch machine, major repairs carried out

with 3p~rc parts used) the history of 3lter~tion3 und cost accounting showing

c~pital cost) cost of alteration3 and ffi~jor re~airs, depreciation, etc. will

need to be l':lS.intained. I,ll Lis calls for good orGanization.

JJ '11 c~r.:r.littee ap~ointed in India recently to r(;;j)or-t all construction plant ..md
eq':'ll?:a~n: ~n rlv~r v:llc~' pr~ject~ T€-colJ:L'l.cnded th~t planninj,; should aif.1. at
utl~lz~nG.;~b~ut 75 p~: c~nt ~hc hfe of tbE: cllpit....l c'1.uiflment (see Govern:nent
of. mctu .. :J.nls:ry ~f lrrlgatlon and Fower - 11eport of Construction Plant
and }~ac~.l..'1ery GO.,11lu.ttec - 1954).
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Under sir:t.Ll"'r condition::> of t.'Ol·;~ unit cost of curthwork by ~L1.:.nuc.l

labour will v, .. ry with the duil.! ~lJ.res of the li:.bourer, as the the daily waGes

form a very h.L[;i\ perce:1tar,e - 50 to '10 J::er cent (10"ler percentai;e \tonere. ..
mechanical means Qre uS0d for transpol~te.tion) of the total cost. In order to

co.lcul:::.:.e the uni~ cost it is I'lCCes3<:.r;:, to kr.Ol"i:

(i) workinG r:itc:, ~-!ilich ~l~...-:.S the .ampower (,Jjd u,,:c..terial required per
cubic meL~e 01 €&rthwork,

(ii) daily wages of labourer.

The working rate will vary in different co~~tries and for diff~rent

working conditions.

Assuming net workina hours are seven, avcrab"e ,,~a."lpOHer reeauired per mJ

will be as ~hown' in Tables 6 to 1l.

Ta~le r)/
::.:.xCj.,V..,TIOi~ AIW LO,;,DING ay Iv;.NUAL

lJIBOUR 'L.IIPOIi"R RE<'.cUlf<1D PElll1J (PER DAY)

Loadin- hei~nt in metresKind of soil 6 "
!

,
G.9: 1.8 i0 I 0.3 I 0.6 1.2 1.5 i 2.1

,
0. 106 1 0.12610.172Soft soil O.084i 0.084 0.086 : 0.09 0.096

Common soil 0.10 I 0.102 0,104 10.108 0.111... 0.126 i0.1J.8 I 0.204

Clay 0. 126 1 0.126 0.12810.134 0.11.0 0.154

1

0.180 I0.25

0.168 !0.1721 0.102Hard cIa:... I 0.166i 0.196 0,,222 0.282 0.500

Dry hard clay
, I

0.334 i0.338 0.3441 0.350 0.334 I 0.4541 0.834; 0.334.

~ 0.1121
,

Crushed stone 0.112 . 0.1l4 O.llS I 0.124 0.134 0.1521 0.200
I I,

/Table 7

11 Abstracted from I1Civil Lngineering C:on3tructionll by S. 'laniguchi, p.55.
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E.X.C"V.,aON ift lu",,':-J,.L L,B()lj~~ LJCLJllI!'iG l'.(.~-t':': G.:l"iIO,j
"...I'PO..::''! lli:<UlROD p"" ,;3 (P'-il D01)

~ i ~ d 0 r 5 0 i 1
Lead i Lift .
(~) I (c) Cl;;;.)' '.:rd Dry hurd ;;ru.shed

Soft soil Co;:c.or. soil C'"'' clay stone-<.J

30 D 0.129 O.DC 0.157 O.l?:) 0.272 0.144

30 3 0.146 0.154 0.175 0.19'1 0.269 0.161

30 6 0.195 0.204 0.230 0.2;2 0.344 0.210

60 0 0.ll:4 0.193 0.213 0.26U 0.332 0.199

60 3 0.200 0.209 0.235 0.25'1 0.350 0.216

60 6 0.250 0.259 0.290 0.312 0.405 0.265

90 0 0.239 0.24B 0.27B 0.300 0.343 0.254

90 3 C.255 0.264 0.296 0.316 0.410 0.271

90 6 0.305 0.314 0.351 0.373 0.465 0.320

Table 8

c.xChVhTION BY j·!;,HU"L L-.oOU.t ..Jlu Tit.J~SP():a.m

BY F.UBEEll TIJi. \i,GOiJ (CnhC(n 4 cu ft)
'" . 1·~.rO..U{ ru:;UI..I:.D P.:..1. ~} (Pclt D"Y)

Kind of soil

Common soil

Hard clay.

t.xcavation Trar.:3 rtu.tion for lead c
rnan/m3 10 30 50 90

0.104 0.032 0.075 0.116 0.214

0.172 0.0}2 0.075 0.116 0.214

y lICivil Frlgl1leering Con:3tructionll by S. Tanioruchi, p.S8
IT'ble 9
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11T.:lblc 9-

f..(C/.V....1'IOi~ BY r"J..NU•.L L ....:otJlt J.ND l'rlhf!SPO.c'i'LD BY
Un.toW.; GJ\UG.:. J.iUCK :~j~!~po';, ...{ rtIJ"LL-t~D p~ i'y (Pt.rl DAY)

I i l'r.:.nq:-ort.;;.tioni~ind : Dc.CiiV.:tti<JIl re!' if-old ("') Total
of soil I T'oJI.....n/rl)

,

! 100 200 3:JO 400 100 200 300 400

I
Co~~o~ soill 0.10h

H~rd cLty I 0.1,2

0.19 G.:!l C.2J

0.19 :).~l 0.?J

Table IJ/

0.26 0.294 0.314 0.334 0.364

J.26 0.362 0.332 ·O.~02 0.432

e:;{CI\V.·SlOi-i I3Y H,Jlli....L L,.JK)i.iJ~ n!'~l.J 't.{,u:.:..PO,.LJ) &Y
llJi.fu(Oii C...l:Gl TW.. CK :~:I~'iJ.L uitlVEN 1~.:.iC~.:t;.

itl';"'UIH.w Fiii i'13 (PSrt O;'Y)

Kind of soil Excavation
Transport ... ':.ion for lead (m)

100 200 300 400 500 llXXJ

Common soil O.lOh 0.026 0.03 0.033 0.037 0.041 0.057

0.08 O.OB 0.08 O.OB 0.J8 0.10

Hard clay 0.172 .0.Q26 0.03 0.033 0.037 0.041 0.059 •

i 0.10 0.10 0.10 0.10 0.10 0.12

Upper rank is \lorking r:::Le O.i~ driver with yhor3c, ~lo\'/cr rank is

\.,orldng rate OJ. l.:..l>ot.irers rm,..:;; ,-~t:.-J on th~ wor~:.

IT.b1e 11

!I "St.::,n......rd :lorkin~ ltate tl :iini St.r7 of Construction in J:.pan, ~.14.

?! Includes effort. by horse.
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Table ill /

EZ:';"V..T:CfJ If[ i"..J:U"l. ~..:.;O~.U. .....\"D i: ........,.JPOi~'blJ I;Y N,,:\iiOl'i
CJ,UGC: TRJJCK LOCOI·;Q'iIVi. DiUV;i.t>;" IL-JJFOI-r£R ilND
~~Ti:in ....L5 ?~-tUliGD f.E.i{ 100 i.rJ (Pl:..~ DJ.Y)

In the case of co~on zoil:

Lead Output i'/erking r Cl t c
m per day

i\s:;i~- G~solinc i!obilc GrC<l.se G£:2r-oil
m3 l'or!<cr Operator

ta:1ce (J Hre) Oil(l) (kG) (litr,,)

500 210 2l 0.5 0.5 26 0.6 O.li 2

700 189 22 0.5 0.5 29 0.7 0.13 2.3

1000 157 23 0.6 0.6 32 0.8 o. )f. 2.6

1500 136 24 0.7 0.'7 37 0.9 0.15 2.8

2000 126 26 0.8 0.8 4B 1.1 0.17 3.0

1 = litre

In the case of gr~Yel earth:

Lead Output ~'1orking r n t e
m per day

~orker
As::;i5- G.s.soli.l'J.e Hobile Gr<:<?se Gear-oilm3 Operator
tance (1) Oil(l) (kg) (1)

500 200 33 0.5 0.5 26 0.6 O.li 2

700 i68 34 0.6 0.6 29 0.7 0.13 2.;

1000 lJ.7 35 0.7 0.'7 32 0.8 O. lJ. 2.6

1500 126 36 0.8 0.8 37 0.9 0.15 2.8

2000 li6 38 0.9 0.9 48 1.1 0.17 3.0

1 ... litre

/B. Mr'tCHlNES

JJ nStandard for Design", Hinistry 01' :;onstruction in Japan, p.1l4-115.
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B. jI..,CHW~

As a result oL' actual ob.:.crY.:".t::'.OJlS in J".pi.11l oV'=r 2. Ion.; p.;riod uvc.a~"c

o~tput ie ~stL~~~d ~s shc~~ in Table 12, 13 and 14.

li:.ble 12.!1

hV....~.;..G·.:. W'iFU'j L.t HCA..i,\ t'(M I. LULLWli-=~ (15 TOd:j) FO.t D:i.r~f':':'-..::llt' L;.DS

Le.:::.d Cid!_ ... t ~)r hour
:n

10 .L44

20 75
30 55
40 43
50 33
60 275

AVl:..-tAGE OUTF1JT Pult HOU.{ l"O.t :. 3C;t"FIXt (8 CV YD) lOa DIH~\t1i'i' r....:,,;..DS

Lead Output per hour
m in3

100 64
200 43
3uO 31
400 23

.. 500 19.2. p, '.

f:J>J 17

/Table 14

1/ U'.fechE'.:lized £......rtnwor!~ Construction ll b;)' ":. ~ito, p.124.

?J "Mechanized E.:!.rthwork Construction ll I:y Y. Saito, p.127
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,oole 11.1/
I\V~.:{,..U-, (.iJTWT P':-i:; nwV~ fIJi'. r. PO.i::"'i 5dm •.L 0/4 eu yd)

.and oi ":ark

Ea:;;y work

hard ''1ork

C. COi·lP:.dISOll Or' U:HT 1.XJ3T u.,' .lt1'l,~.01L(

O'.J.tp~t lJer hour
~

60

40

Lf.::t u:;; CO~_'pL.re unit cost 0": C~,r~hI10rK by li.r..nuc.l !d.lour .:.nc.l machines

under rollo~ln; conditions:

(a) !"let working hour~:

7 hOll:"'s for ;::a.nu.:..l eartlr"!ork

6 hours for osch~niz0u ~~rthwork

(b) ~in~ of soil - Co.~~n ;,oil and n~Nl cl~y

(c) ~;orkin:: rate <l.nd o'J'"-Fut pur nota'

~ccorcini to n. a~d ~. ~bove

(d) C05t to inclUue all neCl:;:)::oar;.. t:-xpcnses, :iUCll L:S those for ~"o~b;:rs,
o,::eratin.:; CX~)€:lse for ;,,-ci~illE.., :'':'i1ir:3, ticprccl:.tio:1, t:-C:.ns;Jortz.tlon
and <;.Cii:u"'listr,.tion. :

<e) r.SSI.:.r.ll.:lg '-:~.;.:e3 ~nd ,1rices .. " .
~"J •

:·:anuul l,~bour 400 in yen p... r Clu.y (l'5$ 1.ll)
Operator <300 " " < " 2.22}
",ssi~::lnt .JvO " " < " 1.)9)
3ulldozer 7,500,00Cl " tor onc ( 1120,833.. - )
Scru.p(;r with tr~ctor lO,500,OOU " " < "29,167.- )
Power shovel I:!, 200, ()(X) " " < '122,7&1.- )
Gz.solinc 40 per litre ( " 1.1 )
Kobilc oil 150 P~J' lit.re ( " 4.2 )

/D~tailcd culcul~tions

!I lI~ech~ni2ed :..:..trthwor'k Con:...tl"...lction ll by Y. 5..1.ito, p.129
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Det.::.ilcd c<llcul.:tion~~ 1.'or u i',-,~l tYric:.l Ci;.ses c.:.re ::;:;":01'.'11 in the F.PP~;1"'L:

i.n<: re:::ult::: h.:vc bE:E:n illt.istr~tcd in LT ph;; 1, 2 ,.nc:. 3.

The::;e ;~rq~hs 3:-101'; th<; unit r;;.tes 0: Qli'fer.:.:m. tYPbS of o.:o.rth\'lork to

serve [,,3 :... i~uide for ~electin[; tijl-: r.,o~~t (,..cor.onic.s.J. uni.t to suit the partJ..cul.:r

::::onditio:1s. Some .2(Jju:;t~E:i~L \iill ;10 jO..:bt 0':: :l(~Ce~s:.ry to suit ~ctuc:.l

conditions but the illustr.:.:.tiolls ..;iven '1ill serve _3 <l. useful ::;t.idc and

rcpr~5c~t avcrege conjilions.

Ivr. SO,ib GUGGWj'LO,..

....

.. ..
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VI.

Tois is the ~::os.t i;!;port".....1l rrcbl<:l,l in tl.::.rlllwork lly !'t"u.':.nu<::.l l~bour. Te

h~~s the followinC reLtiO:l in £"cne~l:

aver,:,,;e

OutF~t per l~bourer = ~.H.B

output P(;r' hO:..lr :", ..'r' l~bourer (m)/hr}where ~ '"

H .. t.v~rage net ....arIdn; hours per u:.;,.y - Hrs.

B = number of \>/orkint:; day:3.

t,. TO INCitL,.;,S", THJ:. 1:.}'iI;;IbJ'ICY OF :,;;JJUi,L E, ...i.TlhiOIU<

As the tot<:.l ollt9ut is .J.H.B, we will hu.v~ to uw,kc ~, H and b bigc;er

L~ order to incrcQse the output of rn..-:.nu~l earthwork. In other words, wo have to

irlcrcasc the o·,:tFut per da,'l.

(1) How to increase output per day

Output pE:r day = ,,,,.11 .. Q.j'LH

\<"here c~ = qua.,tity of €<?rth"':ork :r.oved ,,,,t one time

i~ = nu";'\ber of tr:~r.srort..:tions p~r hour

This fornul<l. is c:l~n0(;d lo:

60
q.rl.H .. q x':--::- x H

L L
- 4- - "'"c+r1+ev VI ...

where L = transporting dist~nce • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• r.I

v = average velocity loaded '" •• m/min

Vl~ ~verage velocity eJpty ............................... m/min

c = tirne for lo~d.ing .....................................

• • •• • ••• • •• • • • • • • •• • • • •• •• • •• • • • • • • •• mi.n

d = ti.r.le for unloading

e '" ti..1C for idling

. . ........ ........ ..................... min

t!'hcrefore
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Therefore, in order to nnl{Ci tl.H. bigGer:

1-/ake q bigger

Ha!tc L sill~ller

lJse ot bigger size of J..'lplements, lOl:din,:; as rnlch
qUi-util.y .:i.S l,azsiblc.

To j,:~'.icc L sm~:ll~r, \"le hc.'1e to select borrow pits::,
c1o~e La t:;e i'lorl{ .1.5 possiUc.

;·12.ke v, V I bigger: Tni:.; will Le ,:ov;;r:wu l:y tile physical Stl~o:.n.xti1 of t..!

le,_tourer. .;<:K= up'I .. I'd Dr.:.dient .;.s S:il.::.1l i.~S po~sibl

;/here pos:.;ib1c sel"ct prop<:.r c.ol>·m:..:..~d Er:...diGilt Wti(:/L

10;..::(..":; •

l:.:.,.;:e c sm-.:ller 1i. orier LO lo,:-.d ::5 <:.ulc;'::ly ;;:,.:; possiblE, ;~0CP

(;.'~~::v,·.tJ.on dlo.:)'lh wd lo.:ding nci.,;,ht us s:.,,-11 as
~a::;sib1c. Pu.::.[.' O\.lt ::.::.t.cr \-,hen doing undeI"..:~t~~ Wol'~:,

sE-le-ct ri.;ht.. i.; .;:-1c-:;;cnts to suit t.h~ soil. i·'or
6xrJpl~, choos~ l~r;~ siz~ scoop for sc.nd and liGht
soil, ::>p;~de for cl;::J' etc.

N2ke d, c smaller: UnloadinL; should be dont.; ~3 ~-...:icKly [:;; po:::;slble and
unncceS:O;O,ry idle time s{lould be ell".u.n:.:ted.

1:1 order to accol':1plish thu .:::bovc.:

(i) I·Jork on dO\lTI\\'2.t'd tllopc wilen lo:.dt;;d, r::<.:.kc- upwdrd ;;r.:!.dierlt ~s Gm:.ll.
as possible. for in~'l~nce, witn rubber tir0 W~eOl1, th€ output
will bf;i 40-50 per cent bigger in leVt.::l thc.l1 in. cE.se of 1/20 Uplt::!· i
eradient.

(ii) Use of <.:.tllrr.als, it' pos3ible. In Gcn ....rb.l [.. hon~· ",nd ~n ox have
paWlr 6 to 8 1..lr:,CS blefst:r th..n the pl,ysicc:.l ~trl:-ngth of .::. rrlJ.nu.:..l
worker.

(iii) Select the node of tr_.l~;portc.tion ...iith nU.mmum resistance. '!'His
is very importt.nt .for t.r.s.nsportutl.On bi m:.nud l~bour ~mU. <d1iJ.1.:lL.

T<l.blt 15 ShOVIS hON tne lo,'~d tr....nsparted iT'cret.os(;s ...lith r~duction in

rollin~ rcsist~nce.

}'c.blc 15

~jethod of lr.::.nsport<..tion

C-arryin~ on labourerls shoulder

By eum tire w~gons

By narrow g~~uge trucks

Load lr~nsporL~d per
labourer 1!l kG

40 - 50

120 -160

400

I,~~ for
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A~ for c~lcu~tions:

Ca) On 1.:.bourer l 3 :.:i1culricr:

.;,. l~bocrel' r:ill C:lrry 50 kg ..Ll. jc.p:.n
c.nd about 40 kg (on.: eu ftj in Ind~a

(b) 'J.'rUlsportcd t:,' tir~ w::;on, c...r~~city of 4 eu ft (160 ~'e of e£:.rt.h)
will be driv~n by on~ l~bourc~:

Load of ('arUI 169-lB (4 eu rt of earth)

Toto1 weight W= 2;0 kg

Rolling r~~istance coefficient (~J may be ~s~~~ 0.1 to 0.15 for ~oft

soil, so that necesscry tractive forCE: ir:. It.vd is Vi '= 2) lo 34.5 kg, Md

neceSSc.r;f tr<.ctiv~ fol'cC L"1 1/20 up\o!,rd :.,r<..di(;cnt Ho i1 (sin €I .. a.. cos e) = 34.4

to 45.9 kg, '",'h""n: (: is angle Ol~ gr.;,.ciicnt (2° 54').

k::. the limit of the tractive fo::"cc lOC' '- L"bourt.r i:3 nc,.rly 45 kg,

a l:lbourer will bE: .:bh: to tr~,:'I$r.c.rt 4 eu ft of ci..rt'n in 1/20 upw.::rd gr.::.dient.

(c) Tr,.n::Forte:d hJ n:.1"1'O\-: g':..Ut:0 t.ruck:

;.. narrow J;;<:t:gf:; truck, cq:~ch,;' of 0.6 rn3
(as::u::uJl(; 870 kg of e.....rth) c.:n b\.. p,izhcd by t .....o labourers,
or 400 ~ by 01 • .0 L:bour.::-r'.

This ~Ii 11 be clE-~r fro ..l:

28J kg

Load of E:~rth ')7')" (0'...3)=",-,,,,--==__-,o~-,.~j'. .0 ._ .

Total weight W =1,150 kg

Rolling resistl.:.nce coefi'ici~nl (;.j In:~r ce CSSW:l:""d 0.025

Necessary lr~ctive force in,levol ~ 28.6 kg

Necessary tr2ctive force in,1/20 upw~rd eradicnt will be about
86.25 kg which is l(:~~ th;U1 90 kg (pUShing capacity of two L::.bol.........:

/(iv) How to
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(iv) He'll to ~\... I,; big~cr:

i.ctu<:,l f~ctor~ to ;rl!;:':~ j,] bii:;;er h::.vt.: l.h,,;(,n me:1tiooE;u <:.bev<:;. It
;:i11 d...:p~nd ;::~.inl.}-· on lL'~ cycle tii:lL; or" tb<:: c-::>.rth\'lod-;:. In otht..r
word::;, we h::v~,,; to wJ:c: til<:: cJch. tilac f:linimum. Tnis will be
d.i~C'.l.. 5ea l:.ter.

Gcner.:-.lly sl,,,';.I~i:1::, the COl'1pOnents 0 .•' to,- tir:l~ will b-:: :.or0J:c.rJ.1...o~l,

'...,orl<.i:I[;, rt.:~t for lU;1Ch, rC3t V:.rioQ ",nd idlenes~. In ord<;r to
~::.:~~c I: biue",r ~I::: ~.u::t ii,inL.az .... <~ll co::tpon~nts other tl1<:'1l :::.cLu'l.l
workirl~ tir,1"'. li will b.::: u:m;~llJ' from 7 to 7.5 hours, but thE.
;rICin problu~ is (,OW to C::1i.Jli':<"':.>3 tu"" idle. tit:le. 'i'his Hill dt;;p ...Jld
l.::.rz<.:!y upo:, l:lC ~!;.;.y '·lerK. is or5~~nized ~nd 0.: the (:l~lorts of
fO:-(:::1£n (;tc.

~. LiPLJ.:.iLNTS

It is very ir.lporr..:ml tr.[;t t.bt: right type of J..:.,ph::lente 011'(; used for

excClvution. To give <:n (.;":;;.:"plo, 1':';."'£:>3 sized scoop~ should be used for sand <::.nd

light zoil and spedes 101' cl~y etc. G~n~r~lly, a irained eurLhdork l~bour~r

will pick up the right t~'Pe 01 .cmph!ll(.nts for the particulcr soil. It hc.s bC~;l

observed thnt for dQ1Tlp or WE;:t e~rth":o:rk, the cutting blade should be smnllGr

(as the t.!~rth is heavier), ~d its .::.nr;l~ 1;,0 th(: handle more actue, for ease in

excavation. For dry e.:Lrthwork, on th..; oth'::T hrnd, th0 cutt1.ng blu.de 01' the

spade should !;,rser formin;:~ .:'. bigger ::.nsl~ with the h~ndlc.

~fuere c~rth i~ hard, it will be ~~sicr to loosen it first by pickage

before cxco.vation with U~lI~dr.. Where lift involved is s~Lll, ccrt~in types of

lt,bour find it (;tisicr to c~-.rry tltlO L~sk(,;ts su:;plOncl<:.-d ..;'rom dthcr s:J.de of a POll:

zupported on tho shoulder::; th~n :,I. Single b~si;et c~~rr10d on heed or :::tloulder.

~ctually, it is a matter of judgment b~s~l upon ~xptrience to 5~1€ct the right

type of impler.lents to suit the seil .:.nd the physicL1 condition of the l<:lbour.

It is for tIle forcmx\ to t.o.ke propc::r intEort:st. in these aspects of \york in order

to secure the :t.:.xi.!rrJ.fr. effiCiency out of lhe ~eTl and ;,-.~t.(;r:i.<.l c.t' hb disposal.

1.:lbour welf.~r(: facilities plc:.j' <l very L":"IFortant p...:rt in tho d.::ily

output of the labour, cOJ:'Ibincd with I>,age incE:r'.tiv0 r.:.nd bonus systt:m. Improver.u:.:lt

in housing conditions, drinkinb water saniti.tion crr:.:.nbc,ncnts, nedical fc.cilit.~cs

and recreation fLciliti£s go ~ Ions w~y in cr~ting conditions conducive to

increased output.. Combined with w~ge inccntivG and bonus systL;m, tn~~~ secur~

maximum output under any ~ivcn conditions. lIt is
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It is grJ.tu'.ying t.c nol".~ tr,_(,. i!'l tne !'.:g,:"'VII, t.:.l.lIcrJ.ll; \... .:.L C iI1ct:nt.l..

. '.... o'r'nk'ng '" ter I,'eo"c.l o'n": in ~or.l~and bon'J.~ syste..l Lre ~n vogue, ;,,:n: ..out.::..nl, ....... ,',Co , ,l'" ,...

c...s~s eve;, ~·ecN;t.t Lone.l 1\:cillt::.es ..,~'e :~rov.iQ.eu. to Lbour.

u..bour ~Iclfare facilitl.cs cn t;,€ :~O~l froject in",olvil,,; construction "f

flood e:nbc.n:J:icnts in lnai<>. ""llere tile lc.boUl· ,force at p~ak ...... ::0 of ti:e order 01

6:),000 :rlen :nay be ~;ivE;n by ~lC."J· of Elu~tr::.tiCrn.

(i) Temporary thatched c.uts were provided, for housln~ the ~Jportcd

labour, ".!Ull a livinL; area Ctt tbe rd.V~ of 25 :;q it pt::r L.bourcr. l\ labour fot'-; ..'

of about 1,000 ,ile:: w£;.s esl.i..:7!Cl.tl;d to oc re.~uired p",r r.lil~ of the flood

e:nbankment. Provi:;ion for hut-tine ""a~ ;:l.:.ue fer 50 per cl?nt oi the lubour fore.;

on the assumption tnat hall tne labour .i.'ol'c~ would be lro~1 tht:' neic;hbouring

villages and would not need any housinz accom~odat~on.

(ii) for drinking Hater, one tube well (worked by hewd) WJ.S provided

for ~very 200 l~bourers, i.e. five tub~ well~ for CVCl'l mile of the eQbank~cnt.

(iii). J.t the neadquo.rlers of the Divi~;ion (cn"""'.:.;e of an K:<ecutive &.;in,,,'r)

there h'as a ::-.edical officer. ....t t.hc hcadgu..o:-ter:. 01' tile sub-division (charge of

an ;;'~sistant ..:.ngineer) '\r;as stationed t:. COil1pOUr,uer. Sl<:.nd~rti F.:edical boxes WE;rG

previded every two l:"Iiles ol' tho er.lbanl':,;:1€-nt. There uas el,1bulc:.nce at the

Divisic:1al headqt:.<.rters. lhe t::ntire Division "'·oJ.3 l,naer th:: charge or thE;:

jr;cdical o,::'ficer :·:ho \';ent round. t.he Division for l.:X<:.dn.:..tion of pc.tiE:nt.s and

supply of nedicines. ThE; i:>.rea being hiGhly :.:::..l<.r1.nl, the anti-mala.ria wing of

the Stale Goverrunenl <=.lso o;Y~rJ.ted. in thf: project. area with the result that

malaria woos broueht under control and inci:.l£11ce of dCMiCgS crcatl:r reduced.

(iv) A welI'are office,' wa:; attacned to c ... cn divi:.iion and a welfare

inspector to each S'Jb-diVlSior.. It ;.!as their re$po:l:3ibility to ~ee that

contractors n:ade due payment to their l<:>.bour force.

(v) Government kept res~rve ~Lock::> of rice \mich was sold to labouI'

at fair price.

(vi) A mobile ciner.ta V.l.l 1;,... .5 provided for each division. Sometimes

cne van served t.IO contiguous divisions,

(vii) Comll'IUnity cen"tres were provided. They \"e,("(: sU:f.lplied with

n~/spaper~, and arrangeac~ts were rr.~de for indoor and outdoor gw~es like
volleyball, etc.

lIt is esti.:aated
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It ::1.5 cstiInuleci thc.l lotiJ.l "H~ll'J.rc co::;t .l.ncluding hutting, li,lht, W.... "l.• '

su;-·;.:ly, ~.edical ana rf;cl'er..t'.O!1dl f,J.ciliti0~; C~J.l:le lo about Rs 5/ per 1,COO eu n
of eart:1~iork. (Be-sic r~.Lt:: loI' S~l.>U,~/,~r~: iG ,1c 1'1/8/- /00 Cll ft)

"possible to collect all t;-Jf~ lu.boL:r fo!'ce i.l tli:;'s re~llote urc&, vtith lts

unhealthy condition::., (.(ld. to ::C";1 .:il ",:j (;. th,. Job.

Unit cc.:;t ""
J..xccno·' ture
Tota.l Duti-ut

1:1 or:ler to ,;'c::!uce the ~nit CO~l, ;{l;. •.·u:.t t;:co:"lor.lize on e...:penditure

and incrE-~se ti"jt' Olli..!)~t ;,.;.:;; L,t' <.;,::> po:.;di.;le.

1. To .::in.L;tizc t,he c:·~endi ture

In cenero.!, t!1t; cost oj' Lbour .!~..:es <is a :~·.:rcent2:g:t;; of total cost 01.

earth\~orl, b~r nanu~l lc:boor I.';;'y be taken ~,s given ..1.,1 the t<:ble below:

Toblc 16

CO~'i' Of L.iJCUHEfP S ~iJ.G.c;S J-.S PERCENTAGE
OL" COST O!,' Ji;j.d'.LI1;;,O,~ Bl l'LJ~'I.;;"L LJ30UR

I\ind of work

:-lanual labol,lr includin; transporte-.tiol1

Manual labocr for cxcavution and trnnspor~~d

by narrow gauGe trucks ;:·ushed :flanuclly

ihnual latour for e}:ctr.vation .:.:J~d transr;orted
by ndl~ro\" gaugt: trucks Y:O\'J€r propelleu

l.<~bour wage as pe:rcentagc G~'

total cost (~~)

80 - 90

70 - 80

50 - iD

h.s in manual (';.:rth'·/Ork ~:;:',.'~e Eet uf ",otions ~;,rc J:iore or less repeated b..·

r.;anuo:.l ,·:orkers, i:,lpcovC!:;ent in or2:<.i.:'li:.:::.:.lio:l LO r:unirr~'z.e idle; h.bour <.:SSl,l;,1eS

sl'ecial importance, beC,JuDc any small 5aving in labour e>.-pcncled may lead to

subst.antial savinss in cozt. ;Ict~ally, improvement in thi::: respect c;m be

larr;elj- brou[;l1t about by the efforts of forro.en.

/So c<...llcd
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purrose is to injice.t~ for \;(.:.t percenl.i.J,e 0;: L c.... -.;' 5 :lOr,: l.:.bourers i:.re

er.,tagcti 0.1 their .~in jeb,

sccon~rJ' jobs (in:l-..:.dinC lell: ti..;~.~) to obt.~.b the u:.t;;. for the i.':lprovE!;_·,ent Ol

0I:f;ra.lion C:.!lci its or..:~.::i::;ation.

;.mrkers. ti.S ,:.:1 ideal, the jot O:::l1o".l.ld be 50 or;.::..ni3l;;j <':'.1'.\ controlled t!l.::.t cacil

worker woulci. pcrlorm sometlib:J r,ooi (or t!.~! plCl.l'1:1l..~ rroouction continuously

throu:;.hout the \-lork:i.r.g hours. But it. is ur,:.voia'.ulc til·:.t :::omc percenlc;.t;e of

\'lorl,in;:; hours ;.rili. re-Ila-in idle \'/ithout. pt.l'foI'dirt3 any p'oduclive activitlCS.

KaHo of ~roductiv€ time to total 'IlOrKin!;; ti;M~ i::; c...lled. "-:.ctivit~' ratioll.

Lt aCLual practice it is ~L~05t L')po~~ible to ObSC1~C ~lC ~ll-daJ p£rfo~~Ulce

of each F;or;:er. 7he u:::>u.;:! r:,l.;thod is to tr;r L.O find out by uctuiol observation

hO\'t r.ldt1y ~re iule ,:,.t. C:.1l,Y ~rt.ic\;,l~r tJ..:.e b;,' s<Ji.~lijl';:' and then deduce results

for whole d~y's workin~.

i.s C:. res-..l1t. 01 i..ctl.~l oc.scrvu.tion:. r.lo:.dc 011 one of thE: pl'oj":CtS in

India it WaS fOI1nQ th_-.. : cti·..ity :'.ltio W.:iS 50 per cent.

iJe ~u~t t~e every effort to incre~~~ :ctivity ~~tio by r~cuc~ iQle

time.

Ve.riO'l$ .c:ethcd.!: to i..r:lprove o;.:t~"'.ll n: '1(; .:.lready been discU3$ed Wlder

il, B 't.nd C acove.

E. Tn~ ..;~v ;-':OTIC;·j Sl1JiJY

As mentioned bel'ore, i:1: ,f..'lu""l l,.~:~·th.·..or:< t.1lt: :; ....,;c set of r.lotions is

more or less rtpeated by a larce IfJ;:'\b·.r of -..:or:(cr:.. so b.:.t any ~·r.lU.ll S<:.vinb in

labour expended may lC'-d to ~ubst~'1ti~l ~vln..:...; ~n cost, 00':' l'l~;; ot studli!1[;

the problel!l would be to dett:rmine the ti:.\t: t..:. •• ",n ~~or one c;,rcle of operations

and tr-.r to elimi..n<:te idle ti:ne.

Each operation of ecrthwor-i: cOll;Jisl:J or thE: follOWing:

Excavation (cutting), lOi:ldb~;, tri..n~ rNrti:lb, unloadinF.
returning. OtiC cor.lj~ht~ cycl~ \'l.luld be l'rQr.1 cxc.::.vati~~
to returning after unlo< o::'n;;;. l'Iftcr unlo<.ldiI1i;; there i'"
the process of grading, <.:ompaction o:..no fin~l aNssin& ~ut
these may be left out for purposes 01 the present study.

/Aork done
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V/ark done durinF the da;r ..:.rid time c1\."'Dcnded on u~cl'ul l'Iork

I.xc51.vatior,

::"oading

TI'5.I1Sportiition

Unloacing

~teturninz

::c.ir:teni.J.nce

Rest for lunch

Rest period

Idlenes$

life can note the ti..:,le of €uch nrocess d..:ri:\-:.c t,1e c.ay.

;.5 a rc::;ult of obscrv.::.t.J..on.s, l"re can find OL;t:

(a) TiMe of idle work.

~i1C t1U~t invectig<:.te tile c.::.;,;,ses 04' :::.el.::: '\.-JorK anJ devise w;;.ys to
;llinimize this.

(t) L";hetlier th(~ capc.ci ty
each proce~s or not?
equipment too large?

of L.Dourer ,:·...i.d e·~.uip:Tlent are b.::.L:....nced in
~:het!w:r labourer::; <l;,~C too 1,1a,.ny or transporl.,:....l

(c) .':hethcr tlH~ woridi'IJ sr-ecd. is proper or not?

The standard of \'lorking speed C'::'l1 be juugt~d by tne :::t:asurE;,ncnt
of actual workin,~ :;;;peed for a number of opl::r'-ltors.

(d) Is there ~ny

transporting
p3th.

s:')(:cici.l bottlt':!1€ck ir.
~lopc is too stee~ or

t:1S pl·ocess?
i~ladey'uacy or

r'or in~tance,

lc.ci'. 01 trJ.f1spo ,·t,":": •.

/"s ~ result

(c) To deter~ine the 3t~ndara rrocess.

t\ccordir,:~ to U1(, results of' tile ,'iorl{L"lG t:J...i:i{; ',,\: C....ll deter;;une the

st0nd~rd process.

A stuuy ''''as :r.:.'de in Jc:.F<.ln 0,1 e",rt..i-.liork inciudini-~ CXciJ,-.titinc:.;, lO.3.Qin~:

by ]ilanual labour ~nd tl'<..nsrort cy n.?rrot", Zf..l,;:c tr·uc~ (c<ip~city 0.6 m) pu~h~d

b~' 1:130U.:.l l<.Lbour, lE:~,d )G.) :.j ;;;.n:l ~verage "l'.;;.c.~ent 1/;.:0 o.o\mi-i<...,~d. 'the tim~

required for the proce3s of loe.ding, movin,;;, unloc.din':: J truck returning and

waUdn:; (l:Jlloaded) wa~ r..easurcd c..nd ,mal/zed to {1i1d out mlic.sures nl2eded for

L~proving the efficiency.
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•• a result of c&reful ~~alysis it \(e:~ found t:.c. t cve:1 by allo'llin....

~ ..;o - S.lO and 16.50 - 17.00 for p.cepar=.tion ) \iorkinG perioa
)

12.00 13.00 fer h'::lch ) iz fro;.' 8 a.r.i.
)

10.00 - 10.15 and 15.00 - 15.15 for nst ) to 5 p.m.

it should be possible to increase the n~:bcr of r~#urr. trip~ fro~ 19 to 23.

/VII. HOL<. 0,
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VII. f«)L:t: Oi i·iJ.NUI~L :.NU l'iLCHhiJIZ.lJD l::;.RTH1IORK
..UD TH:i:.![t COI~~dlrJ,~'rION

f~S di!:>cllssed in chspt<:lr Ill, l:1~nuQ.l labour hbS seve-.al 111nit.::.tlons.

In case u2nual l~bour has to b~ e~ploy~d for eurth~ork beyond optim~TI lo&d

and lift or for eAcCl.vatir(; hCl.rd soil, unrier \"ILLer \'lork, de. where :.lanu.:.l

labour ~lone cannot be effective, it ~ ..oulci be best to combine it \-lith m.:lCrlir:~:~.

Let us first ex.:minl? tile ccn(itiol1s ~·;j;ich tlre suited Ior eartrr.lork by :ilc.nua!

labour and muc,.ine~ before di::,cu3s1n:: tile cOLbir;b.tic{. of I.w..n'....c.l !£.bour <:.nd

machines.

(1) ~w·ages for Inbourers ure low.

(2) Speed 01 construction is not very important.

(J) Small ~uantities 0; e~rthworK <.re lllvolv~d ~nd working space is
not rcztrict€d.

(4) Employment of labour is easy.

(5) Kind of soil is not hard and conditions for excavatlon and
loading are easy.

(6) Lead i:,; le::>~ than 100 m.-)lres and lift less th,:.m 10 metres.

(1) Wages are high.

(2) I'Jorking rate is high, as for ex<:.mple, with hard soil, excavation
under w3ter or loadin~ to height, etc.

(3) }Jol'1< b difficult either bj' manual 1<:bour, or even transportation
by trucks, etc. > <.~, for exal',ple, too'ork on uncve:l topography
involving hi[;ij lift:.; and in remote place:; or where space is
re.;;trlcted.

(Id \':ork where lead ~~nd lift is beyond the optir:iUI:l for lMJ1ual labour.

(5) U1crgency worl< that h<..s to be done wlcex' ereat prcssur~ 21'Id where
speed is all ~,portant.

le. COl'i"BIIJ;~'rrON Ol
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~,'here necessary, it is possible to corabine r.lanu~l labour a."1d i~c.line~

t'ationallJ with a new to ir,cre;:,.;irib th~ eiiiciency "r earthwork. Corr.bin<:tiofl

of earth~o"Ork by r..anual l.:.bour ,;,no r.achines .,;vuld be ~overned costly by the

conditions prevailing at th~ "lorkir.; ~itE:. ne \illl, tberefore, di::;cuss them

mainly on the b~sis of unit cost ~d efficiency. ~ertain tl~ical construction.

a~e sr.o~n in Table 17.

(1) To deler:-:tinE the .:::::::.uacity of the cotibinEotlon

The most import~t ~roolem is to balance the capacity of manual

labour and machines. There will be a natural tendency for the lThinual labour

to do less work and be idle while worklnti in canblnulion with ~~chines. This

will be further increased in c~se there 15 l~ck at b~lence in the capacity of

manual labo'Jr and macnine. In zeneral, tht;. f,overnlllC .:actor will be the cap"'c.L..;:t

of tran:;portatio:l, so th;;.t car~...city of each process ;)hould be fitted. to the

capo.city of tr.;.r.spo2"tation. In other '·jords, nur..ber of labourers for excav<...tion,

loading and unloading should be fitted. uith the ciJ.pacity of the transportinc

machine.

/1ab1e J7
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Table 17

Conbinations r..,''{cavation Loading Transportation ".&1bank:ner.t

(a) Short di5t~ncc transportatio~ (lead about 10 to 60 0)

Cor.Ibination (l) ~I.L.Y H.L. II.L. lI.L.

" (2) H.L. 11.L. Rubber tire ~aGon E.L.

" 0) ILL. H.L. hllimals i-i. L.

" (4) ;·1.L. 1I. L. i'Jarrow gauge truck ~~.L.

" (5) t3'.I.11dozer Dulldozer Bulldozer DlLlldozer

(b) Short and .!lediu.':l distance transportation (lead about 50 to 200 r.,)

Combination (4) ~I. L. ;"i.L. Narrow sau&e truck M.L.

" (6) 1I.L. H.L. Narrow gaubt: truck H.L.
driven by anir.~l

" (7) l·~. L. 11.L. J-wheel automobile H.L.

(c) Medium distoncc transportation (lead about 100 to 600 m)

Combination (6) H.L. h.L. Uarrow gauge truck I1.L.
driven uy anillLal!J

" (8) H. L. M.L. ~arrow gauge truck H.L.
driven by locomotive

" (9 ) 5cr.... per Scraper Scraper Scraper

(d) Bedium and lonG distance transportation (lead more than 500 m)

Combination (8) H.L. H.L. Narrow gllu,:e In:ck M.L.
driven by locomotive

" (10) Ladder Ladder Narrow 63~ee truck I-1.L.
excavator excavator .J.riven by locolOlotive

" (11) Shovel Shovel Duro.p truck Bulldozer

!I M.L. stand~ for ~1ual labour

/(2) AoplicaLicn oi
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(2) hculic:.";.ion of bulldozer to l;_rtlr..'or,; bi ':LC:.nual li.:'oout:

Bulldozer i:lJ.j" be us.;d not c:;,!:r for ::,~cn;;l.r.i~ed eJrt.-.~/ork but Cilso

1 1 . ,Tt ". v·.· ...·! "5€f:...l c.:nd ~nCl~ei:.St::': tl··combined with E:G.rtl1\;ori~ b:.. !!:<U'.ua _GoLo:;r. .... ' • ...t

efficit:ncy of e.'!'rti1~...orK Di r.~u'3.1 labo'Jr v.;1'm u::;cd for:

( ... ) Z.:'tcav.:..ti:v. ver'J- tnb l<.tJers Ol eal'tt:

(b) i:J::cavatin;.::: h~rJ soil

In these ci~cun3tG.nce~, t,ullciozcr ~:cca,,:;..:.t~3 ... ,,11 pusne::: tr.e soil to

the site :lear the trucks c:..nd l'idZCr,S to be lo",cio::c by r.t.'_nual labour.

(J) Hatters that need 3Pcci1:i! <.:.tte:ntion lor each cClr,lbin,;tion

(a) Combination (1)

This is the traditiol'.al fa!":".! c: ei..rtll\lork, and May not be effective

for' lurge f;u<l11tities of f:arth~lork. '!'his I.let.led ~s used in case of SOilll

quantities of e~rlh vol~e ~here topoGrepl~, 5c~l condition, etc. are not

suitable ~~cept for N~nual l~bour,

(i) Eest suited for l~z:.d <:onc. lift 1c5::; thull JJ tl <.:.nd 3 IJ respectivel,:r;
t~e li":litine; le.:.d '...'ill be l()O !":ctr~::;.

(ii) It is ii7:?Ort<:.nt to bc:.1.~cc;- thoa l,uf.1bc:- or' latourers tr:.nsporting the
earth with the n~i:.ber ~~ L.:.co..... rcr::: (.:~c~'latin.. it, !;o that bot~ sets
of labours are contlll"":'o~:Jly uu~.l· and no timc is lost in waiting bi
either set.

(i11) The intervcninc:; dis~.,:!CC bet",/cr:;n liJ.'oi,cers :;hc'l;.ld be fixed carefull:'
to enable the:.l to "/0:-:: ",nl.ll ;.:.::>C.

(iv) l'rc:.r.s!'ort.::.t.io:1 shoul~ !.:l~ cDi1l.im.:'Ju:,: frO!l tilt; eA:c;::.va.tion c..:.rea to t!~::
dumpin; l~rea, so tll<.'.t r.o .Leou.. :.::;se-" th<: same spot oo:-c th~n oncC"
or. his 'W1i:! f:-o.71 the eA~.;,.v.::.t~on .... rE:. to t~t: d.1.:JPin:;: area and b-.:.cl<.

(v) The loat.iin:~ neight uu~t te kq... L le ::: l:i<.n 1 J:l·.:tre because efficier.c."
\/111 boa greal.1y reduce:d .If the lo~,jir.:; nt:.:lght is ..'t()rc thaOl 1 metre."

(vi) The number of im;-hecnts for tr....nsport<.tion, 5Uch a~ can(. basketf.
should ~lways bu 25 ye~ cent to 50 per c~nt norc than tne number
of labourers fm(;Q.::"''d on l c::'i1:-.Jportint earth. ../hen t.ne labourers cow..'
b~ck to the exc<-.v:;.tion ... :-t;,:" ::.ftcr tlW:lpin.,; th.:: ~ai·th theJ' should
hnd be.skels l1lreuly tilhd up and ::'houlli not have to Hail.

/(vii) It is
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(vii) It is gent>r.::.lly fo·,.r,d tnni labo:.!!" \'lorkin,S in smller groups oivcs
more pCI' cap.1ta production tnan a la~'i:::€- nuaber of h.bourers woridlJ_
in the :3l>.r,ie ploce.. Optimum number or :Labourers wor~<ing indc)cnd<:lf:' J.
would be ..boui 40 to 50 people.

(viii) P,~tll mde by lhe labour for ,;ettir.c on to ti1C top of the excavatic,i:
pit should be a propr;!, r .. :.I!i;J at an easy slope of 1 in 10 and not 1.1,

the form of ~tepn.

(i..x) The Jr""x.L:::.:.':l dlsto.nCC and lift for l-lhich 5<.:01 c..l1d e,~rth Cdn be thr:.',
\'fill b~ 5 t:1. c:.nd 3 m reopectively. (}.1;; ~hovel-tull of ~art:l wcit.L:.
on the <.,;,v(.['c.:;,;;: 7 t.(j 0 :-::C, 1 cubic Metre of c.:.rtn wciZhs on the
<:.ver~ge 1,620 :t.; and contains IS,) to 230 shovel-full. ,.~~lKing Spl".

of l.=.:.bourer is .:bout 30 to 40 lr:etres per min.utE;;.

(b) Combination (2)

The conditions <.:.N lt1!l"o:;t th£ ~<:!.le _& for co;.;bint.tion (1).

hs the output will be ",&in1y in.!.'l\.:~nccd by the crc..dient of dope end

rolling resista.nce between rubber tires .:::.nd earth, it is necessary to make tnt:

gradient of slope of tr<.:.nzporting p<::.th oS easy as possible.

(c) Combination (3)

Thb method has becl: very popul<=.r in Sm,H? ot the countries of the regiol.

with ..n abundance of cheap aniJn.:.l labour. Before the introduction of i.1achines,

earthwork on some of the brec l»lrra..y~.; on sand foundution w<.o.s completed with

the help of donkcJs. Donkeys in Inc.ia carry about 2 cu £t of earth, but it

should be possitle to increas~ the cap~city by 10 to 20 pcr cent.

(d) Combinotion (4)

This will be tile lowest rcsi ~tar:ce faethod by r.-.anue:.1 labour.

(i) It i~ nccps:;;arj' to .:=.void (r.i(~ll radius of curv;.:ture and :iteep slore::.,
espec;':;.ll;,'" to i·.void more than 1/50 of up-Grade if po:::::;ible. The
brake will be nc<::~.:;st.ry, if the lcr,ctn of slof.c of 1/30 13 over 80 ill.

(11) The arrc:;.nr;c,,::c."Ilt 01' the trnck Hill b:ro~tly <ll'fect efficiency, JJ1d it
is ncce.;s~'ry to ~void cc.nfusion with consequent accidents JJ1d
breakd )V.TlE.

(iii) The tr.lck h~s no doubt t:> be 1l,0VCQ from p1....ce to pl<::.ce to zuit the
condit:~()ns of the r.lork., tu'" 3S ~hiftint; of the tr~ck is often
troubl) ;O::l~ it ~hould :)e k' 'Pt to the :.linin:u."l.

(iv) Genera_ ~y, the tra.ck I-,i]l :)e .:;ingle, but ~f po~~ible it zhould be
double \'fitil sepc:r<lte tr;;: Ck3 for fOI"""ard ;.;nu return trip!;, ;:..1ternativc; l./,
loops :,t ::mitab1c j.loint~ -"ill help to incre",se the efficiency.

I(e) Combin~tion (5)
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(c) Cootin,tion (5)

Tl1is l:lethod is ef:..'icie-nt. for short dizts.ncc tnn~portat.ion say 50 to tIJ :11,

~d is very econonical for 10 to )0 n lead.

(f) Ccobir~tion (6)

The condition i:; .11::n.ost the sa:.lc •. 5 cor::;cirutior. (4). It. r.l.t;c.n~ 3 or 4

~arrow gauge trucks driven bl an~~, ~nd is econo~ic~l and efficient for

mediur.!. distance tr.:n.sportat.ior. in .::. place ....herc t.h~rc is [.n ab'.mdJ.n::e of

animals wit.! cheap fodder.

(g) Combination (7)

The 3-wheel automobile (duf:l? type) is El. o:ilQ.l :;;iz(; tr::..nsportation

vehicle (capacity is about 1 to 1.2 n?) very easy for unloi::dine or earth and

t.urni~ direction. This should be useful for <:.bout 100 to 200 1:1 of tr.:>.n3pOrt...uon,

but not suit~ble for soft soil road condition3.

(h) Combination (8)

This is almost Sar:le <1:3 cor.lbin.:.tion (id and :~enerally 1 cubic metre

dump truck is used \-then transported by locor,lOt l"o.'e in order to keep unloading

tilr.e to Iilini":l.u:n. The usual cOr.lbin&.tion in J •.q:an iz i.~ follows:

Capacity of truck Roil Gauge
rn3 Kc/m "'"

Steel 0.6 6 - 9 610
\-looden 0.6 6 - 9 610
Steel 1.0 9 610
Wooden 1.0 9 610
Steel 3.0 20 1067
wooden 3.0 20 1067

Locomotive
ten

4 7

4 - 7
4 - 7
4 - 7

20

20

1/ "Hechanized iarthwork Construction ll by Y. ~ito p. 169

/(i) Combinutioll
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(i) Combination (9)

This method is very effective for tt'~n!jport~.tion for EL dh;tance of :i.,;J

to 600 met.r£,:>. Usio£', th(;j pUoher would ~d<i to ef~ciency•

.(j) Combination (10)

For thi~ ladder 0Xcuv~tor (Lo~aer) is ~sed, This *ethod will be

s'Jit:lble for' h.rge-scolle excavi:.tion 01' cfI.:.:mels <..0::0. c&:'tn....ork of €1lJbankrl1ent

etc. in !jc.ndy 5011, but not suhable for h<.:.rd soil.

The co.pacit~r of the Ilk,chine is 120 cubic ,,:t:tre or 00 cubic /;1l;.tre pe::,

hour. Th~ m<':'cf,ine is effectiv3 thO'.lbh triivelling is not ~o ~s:r.

(k) Combination (11)

This method ~:; useful under l7io:;t conditior.s .:.nd the number of dumF­

trucks should be fixed to suit toe haul<::.gc distance "and the capacity of the

power ~hovel.

(4) ..:,xal:1ples of cor.lbination of earth.....ork

(a) ,(e:;ult~ of rtn~lY3is of data

(i) Output per hour per r.1Wl

Output per hour j;er' :"lc.n can be calculo.ted from thE; d.ata for ..fOrking
r.:J.te ",nd outj)ut, shown in cha.~ter V, .... and Dj SOltle assumptions will,
however, be necessar)'. The r.esults of output per hour per ffiiJ.n arc
shown in' graph 4. (See r\ppendix for det.::.il:.:> of calculations).

(H) Unit coot

The results are illu:'.itr<:.ted in Gr<.iph~ 1, 2 and .J.

(b) Consideratio:1 of l'.:;;,tiOlldl cOi!lbinc.tion e1' the carth..;ork

rrora the study of graphs 1, 2 and 3, the follOWing co:nbin~tion~ of

earthwork for Giv~n lcud~ are su~~ested:

(i) ExcJ.vation <.nd lo~dinr.; (Graph 1)

The r.iost cconomiccl n~ans \'1oula be r.1nnu<:.1 labour for locding to
height le"" th;~ 1 u€'t.re and ;"ol-fer s!lovel for loatlin,:; height. more
H.a.1 1 metre fOI' COF..r.lon soil. Power sllovel \'1ill be eheuper in case
of h:trd soil w~t h 10c.ding heic;ht of more tn<">n 1 r"etre :lJ'lVolvinG larcc
qUJ.ntities of e:.rthl'1ork.

I(ii) Lead 10 to
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(ii) Leud 10 to 60 ~ (Gr'Fh 2)

The nost economical :,:~t(,od \·:culu Le bulldozer; next come:) rubber
tire \·r<:.~on. :larluz.l 1;.~bO..lL~ i:; ..o.:.t e..x;Jcnsive in this c~se.

ili:.llr.:.ozer should thcrf;fcre. be used, if pos.:.iblc, and ~'[here

difficult rubber tir.:- ~:::,::;o ii1.2.Y b<: 'Jfod. :·It-nu.::.l h.bo~r' zhould be
used only .i'or SlI2.11 ~;l.c.r;i,..:.ti':s ot c::.rtI1~':ork or for ti'Je work Hh~c_.

car_'1ot be exec1,ot..::d except by ::~nu.:.l It.bour.

(iii) L~~d 5Q to 200 m (Graph 2)

The most econor.lic ..•o::lhod "dll b0 lO I.:Si;J scraper (cr<lwler tractor­
driven) but if ;:;cr&.per is not ::;t.;it<.:.bh, n~rro", g.:J.ure truck ani;n:~l

driven or nc.nuc.l 1<:..bou1' ;,ml j-'....:lc~l aULor::obile should" be used.

(iv) Lead 100 to 600 m (GI~ph })

Scraper (crawler tructor-drivcn) and motor ~;cruper ere illost
econor.lical for leads le:::;:.; t.h~n .;00 !T. and 70J f;l rt;spectively.
i,there le~d is marc ih.::. L~OO ~nd 800 I:; r~spectiv€llyJ power shov{.·l
with d~~p t~ucks ana n~rrow Saute truck locomotive driven will
be more economical.

(v) Le~d ~ore t~~ 500 ~ (Gr~rh 3)

;·~otor scraper <:Jld pO,1cr :.hovel Hit.h dUl:lp truck will be econol:U.c~l,

provided the nU':"lo~r or' tump truCl{..; J:".atcbes the c~p~city of the
pouer shovel. .:)or:letl ..:lo:$ due to l~.cl( of dW:lp tr~ci<s, power shov(;l
ca:mot operG.te to 1""..:.11 ci.:.~_cil:t.. 1/; th:..t C':'3";, the unit cost
"'"ill be nc<'.rl:,' the S~'::;1.-:: botn for tilt: po·:..-cr ::.hovel .:nd dur;;p truck
and r.c;.rro'tI &""us;e 'tr... ck locoraoti v\... drivlm.

The r€~lts discu~3ed ~Gove ~re C1vcn only :"5 illu~tr~tions. ~hen th3

efficiency of ~<:.c:linbs L1~~~bt.se~ further, U..J.l cost would be 10wtor. If,

however, the purch<.sc p~'ice of ir.~clline::; incre...oc;;, the. llllit co::.t ~'ould be

hiJher, so thc.."L unit cost will v:'l'y ~ccordiili: t.r" the conditi0x:'S prc:vc.:.iling at

the tir.le.

In practice it \Joula be nccc::;;.u'y to culcu1<.1te t.fJe unit cost accordin,:,

to the e.ctual condltio/l:; 'Jr(,vH.h'nt 1n the country .ml d,~tcmin~ tho most

suitable and economical co~mination.
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VIII. Sl.n: ...,,\.Y ~·.ND CQNCL0:....10NS

The countries 01 tilt; 1'0...;100 klV~ in !ji;nU i.L heavy prQgr,....T:l...ae of H&tel'

resources development inv~lvinc lart!'; quunt-Hie:.> 0; eiJ.."th;tor!<. ..:ith the

incre::.se in the: size of projE:ct.t., ~ill.::re (la!> recently b<.:en u ~ro\(ing tcndencj

to use •.;;,chiner:r tor e<.rt:'l .. orlc ;.::> ~he:;l: cCruntri"s loliti\ <:;, r~pidly increCo:;:l:i,

f,opulation Li.od a slo\'/ r"Lte 01.' ii1du~;iriG1.1izfJtion iK.V;;O ;,;"oundant i,lanpOWer,

efforts shoulJ ",::<;: directed to\:<..rds iiJprovin:; Ch" ·:df:l.ci,::r.cy Oi.' ::l~~nuz.l 1",10U1·.

Giver. the <'.::,Ol;:-.t. 0.' b:..l·[Jl~.or;, oein:, ":'00(: or ccn':..v;:lpl<..tl:.Q u;ldcr the

develoFmcnt plans of t!1.c cO:":':"ltry, it.. is r"6lt tn;::t 3. ::.t<._e h..s been reached

when the: entire qu(;:stion sHould be c::.r€.i.\,Lll/ ~.:~~.Iin<::ci. \Htll i. vie:'..; to:

(a) ~i.akine more effective ~Se of ;_1;.r~u~1 l~bour throu£;,l improvement::;
in il!::;le;:lent~, l ... boUl' ~ncen'Ll"e::;, ",':e!l'.rc Ic:Cllitic~, <;tc.

(b) DeteF.:1ininL; ha,-! i.'i;.r ;.'.<::.r:ue:.! Lbaul', <.:.lon:; or L1 c.;;;:..bin,.tion ,,;ith
machine3, ~hould we &dopLed.

It ~"till be 3::preciuted L .... L c... savb,~ of eVl:n ~ :.l:~(..ll percc;lt:.c~e lJ1

the eal'th;.;ork CO:Jt of water resources c.e... elapw:'.nt, j:rojects ""ill ult1uo:.tely

lead to ~ub~L;nti.ll GClvin~ anli thu::, ;:10:'>:: tl,<ln juo;tif.)' this ::>tudy.

There are a number of [<.ictal's u.t'fectin<.. output 01 e.... l'tLwork by mar,u<:.l

l£:.bour:

;'1o..tural conuilion:. ~~l\ch :.lS cliil'....:te

Topo~~r<:!.phy .:~nd n<:.ture of the soil

Pt,ysical conditio:ls of li.. baure:C3

I:ilplE'Jncnt::. used

;~&l:e incentivl'3, bO.I'IS syst~;:, L.bo<;.:, 'vHdf..:l.re a:ld recreation
and :,ledicr.l le:.cilitic"t;

Workinr; ccndi~iol1S lii<e !f.:....c. <..r.d lL't, cnd cx~culivc orcani::ation.

!!att:r~" of ~orthHor;·~ - h' the :::oil 'La b..-.: <Jxc~v<:.tcJ is very hard or if

it i~ sluci\ iIIVolvi:1E~ u:lder-.,<.;.ter \"101'~;, ....'_nu<>.l lGboi.lr m;..:! be (u:ficulc., if not.

imro:3::;ibh:. 1'1anpo;·fcr re~uirec for tr...;. c""c::v£.t.1on 01' v<:.riol,,;s typL:5 of :3oil

has been :Jet out in delea. Dr:,r h<.lrd cl~y, .co;,· ~~~1Iplc, rc.<.;.uircs about four

ti.::lCS the ;!\:::.npo.....er needed for ~olt :.,oil.

/i'he increase
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The incre=.se in fJG1lpOI.;€>T rith variou:;; loading heibllt~ for cor.-JTlon soL_

has also been given, froe wnich it is clear Lh4t, with lauding hei~ht above

one :aelre, the r::anpower required per cubic octre 01 earlh...:ork ir.creoscs

rapidly. In the case of ;;. lOiidil1J iielGnl of 2,1 .-:\otres the m.mpower rer{uirc

is double that at zero loadinG height.

The increa:;e in t.lWlpo../er re~;uired ior ti~~ excav... t.ion of u cubic 11:f:lrL

of earth under different dep'ths 01' wc:.t.er haS also been .:;ivf;;n and it has been

shown th~tJ for the excavation under 0.6 rn depth of wale!', tot! manpower

required is about four tL~es that at zero depth.

The increo8se in munpower re.;uired with an incrcuse in le:ads anu lift.:

has also been shown. The optimum lead and lift for manual earthwork may b~

taken ~s 30 ~ to 50 ~ of lead and J m to 4.5 m of lift, ~nu the crit1c~1

limit of lead cay be taken as 100 m.

~~ere large quar.ti~ies of earthwork have to be coapleted with G ~U~

of speed, machin~s score ne~vily over ~nual l~bour. h two-yard exc~vator

with about 10 men c..n do a piece of work in onc day which the ~e number of

~en will take one conth to cocplete by m~nu~l labour.

l1achines can sometimes cut down the construction schedule by one-halt,

~o that the project will start to Give benefits much earlier, witn consequent

returns o~ the capital invested.

Similarly, m~cnines are indi5pens~ble for conp~ctiow. ~here large

quantities of earth·....ork h..yc to be cOIJpacted, uS in the construction of a dUI.;

or high dykes, there is no ~lterr.ative except to use nachines.

One wa)" of quickeniflG the roce of c~rU;\<;ork by nanual lubour 1S to

increase the labour torce, but for a lurge mUlti-purpose project there are

obvious li.r.litations to the size of the work force. Labour i\.:.s to be procureU

for different sec~ions of the project in progress at toe ~ace tL~e, and a

large labour force cre~tes it3 own problems of housing, sanitation etc. In

addition, manual labour h.:l.s generally to be attracted by heavy i:.dvances whic:,

add to overhead expenses. Overhead exr-ense:; comprbing hutting charges,

depreciation and repairs to tools, tr~sport and watchman charges, advance~

and food arranger.Jents, have been estL.1ated at 15 p~r cent. To this we have

to add lighting, sanitation, water supply, medical services and recreation
facilities.

/If manual
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If manu"l Lt-our ;1",:3 its li:ait<.:.iions, m0chanization -:;re/;l.tcs it:..:: own

proble:ns .in under-developed countries where there is plenty ol' manpower nod

general'"undcr-c=mploy.nem,. On un a-10rag,e, 11.. .7lay be t;;,.t(Gn th.::..t abol.lt 17 [r.en

operatinG a machine (2~ cubic y~rd c~pacity shovel) can give the ~~e Qutturn

as 30-;; cen doing i~....n':.ld l-t..rthHork in thl! :;;C1:':'~ period. ~1c:chanilatjOTi reduces

the n~~ber of P-ffiploy~es dra~tically, and this should s~rve as a wurning

aeainst over-::wchanizCition. Gen~rall.j" in a,lY given project there "",re sectors

like ca::,als involvin~ c..rti",....ork lvi.th moderate l€e:.ds ~nd lift::;, so 'l.hat by

judicious use of r:'lc.cflincry a gO.Jd balance CQIl be maintained bet,WE:-e.l worrc done

m.::.nually and. by J.~cili:les.

It has alGo to be l'€.nembered tfh... t cor.dderablE:: eXFt:nditure of forcir;n

exch.:lni;e is involved in the inlti<:.l p...rcil&Se ,",na prOCUrE..i;·,ent. of sp.:.:.r~ p,.rt:3.

The <:~verJ.3e rc(.~uira:tent5 of Jp<>.re F<lrLS ar~ of tii<: order of 15 to 20 per cent

of the cost of equip;:1ent per annum, 50 tihtt during the econor.dc lif0 of a

m.:lchine ::pare i',,-rts cenerally cost as nruch as the capitc:..l cost of the I:"achine.

This involv€:3 recurring exyenditure of foreign exchange. Fuel and

IUbricat.ine oil also b.lvC t.O be import~d in the c~s€ of most countries, addi.ne

to the recurrin~ loreisn exchanGe costs of oper&tion.

In order to (l\J.intaill these expensive lJlC1cr.ifles, well-equipped workshops

have to be set up, and sO"ldimc:.: it is (hffi~uIt to man thU:l efficiently in

vi!.;\·J of the; shortac-:: of tr&.in(~d ir,echonics.

Ther(,.'" b also the que~tion of the training of op~ratol's and mechC:i.nics.

In this rceicn, then ir· Cl. short<2.g€ of trJ.ill~u teclmic2.1 pnsonllel. For

proJ::er usc:, h(;;avy e.:3.rtr_'Ilovini'.~ :n;.chines need zkilled oper",tors. ThiG alone is

a big bottleneck for 13r[c-:,;cale ."!lt~chanization althocgh tr<:.:.ininr: SChCffi<35 h.:ve

bcc:n unQ<:rtai'Cll in ~or,ie of the: countriGs. Plf.nt rlc:nnin,: for co.rthmoving

equip::1ent ned:; expert :01owledgl~ and h!'..s T"O be done with Grt:~t c;~re.

Sii~ilcJ.rlJ', ht~,;l rOi,;.ds ha'l~' to be carE:fuHy planned ;;.nd 1.;..:11 ::;Q.int.::.in<:d.

Efflcicmt ,',:.na... (.,:lc·nt 3~1.:!. 50und planula.::; involve till: n;;;,ll..1.. ln.:...ncE. of J.ccur<.:.te

records of thu Lclual \'/orkinc of 6~ch l!l.:.chil)(t, uhi:::h n",c:cis z [,ood d~~.:.l of

orJ2.nization.

/ .... S5umil1;-~ net



E!w.il/:lrlD/Conf.;-/L.1
Pc:.ec. 42

A.ssw:ri.~ net .;arkin" hours are st:;vco, t.ne Q.Vl,;l·<:~e ,""-IlpOL·H.:l' required

has been calculated pEr cubic ~etre for the following conditions:

(1) Excavation a~c lo~ding by manu~l l~bcur for difi~rcnt kinds of
soil and for dirferc.~t lo~ainE. heights.

(11) Excavntion by manual labo~r, includint transportation for
diffc:'t:nl i<inCtS of ~oil c:nu for diflcr""nl !Lads .:nd lift:>.

(iil) 1xcavation by m£nual labour and tr,~sportation by rubber tyre w~gon

for COl1l:'\00 soil c:..nd i1~.rd cltl.j-' .::.nd for oiffcr'.:'(ll leu.ds.

(iv) l:".x:cav<'.tion of' common soil C).."ld h:...rd clay by uanual I_bour ~nd

tr~sportctt1or. by n~rrow C~U&C truck for different l~&ds.

(v) Lxcavation by u~ual ~bour ~nd tr~nsportation by narrow gauge
tI~ck anL~~l-driven for diftcr~nt l~~u:.

(vi) hXcavation by ~nual l~bour and tr~n:poration by narrow Cauge
truck locomotive driven for di;rer~nt l~dds both for com.1On
soil ~nd zr~vel ~arth.

J:,ver~ee output per hour ef tile following nachint.:s h"3 al:;o been given:

(i) Bulldoz;r capacitl 15 ton:; for le~ds 10 to 60 metres.

(ii) Scraper capacity a cubic ~ards for leads 100 u to 600 m.

(111) Power shovel c~p~city 3/4 cubic y&ra both for ~a5y work a~d
hard \·fork.

From th~ above ~r<l.phs 1, 2, 3 ~nt.i. 4 hi.ive bl.:(m drc.."m. (for detz.iled

calcul;.t1ons of a ff:W' tyPical C~3~S SEa ..ppendl.x).

GrJph 1 - SijoUS anit. co~t p<.:r cUbic ';lelr.: fer c.:c"v<"-.tion :_nd loading

for diffE::rent. lo~ding hei~hls by I:;an'.l.:d l<;.~our (Co,TJIlOn ::lail ,-nd i'~rd cl~y) .:md

power shovel (easy \'lark ..nd Hard Hork).

Graph 2 - Sho\'!s t:nit co~t f..:r cubic :n\:tre for L.£!ds zero to 2,)() r.l. for:

(i)

(ii)

(iii)

(iv)

(v)

(vi)

( vii)

:·~ual labour

U$ing ruLbr.r ljON \:aGon

Narro~ g~uCe truck C3nu~lly operated

NarroH gauze truck an~l driv~n

3-Wheel ~uto~oblle

Eulldozer

Scr.:::per

/Cr"ph 3
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Graph :3 - Shows una co::;1., ;:n- cubic u.:trc fQr l~::ds !00 to ~,O')O rr'. 1';,)r:

(i) N.:::.rro\l j:'k;:e tn:ck m.:.nui'llly operLtcd

(ii) U.:tri~Olll g'::"U~;0 tr.lek ~nLlal driver.

(iii) jhrro~-f gc.Ui~e tI'"JCK locoi.lotivc driven

(iv) Scr~p~r 3 cubic y~rds

(v) Hotor scr<~pcr 11 cubic yE-I'd::;

(vi) PO\1(;r ~novel t:nd du.:::p truc:<..

Graoh L - 3ho:-,s output pt:r hour p0f d:..u1 in cubic tll::;t:-: for leads zero

to 200 ffi, in c~ze of:

(i)

( 'i)

(iii)

(iv)

( v)

( vi)

(vii)

i'iam"<..l labour (for lead:; jJ to 90 m Dr,ly)

Lisin~ ru.bber l~Tt: "".:.gon (fOl:' l(;u.QS 10 to ')() n)

Bulldozer (lccd3 10 to u) m)

3-whe~1 automobilo (l(;!"d.s 50 to 200 m)

5crap~r 8 cubic yard (l~ads 100 to 200 rn)

N<?rrOH gcu;e trucK b..'lL.,,,,,l driv~n (leads 100 to 200 rn)

r;:.:.trQlI! £3.ugc tl"'lick manu<111,y opcrJ.toed (leads 100 to 200 rn).

T~lese i.:;raphs :3how the' unit. {'.:..tes of dii'fer~nt types of E:J.rth\lork to

.serve 'J.$ ~ ~Uil~C lo r.elcct thl.: mo::.t (.!conorr.ic~l unit to suit the fN.rticular

condilions.

Some .sut~c:;;tions h~ve be(;il offered to incre£ls(: tht: efficiE:ncy and

reduce the unit co!:t of :113.nu::'.l earthwork. These Core:

(1) to u:;:c ri~ht type or ilh~lE;rncnl~ both· ~or excovc.lion ~nd

loe-ding

(ii) to s·:.lcct borro\" pits ~::; close to the sit~ 01' work as
po:;;:;iblc

(iii) to ::.ah tn(; ur"'I:~rd grc.dient <!.s :;;,,211 uS po:;sibh;, c;,nu
....·:lcre possblc \'fork Ol~ tl'.~ do\'m\::.rd grr.di(::1t \'JII(:11 lot.ded.
In c~se of-level, th~ output will be 48 - 50 per cent
bi:;£::cr !..1!':.l1 in tht: caSE; 0.: 1/'2.0 upw<l.rd gradi(;nt with rubber
tyrl: •........ ,:cns

(iv) In crder to 10<1.1 as quiCKly '::'5 po;:,sitle, to ~;:t:c!J excavation
,jer:tt~ and lO<.l.d~ height down to a I;;inir.lur.:

(v) to I:':":{(: use of miiTi~ls for tran:::port<i.tion, ~~h~re possible

I(vi) to select
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(vi)
rt.:.>i.jt.dlce

(vii) to rf~~ce the ti~e of the co~tlete cycle of exc~vation, loading,
tr<:.n~pOl·t<::.tion r:tc. i;tS far ".~ po:::sil.ll.: .

(viii) to ors.:.nize tne work properly, ::':0 u,... t ir11e tillle
the ninir:,ur:,.

is reduced to

The lIact.lvity r ...tio ll , \":hich is tt1.:l ratio oi pro~uctive tine to

t.otal working ti."':".c, should be as h:.gil as possible.

~llowing for Line for lunc~ a~d r~stJ it should be po~~ible to

iJr.prove upen t:le time s;.ent on the co.i:pl~te C:lcle o~· eartr,l'lork for lfthich it

would be nece~~ry to:

(a) inve~ti.sate the CC1\..ses of idle .....ark ar,d devise t·tays to
elil:linate ti".em

(b) ensure that the c.:::.pacity of labourers c.nd equipment are b<..lance:d
(Capacity of tran~~orti.n3 el;.uip.!:.ent stlOuld match tiLe l.:.bour
engaeed on exc~v&lion)

(c) ensure geod working speed

(d) r~~ove all bottlenecks, like 510pes which arc too steepJ or
inadequate puths fo~ transport~tion.

L~bour welf,re facilities cc~bined wltn ~age incentive and bonu~'

:;yst€.-:iS ph] an inport.&.nt pc.:'t in the c:.ailJ" outr;UL of l.r..bour•. l'llprOVerlcnts

in ho"~sing cendition::;, drim<ins uatcr, ~Qn.Ltation arrangerr,enls, rnedJ.cal and

recreatwn fa.cilities bO a lorl~ Hay to cl,t::.tinu con1ition~ conducive to

inc r€c.sed outs:-ut.

",iter c. disc"J$~lOn of U;nltz.lion::; 0.1.' 1;'i::J\u,d l ...bour and unit. cost

for vario'.J,.:; I,iO~es of earth1f,'or~, di;.·lcrc~lt COl':'l.titlc:.lion~ of r,tG.tlu..l le-bour <:.nO

nachines are eJG.-nined with :l ViE;\Ji to f.lnc.i1H; oat. lfll: :.lost econQ.,icc.r.l and

efficiEnt arranS~tents under different co~dition5. C~nditions ~~lich are

suited to earth\'l"ork b~; nanus.l If:bour {mu machinGs h.lV~ been ~ivcn in det<=.iL

Difierent types of ct1(,lbinz.tion:> .:.re Jescrib~d b1Vinj particula.r conaition~

under which each type of comb1.l1utibn would b~ t.iuitable.

/froo eraphs 1,
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rr01.l cr.::..;:r.s 1, :2 c.:nd J it. J.~~ C.~l,."r' that:

(i) For excavation r.nd lo~dinG COi.:rnon soil, the use oi rn.::.riu~:l l.J.oour
for loc..Qin~ tu h~l.ei:t of le:;~ th.::.n onE metre .mc ihc.l 01' po;.iC;r
snovels for lo:.dinl: hC':-f:ht J.f1 e~:ce.:,;; of one r.etcc woulci::J,..e:.mo:i.t
econor.d.cul ...-

(H) For Cl. lC<id of 10 to 60 r..etre~ (Grar-h 2), tIlE; :no~t E:conomical
mce:.!1::i i:; ~l..llo.oz<:rj tr:(:rcai"ier <.. rut-bel' t;yrE' ~1£.L0n

(iii) ro~ a l~a~ ot 50 to ~~J ~etr~~ (G~nph 2), c. 5cr~yer will be m05t
econo::llcal

(iv) for ~ l~ad of 100 to 600 m~tcr;~ (Cr~~h 3), ~ scr3per (crawler
tr<lctor-j::-lvcn) and ::-.(;'t.0T scr<"fer J.rE. J:lost econojaical lor leads
of le~s tn~~ 300 netrcs ar.~ 700 ~~tr;s r~spcctivell. for leads
of ~or':: t!,C.I~ l.;j() i,:.'l·j 80,,) .:l,~~rE:S r'e.:..pectivelj", po...·er-shovels with
dur.;p tr'J.cks c:.nd n..... _·OH CauZe trJ,,;cks, loco::l.otive-driver., will be
more Eocono!TJcal, ~rCsvided the lI~.ber of du.-::p truCKS natches the
cai-'<-cit:; ot' t.~c PO~lE;!"-shovel.

These arc only ~ f~i ;eneral illu~trutions. In ~ctual pructice,

hOYfcver, it ~ouhi b.:: nece::sszry to calcuhte. tile ~nit cost under tilc conditions

prevailinG in th\:! cc.rticul. r countri ';';'ld then decldc on tht:: :r.ost suitor,le and

economiCal combination. It i: ~lso evirient ~~at continuity of construction

t,y c;1rth~....... in? ,n<lchin:r,Y is e:;S(.lltial to ...chicvc economic;;,l 1"c:l.t.cs, Slnce the

unit r.:.tes of (;<.rt:I~;ork r .ASed on tile total t...xpenditure dec1:l.ne pro(;rc~sively

as the cu.rthmovin6 c.~uiprnc(lt is utilized for long..::r period of its life.
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Calculatin; only for cor,..,on soil

(1) HorkinR' rate (Manpo..:(;;r required per day per r.?)

Working hours are 7 hours per day and from Tablc 6 worKing rate is

as follows:

~Loading height
m

Kind of soil

o 0.) 0.6 1.2 1.8 2.1

Common soil 0.10 0.102 0.104 0.108 0.114 0.126 0.148 0.204

(2) Output. per hour pCi' mall

;"5 Horkin6 rate is 0.10 for

10 cubic r.,clrez pE;~' day (7 hours).
10
(" R 1.43. Calcula~ing simIlar!!

per Itan is:

loading h0ight zero, so a man works (output)

'1'hc::reforE:l) OUtput. per hour per man is

for o~her lO<:i.oing heights output. per hour

Ou Lnu t. (.e:- hour per men in J for loa-dina heightm
Kind of soil

i 0 0.) 0.6 O.S 1.2 1.5 1.8 2.1
I
•CCfrl.r.:O:1 soil '1.4) 1.1,0 1.]7 1.32 1.25 1.1) 0.97 0.70

0) Unit cost

J\sz~:li.ng labour "'<...£;(; j.ler 0':';' i~ 400 in y,·o ....nd ad!r.inislrJ.tion expenses

ar'ea 20 per ~ent of the unit cost. ~Jor:dnG ro:.t.e iz 0.10 for lOi-dintJ neir)n, z.ero,

which will cost ~O yen per CUbic ~ctr~ (400 x 0.1 ~ 40), and ad~inistration

expEnses J.re 20 per cent of anit co::;t. 1'nc['(;fo['t: uHit co~t for lo",dlng

r,cit:ht zero is 40 x O~:J =' 50 yen.

S.i..r.J.l<.:.rly wc can calculatl,l unit. cost. for diff""rent lO.:lding helgl1ts.

IKind of zoil
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Kind of soil I Unit cost pCI' m} for loading hcii?ht

I 0 0.3 0.6 0.9 1.2 1.5 1.8 2.1 ",
Corr.llon soil 150 51 52 54 57 63 74 101 yen

As the dcpnciation of lr.'iple..-::.ents will be ::ni1J.ll, it will be look(;d

after by the: ~d~Jnistr~tion ~A;~ISe$.

The a~ove i~ illustr~t(;d in Gr~ph 1.

Cafucity of Pc~~r-~hovel is 3/4 cubic yard and ass~inb working hours

per day are f.J ilour:;.

(1) Output O~r hour r,er man

l'h<.t Ct ..... er""e:;c output.. per- hour over .. long pt:riod is biven beIoiot:!!

Kind of t..ork

For c;,;.:y '''ork

For h~rd \-lork

60

40

.lSSur.J.ine 4. w>o workt.'Q cn a shovc,l includin6 Hil::!ch<::.nic::3, output pCI'

hour p0r ~~ will be as follow~:

~ind 01 work OutPUt per hour p~r ~n mJ/hr/man

For c:.!sy ~Jork 15

For tlard work 10

(2) Unit cost

Tot~l (;xp~n$G.: r'o;;r hour will ccn31st oi'. operation, rt~pa~rs)

depreciation, tI·i...!1:i,)ort~lion and ad:rJ.nistratl VI.: l;;,X>ensE;~.

11 See Tuble 14.
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{a} uP£r<.:.tlor. .:.:;.:;:~n~cs "'~l' .,Qur

Hems ~ount plO:r hour Unit pricl;. ho"?'.Oun t

Gasoline 0.01 litre 40 4

Dies€::l oil 9 " 20 180

i:obile oil D.3 " 1;0 45

G~ar oil 0.15 " 150 23

Grease 0.15 kg 130 20

\'Ja:;tl; cotton 0.04 kg 50 2

Operator 0.2 m~n 800 160

ASzistant 0.2 man 500 100

Total 534 in ;yen

(b) ~pcnscs on ~coair5 per hour

,,::;swrrine ccono:nic<:.l life of pO'f/er-shovel as 10,000 working hours, total

expense on r(;p<>irs during economical lii't.l will b~ 1.5 tim~s the purcJlD.se pric~.

Purcha::;e pric~ is 8.2 !!dllion yt':l. So thc:..l av,;;raeu expenses on repairs per

hour will be ~s follow~:

Exj:.en;e5 on· repa.irs p,"T hour

(c) Deprec~ation c~:nscs per hour

=
3,200,000 x

10,000
1.5 = 1,:00 yen.

~ssurr.in~ residual value is 10 p~r cent of purcna~e price, depreciation

(:xpen~()s per hour ...rill bt: (J..S 10110\'15:

= 8,200,000 y. (1-0.1)
1U, DuO '" 738 yen.

(ct) Transport.atiorl and ud.:::ini::;tr<.tion (;X.J(:n~;",~ per hour

BroCidly s~~' akine tr.:;.n5po('t~.tion c;xpcns(:3 e.rv.1 ad.;ninistration eXJ,;enses

ar~ e per c~nt end 20 ~~r cent resp~ctiv~ly of tot~l 'xpen3us.

(e) Total CXi)cnscs p'.r hour

J,5 the' €xpensE:~ for operation, repairs, .:;,nd dt:preciation cc:~.e to 72

per co;nt, total t'X;)(ilSlJS r,o::r hour will be U3 follows:

Total ~ens~s p~r ho~r ~ o.~~ (534 T 1,230 + 738) = 3,475
/(f)

yen

Unit cost
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(f) Unit co,t

Frolll the total exp.::ns-.;s per hour and output per hour, t.he unit co:::;t

Hill be: a::> follo'.l~:

Kind of ·...ark Total expcn::c5. wtPUj per bour Unit costJer J
p'.:r hour Cl Inr Yen/.

E.J.::;y work J,Vl5 !fJ 58

Hard work J,475 40 87

The abov~ results ar~ ~lso ill~strut€d in Graph i.

Let us calculc.tc. for COlr1l:l0n soil, ':'SSur.l.i..n,& lo.:dlng hl;;ight 0.6 n .:.nd

lin 3 m.

Workin~ hours urc 7 hours ~cr d~y. From Tables 6 and 7 ~or~ing rate

is as follows:

For For trcnsportation I.or ~cav~tion ~d tr~nsportution

t<ind of 50il CXCilvdtion Lead t1

30 60 90 30 60 90

COlIlr.lon soil 0.104 J.154 0.209 .. '0.264 ·0.258 O.JJ.:J ... 0.368

(2) vutput ',€r hO:.lr pGI' r.l<:.n

h5 W":Irkin~ r:.~(; is 0.25,] for !l;;.:.d 30 C, SO.:'. l"'I.:!.n co!n ~ccom.,::lish

(O\.it!'ut p..:.r :"1;0 per d.:l.Y) 0 ~5B- = 3.87 cubic fJ.etI·l pc.r cl.:l.y (7 hours).
.0(. • J.87 .

T.:l..:refor:: O'Jtput plr hour p",r m.:n).s 7 = 0.55 cubl.C :r,l:t.re. In tht. ::;:.m.,::

"lay output. pl.r hour pCI' J'J,?n for differ...n\.. h<:!ds is ~5 folloloj's:

Lead r.l.

Kind of ::>oil

Comon 50i1

30

0.55

!fJ

0.46

90

0.39

Thesc rcst:.lt~ hiiV(; hei.n shOllo.n in Graph 4. 10) Un;' cozt
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(J) UT.it cost

"SSlL1Wl:j labour W'il;C is ~CO 1n yt>1l i:.nc ...d:I\L:listro:.tiorl EXpl..:n5li:.S olrc

20 p<.r C~:1i 01' ~nit cost. .:: \-/~r.~inG Lt~ i.: J.258 fo~~ h.au )() l:l, ~o .:.:pcnsc

for l.:uourcr is 400 x 0.258 ,., 103.2 in yen p:.r Cl.ibic :::~trC, ~·.nj t.d."inistntion

~xp(;,n::;(:s .:~r.;; 20 t:f;r c€nt of '..:nit cost.. 'l'hl:l'd'Ol'(:; uniL co:>t for lC:d.! 30 !:l

i~ 0:8 x 103.2 "" 1)0 ill yen. Sir..ilz.rly, He can c<:.lcul<i:C knit cost for

different le~ds. The r~sult is GS Lollows:

Kind of soil

Common soil

JO

lJO

60

156

90

184

As the cxp~nses of impl<.mcnts \~ll be smull, thv5t: ~y be asswn~d to

be covt;nd by ,-d..ninistration I;;xpcnses.

The above result~ h.:.ve b·~(;r:. iUust.r.:..t. ...d in Gr,,:.ph 2.

D. En...1ii:.O,J: Er EU~ZEH.

Capacity of Bulld0~~r is 15 tons (0-7 clQ~s) nna ~5$U.nln~ working

hours fer day as 6 hour5.

Tal<in~ "v... l"<..~e O'.1tP.'Jt Pl;;1~ ho'...:r over' ,~ lon~ p,.rioti with 4 il'.l-fl wordllf.

for a Bulldoz(.r includin.:, .r.<ichanic, out\-ut p... r hO'.lr p ....r r.~n will be; <:os follows:

- Lc<:.d .

10

20

30 .

40

50

IiJ -.. - ...

144

75
55

43
JJ
27.5.

wt.put ~~r. no14r.pl.r J.~

rnJ/hr/r=

J6

18.8

13.8

10.8

~.J

6.9

'i'h~:.;c rc:rults .:..n siloiom l'n G . 4r:~pil •

1/ Fro~ T...ble 1::.

/(2) ~nit cost
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(2) Unit cost

Total exptnses p~r hour will consist of opQration, r~p~~rs, depreciation,

tr~sport<:.tion·and 3.dJ";'\':"nictrution ex.- t.:ns..:s.

(a) Oncr.::.tion eX1~(:n::;es ocr hour

Op<;;r:.ltion Gx~cnsc:> pc:r hour wJll be f.$ follNis:

It<;ms h.':lQunt per hour Unit price li.ffiount

Gasoline 0.2 litre 40 8

Diesel oil 12 " 20 240

Hobile oil 0.4 " 150 60

Gear oil 0.3 " 150 45

Greas~ 0.2 kg DO 26
..
'~i<i.ste cotton 0.04 kg 50 2

Opt:rator 0.2 r:\J.n 800 160

.\5sistant 0.2 m~.n 500 100

Total 641 in }'lOn

(b) Exocnses on repairs per hour

hS5~':ling economical life of bulldoz~r is 10,000 working hourc, total

c.xpcn.3cs on npair's during cc·onon,ice:.l life will be 1.9 tir.:.~·s thc'purch<::ose price.

Furcha:;c price is 7.' r:illicn :{~r.:

So, averas~ ~zpcns~s on r~~irs per hour will be as follows:

EA~cnses on r~~air5 p~r hour '"
7.500.000 x 1.9

10,000 '" 1,420 yen.

(c) Deprcc~at.ion e?C[?€:nsc.:s per hour

hsst:r:'ling rl;:sidual vdue-- is 10 per cent of the pu rC:l"lse price,

depreciation expenses pc.:r hour will bE>:

DeprCcl~tion eXFl;:nses p~r hour = 7.500.000 x (1-0.1) =
10,000 675 yen.

I(d). Transportation
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Tr.:.n:::portation E.XPE.r.st:~ :::.nd <1oninua.r.ltiv~ ,=.\Po.:JIS~5 arc.: rou~hl.jr

S p..:r cent .1nd 20 ;:.Er c(;nt rt.';;Fi';::tiifd:r of lot,;;"l exp;.;nsl.:='.

(e) Tot~l ~XDC~3~S =~r hour

,,:; tne u?;n::..::s for op<;:roltio;l, r€.J- ....lrs ..md d(:;pr,c~_~tion rt:prt.s~nt

72 ,er c£..nt of thE; tOl<:.l, cotlil t:xp... ~-;,::;ee p.:.r hour .... ill I.:l~:

Total expetls~s pt.I' hOl.:r '" o'\/64h1420+675) = J,~OO Y<:.o.

(r) Unit cost

Fron the total expenses pCI' hour und output per hour, the unit cost

will be ~s follows:

Lc:~d

rn

10

20

30
40

50

60

Output pt.I' hour
m3/hr

l.44

75

55

43
J3
27.5

Uqit cost
1on/rrJ

26,4Y
51
69
8B

155
138

These results hdve been illustr~ted in grGph 2•.

Capacity of .1 scraper is C cUbic lard3, (15 ton tractor driven) and
ass~ing working hours per day a~ 6 hours.

(1) OutJ}ul per hour pu J:I.:l.n

hVer~g~ output p~r hour ov~r a long period with 4 m~n working for a

.!>craper inclUding r.techc:.nics, output per l"•..:ur p:.rll'.W1 will be as follo\-Is:

/T.ble
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Lead Output EH:r ho;Y 0utpc.t pt.r hour p<.:r m.:m
m m;!hr ri3/hr/rnz.n

100 64 16
200 43 10.8
300 31 7.8
400 2) 5.75
500 19.2 4.80
600 17 4.25

Scc graph 4.

(2) Unit CDot

. Tot.al expenses p£.r hour HUl consist of operation, depreciation,

repairs, tr.::.nsportat ion and administration cxp'mzcs.

(e.) Operation c.."'PE:-nS6S per hour

Opcr[\tion cJC;lenscs per hO'.lr will be as fol10l'ls:

Items Amount per hour Unit pricE: Mlounl

GCl.soline 0.2 litre 40 80

Di~sel oil 14 " 20 280

i:'oc: 1 -:: oil 0.5 " 150 75

Gear oil 0.4 " 150 60

Grease 0.3 kg DO 39

\lu:.te cotton 0.06 Iq; 50 )

OpE::r:.:.tor 0.2 man 800 160

AS:3islant 0.2 mO:11 500 100

'J.'ot[ll 797 in yen

/(b) iAncnses on

11 From t,blc 13.
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(b) ·:X'Pen~c5 on repairr, eel' hcur

i.5Swllr..g ecol:o:-:ical life of ;.:. s:::-~pe:- is lC,000 -.·/ori:inG hours, tol2.1

expenses on re~irs durine econo=:icc::.l life ~·_re 1.2 times the purclJ... se price.

~~rchase pric~ is 3,~~O,OOO in J~n for ~ ~cra~er

Average ex;cn~e for rep~r~ pGr ~c~r ~~ll Le:

i~epairs per hour for scrayer =;
],O~,OUO " 1.2 -360 in ye:1

10, "
Repairs per hour for tract.or = 1.4201' ~n yen

Totill cxpen::;es on repairs pc!" hour'" 360...illO • 1780 in ,.en

(c) Depreciation excenses per hour

Assuming resid1J.al value is 10 per ce~lt of the purchu.se price.

Purchase price of tractor and scrape:-r is '1,500,000+3,000,000 = 10,500,000

in yen, and depreciation expenses per hour will be:

O . i • "10,500,000 x (1 - 0.1) 945eprec::.at on expenses pt>. ;lour 10,000 - in yen

(d) Tr~nscort£tion and ad:d~i3tration ey.Fens~s per hour

Transportation and acir.'.i:1istr<..tion (;)~r.:cr.:.;es r.:o..}''" be tn.n:en as € per cent

and 20 per c~nt resp~ctively of tot~l expen~c~.

(e) Total expenses per hour

yen.

oepreciation correspond to

hour ""ill be:

and

per

1
per hour; 0.12 (797+1730·945) • 4892 in

expenSes on operation, r~~airs

total expcn~Qs, tol.:.. l expensc'"s

Total expemses

As the

72 per cent ~f

(f) Unit cost

From the total expenses per hour of 4392 yen and output per hour
" bo th"t J .g~ven a vc, e un1 cost per m is as follows:

/Lcud

11 ~ section 0 2(b) of i'ippe:ndix



kad

100

200

300

400

500

600

UUtpuLper flour
r:?Ihr

64
43
31
22

17

ilc,l.ll/,,,,D/Conf .3/L.l
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Unit cost
7'0/.,)

77
ll4

153

223

255
263

Thcs~ rCS"lllts have be.:-n illu;,trc::.ted on C:-apJ.s 2 a:ld .3

F. E:i..itTH':'iORK BY :i,_ill,.L L...BOUI1 .-110 T!l..,.J~5FOrl.i.ill BY 1\'._-ti='".Q./ G",UGE TRuCK
LOCOMOl'IV;; D~lVcll

Considering only for cow~on soil.

(1) Working l'at.e (Hanpo\"er emu Llat.eria!s rec.uire::d ptlr 100 mJ)

With working hours of 7 hours ;::Jer day, frol!\. table 11 Horking rate is

an follows:

Lead Output per Working rate per 100 m3
day (7 hours) A35is_ 1Gaso-!Mobile Grease Gear oil,03 L1.bourer Operator tant line I oilm

litrelitre litre kg

500 210 21 0.5 0.5 26 0.6 0.11 2

700 i':9 22 0.5 0.5 29 0.7 0.13 2.3

1000 157 23 0.6 0.6 32 0.8 0.14 2.6

1500 136 24 0.7 0.7 37 0.9 0.15 2.8

2000 126 26 0.8 0.3 48 1.1 0.17 3.0, ,

(2) O~tQut oer hour per man

hS working rate is 21 labourers, 0.5 oper~tor ~nd 0.5 asnistant for a

lead of 500~, 22 wor~crs will p~oduce 100 cubic oclres p~~ day (7 hours).

Tht.rcfor/,;, output per hour per ;:te.n is l~ x $. 0.65 r:t
3, si.:1ilarly, for

ot.her leads:
ITable
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500

700

1000

1500

2000

22

23

24 . .2

25.4

27.6

(3) unit cost

I....... o.L 'J..' 1.. \.--
",;)/hr/r.1.n

0.65
0.62

0.59
0.56

0.52

...~ ,

m

(a) Excavation cnd tr<::n5port'::lion L:XT!C:l5CS

With known war;es and unit price of IM,tE:::rials, cxcavution and

tran~portaiion expens~5, c~n be workL:d out from th~ workina r~te as follows:

i"jagc and unit price

l~z.nual labour 400 in yen

Cpcr.::..tor 800 "
1.5sistanl 500 "
Gasoline "40 " pcr lit.N

:.jobile oil 150 " per litl:~

Grease 130 " per k;,,;

Gear oil 50 " per litJ:.e

Lead 1-__-r..".:Ex::c:::a::v:::ac::t::1:::on~a::n:::d:....:t::r"~·n"s:tpo:;:.rt:::3::t:.:1~o~nc..:r.xp~e::r.~"~'::~S_,~·o::r~I:::00~m~3..-:in:::",.!.1'::er.!'1'
Labour' Opera J\ssis-l Ga~o-I t;obile: Gre<J.s~LGcar I Total Yen/r}

tor ti?o.nt lint:: jail' -r oil'

500

700

1000

1500

2000 I,,

8400

8800

9200

9600

10400

400 250 104: 90 T 14 ! IOV I
400 250 116! 105 i 17 I 115

~~ ~: ~: I ~~ ~ : ~~
640 400 192 I 165 22 150

I

9358

9803

10376

10953
11969

94

98

104
no
120

/(b) t..'xpcns(::s on



./CN.ll/"«D/Conf.3/L.1
P-tr;r, 57

(b) Bxpcns~s on r~r-airs

(i) Loccr.otivE.

;.:;:::·uninc l;tconor:iccl lif,: 01 lOCOilOliv-.:" (7 tand is 9,<XX> working

ho~r:::;, end total eX1)(;:'IJt:S ori !'~!:""ir..; ;1\.::-in6 t:conomical liJ.~C: is !.U tines the

purch~sc p~icc: :•.''1\..0 purcb..:.':..; ie 2.5 r.illi:n j·C:"!.

1'(;1' hour = 2.5uJ.O:X> x 1.8 ,. 500

9,000

£~pcnscs on rCFairs
Ycn/mJ

Output3per hour
m /hrm

~~ can eel o~tput ~~r hc~r iron th~ t~bl~ of working rate. for

inst2.llCe, in cacl;. of l·....d 500 r.I O\: ...r;ut per d<:.:r is 210 mJ , S'J ()utput per hour is
210 3 1
~ .. 30 r.:. F.xr.;n!';cs 'In r"p;:1rJ I'r.r r:.... th:.r~~for.,: ll.:-e 5CO/Ji> .. 16.7 in yen,
sfmil~rlY calculati~ for diffcrcrt lcads:, __

Lead

500
700

1000

1500

2000

30

27

22.5

19.4

18

16.7
18.5

22.2

22.8

27.8

(ii) Truck, r~il and zleeper

l'~ilint· nonce expenst,'$ of t.ruck r:.d.Y b;,:, taken as :':,000 in y(:n per yc~r

per truck i:nj for r:.:.il Nitr. s!ec-per <..s 3 per cent of purchas~ price per year,

with number of trucks as 20, &ld work~~ for 220 days in u year.

Total cxp(;n~6S for repair:;;. of trucks Hill be; 3000 x 20 ::: 60,000 in

yen per year. R~il is 12 kg pCI' net re und purchG5~ p:ice i5 65,000 in yen per

ton. " ...~ht of rail and steel dC:t:p",r, etc. \.,111 be c.::llculat~a as i'ollo\'is:

For a lead of 500 ~ r~il length is 500 x 4 ::: 2,000 m (double track).

i\-~i.!ht of rail is 24 tons ;:md slc(.per dc. shoul::!. \1;igh 10 p:..r cent of ""eight of

rt:il:). ,r. i"ht of rail and ::i1eep.:!r tc·gcth... r will b\1 26.4 ton5 .:".nc! -it::;

cost will be 2.244 c1l1ion yen. So e.xpe:lse3 on repairs \iill be 2,244,000 x

0.03 ~ 67,320 in yen. This r~y be taken ~s 70,000 in yen, calculating

s~ilarly for other l,ads. lIable
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Lco.d i:.:-v<..G::;c:; 0:1 :J.ai1~~(;!1::..ncc- per y(;:~I'

m Truck Hail ~~d 31~~p~r5 Tot~~l .:'n .'.'1

500 60, ->:l0 70,000 130,00)

700 60,000 90,000 150,000

1,000 60,000 140,000 200,000

1.500 60,000 200,000 2(,0,000

2,000 60,000 270,000 330,000

Output per yeur is culculat~d fror:l. output per d. ...y and nwr.bcr of working

days (220 days), so filaintenance exp€ns{;s pt:r 1;'\3 will be i"'5 fo11O\'1o:

Lead Output per du.y OutputJcr year
Total r..::pairo liepair

ID rnJ c::xpf::n::;cs expenses
in ::en ycn/rrJ

500 210 46,200 .IJo,ooo 2.8
700 189 41,580 150,000 3.6

1,000 157 34,540 200,000 5.8
1,500 .IJ6 29,920 260,000 8.7
2,000 126 27,1'2.0 330,000 11.9

Exp~nses on re~airs per r.t
3 lor loco:.~otivc, L~JCV.S ~d rail together

will be as follows:

Lead ExP.:.:n~C5 on rcoal!'::;
LoCoHotive Truck, Tuil una s <.:eper Tot&.l

m yen/"J ~'\:m/I':lJ )·.n/;3

500 16.7 2.8 19.5
700 18.5 3.6 22.1

1,000 22.2 5.8 28;0
.1,500 25.8 8.7 34.5
2,000 27.8 11.9 29.7

I(c) Depreciation
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(c) Depreciation cxnun~~s

(1) LOCor.lotive

hsswning rt;:3idual v~,lu0 ,~s 10 p(;;!' ccnt of purchase pciciJ, purchu:Je

}:'rice as 2~5 oillicn inym.::.nd cconof.lical lif;.: ns 9,000 hours, depreciation

expensos per hour will be:

Depreciation 0X;1(,:JlSeS y:r he"r ",~500!~~~ (l-O.I). = 250 in :rt::l.

Depreciation cxpem;~s Ft.r r.l3 for differ"nl ·2ea.ds- \dll be;:

Lead
m

500

700

1,000

1,500

2,000

Oulput1per hour
rn-/hr

30

27

22.5

19.4

18

(ii) Truck and rail

Dcpreciatio~ per m3
--,n/M3. ~" ,.,

8.31"

9.3
11.1

12.9

13.9

~o'ith purchase price of a trucJ< as 130,000 in yen and :lumber of

tr~cks as 20, and double tr~c~, purchase pric~ of tr~ck3 will be 130,000 x 20 =.
2". I) r::.Wi::'ln. in :reD <lIld purchn:;e pricE: of rail etc. wJ.ll be as alre3.dy calculated

under repair ciw.rges.

nSSu.""';'"Ig this purcl.ase price depreciates over 250,000 cubic i;letres (life

8 to 10 y~ar5) deprEciation expense~ per cubic metre will be:

Lead

m

500

700

1,000

1,500

2,000

'irucks

2,600,000

2,600,000

2,600,000

2,600,000

2,600,000

Purchase price in yen"

rtaH {.: Sleepers

2, 244, I)()O

3,149,000

4,490,000

6,730,000

8,980,000

!ot~l

4,844,000

5,749,000

7,090,000

9,330,000

ll,5cO,JOO

Depreciation
expenses
yC:l/r.l3

19.4Y
23

28.4

37.3

46.2

250 " 8 J~
30 •

4,844,000 • 19.4
250,000

/Therefore,
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'i:hcr(;l..~r ... ,

mib ~"ill be as Io110\15:

Lead

Loco~otivc Tr~c~ ~nd rt~~l Tot.al

500
700

1,000

1,500
2,000

8.3

9.3
11.1

12.9

13.9

19.4
23
28.4

37.3
46.2

27.7

32.3

39.5
50.2

60.1

(d) Transportation and administr~tion c~oenses

~ssuoing tr@1sportation expens~s ~nd a~Bini~tration ~xpcns~s are

J pcr cent and 20 per cent respectively of ~nit co~t.

(eJ Unit cozt

JiS the expt.:nses on account. of excavation, rt:pairs c.nd depreciation

correspond to 77 per cent 01 ur.it co~t, th~ unit co~t will be:

Lead hxFEn:: ... ::; per m) yen/m) Linit cost.

m (a) (b) (c) (a).(b).(c)..
ycn/r;;J

500 94 1~.5 27.7 141.2 183Y
700 98 22.1 32.3 153.4 1<;9

1,000 104 28.0 39.5 1'11. 5 222
1,500 110 34.5 50.2 191•• 7 253
2,000 120 39.7 60.1 219.8 286

These are illustrated on Gruph 3.

(a) = Excavation and tr<.nsportinr cxp.:::nsc per m3

(b) = rtepair charges per ~J

(c) '" Depreciation e:::penz~s per ClJ

!I 141.2 • 183
0.77
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