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I. Iwl.OLUCTION

The Comuission ot its tenth siscion cpproved the project - liznual
labour znd its nmore effcctive use in competition with machines for
earthwork in the LCwfE regicn - in the pregromme of work and priorities

concerning the Burszu of Flood Contrel znd wWater ltesources Development.

The importance of the project was fully recognized in the subsequent
sessions, It was therefcre decided to include this subject for discussion
at the Third itegional Technical Conference under the title "Manual labour
and its more effective use in competition with macnines for ezrtawork in the

ECiFn region',

It will be szen from the paper on "Current programmes for water
resources development", presented at tais conference, inat the countries of
the region envisage large development programmes which would involve large
quantities of earthworx costing substantial amcunt of money. karthwork by
manuzl labour has been in vogue for centuries, wWith the increase in the
size of projects, there has been a growing tendency to use machinery for
earthwork partly replacing menuel labour., Though there is plenty of manual
labour aveilable in the under-developed countries of the region, the use of
machinery may be diclLated sometimes by considerations of economy and very
often by the speed o construction which would yield early benefits and hence

guicker returns on the capital invested,

However, for various reasons, as will be discussed later, manual
labour will not lose its importance in this region for & considerable time

to couae,

hlthough earthwork by manual labour is an ancient art, little or no
progress has been made in its technique, whereas mechanized earthwork though
of comparatively recent origin has made repid strides towards improvement in
the plart and equipnent, and further irprovements in the machires are constantly

taking placc.

/Considering the
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Considerinz tihe zmount of eartnwork being cone or contemplated under
the development plans of the ccuatries in the region, it i felt tnut tne
whole question of earthwork should be carefully exarined with a view to:

(a) making more eiffective use of manuzl labour throuzn improvements
in irplements, lzoour incentives, wellfsre facilities, euc,

(b) detzrminins how far manual labour exclusively, or comblnation
of manuzl labour and zacaines, choula be zaopted.
It will be seen thst, in view of tihe large quentities of earthwork
involved, u saving of even a small percentage in the eurthwors cost of water
resources development projects will ultimately lead to substantial cavings.

It may be added that the study has been basad meinly on the data
oollected in Japan as & remult of actual observations. It would be interesting
to compore it with similar data of manpower reguired for manual earthwork
under different conuitions and those of output per hour for different leads for
machines like bulldozers, scripers, etc. derivea froum observations made in

some other countries,

/1L, ¥nCTOXS
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II. FPACTO4S WFPLCTING OUTIUT O BriiibaOfh
BY MalNUAL LaBCUx

A nugber of factors affect outnmut of earthwork by manual labour,

Some of these zre detailed below:

A NATURAL CONDITIONS

Haturazl conditions like climete and particular weatner in wnich work
is done will affvet tne output, It is well known that output in a cold
climate will te much more thin that in a warmer clinate which renders working

ey s v 1
conditions for nanual labour more dli:lcult.—/

Topography and kind of scil will clso arffeet the output. If soil is

hard output will be very ruch lowered as comparcd to digging in comaon soil.

B. PHYSICAL COWOITIONS OF LinBOUHEAS

Physical condition: play an important part in output of manucl
earthwork. The difi'erence can be as mucn as two tinss in output due to pnysical
conditions and skill alone, It is well kKnown that labour from certain areas
that are habitually used to this type of work can give much better output as
compared to an ocdinary labourer not so well versed in the art of manual

earthwork,

C. IMPLANTS UBseD

Inplesents suould be selected to sult the soil and pnysical strength
of the labourer. 'The labourer will no doubt use the type of implement he is
accustomed to, bul ils welght and size will need to be wdjusted to suit the
labourer. The instance, it may be uneconomical Lo use a small-sized scoop
for sznd or lignt 50il anu similerly to use o small-sized busket for a sirong
lzbourer. .itanu of trunsportation shoula be selected huving re_ard to Lhe

coefficicnt of [riction end to cuit the particulcr leza and 1ift invoelved,

/D, HCLsL .AD

1/ Daily output par excavation of common s0il hes been reported 150 cu ft/labourcr
in North India aguinst 75 cu ft/lavourcr in Bombey arca,
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D, SOCIAL AND COSCHIC FACTORS

Factors lixe wages cre imporiant. s well tnougnt out bonus system
will of course act zc an incentive to increase cutput., smenities like
hutting, drinking water and labour welfare fzeilities including recreation
and medical facilities hzve an important bezring on the rate of output. uven
apurt [rom advanteges of output, greater attention has to be paid to these

conditions under the laobour laws of various countries,

Ee  vOREING CONDITIONS

Fuctors like lead znd 1ift have an important bearing on the rate of
output, An executive organization with efficient supervision plays an
important part znd so does the skill of the foreman in charse of the labour
gang.

#1l the zbove factors contribute to the total output of the labourers,
end, if the a2in is to increasc the ocutput as fur as possible, it would be
advisable to give consiuerzble zttention to the labour welfare and recreation
feeilities. WMext tc the bonus systea, whizh probably acts &s the greatest
incentive, tre contentment and nappiness of the worker are the biggest
psychological factors contributing to increased output per worker,

/III. FaCTOWS LLIITING
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III. FaCTORS LIMITING Tde USE OF MalNUaL LaBOUR

Ao NATURZ OF o J(THWORK

If the soal to be cxicavated is very hard, or slusi invelving under-
water work has to be dug, menuel labour would find such work difficult, if
not impossible, znd in any cace its efficiency will be very low, Under such
conditions machines would be more suitable, hAn idea of the increase in man-
power required to cxcavate a cubic metre of earth under varying conditions of
soil, variation in loading neight and under ater excevation uay be obtained

from the tzbles given below:

(1) Variation in nature of soil

3

The increase of manpower recuired per m” for excavaticn .ol various
kinds of soil, asswming loading neight is zero, has been worked out as

follows in Japan:

Table l;/
MANPOWER REUIRED Prgd M3 FOR £XCiVATICH OF DISFEAENT KINDS OF SQIL
Nature of soil Mianpower required per i’ Hatio
{per day)

Soft soil 0.084 1.0
Comnon soil 0.100 1.19
Clay 0,126 1.5
Hard c¢lay 0.166 1.98
Dry hzrd clay 0.334 3.97

from i=ble 1, it uupears that dry herd cley requires about four

times the manpower needed for soft soil,

(2} Vvariation in loaeding necicht

The incrrase ¢f manpower reouired por m3 o1 excevalion and loading
with various louwding neights, assuming nature of soill &z co.wmon goll, has

similsrly been worked out as follows: /Table 2

;/ abstracted frem "Civil =nrineering Construction” by 5. Taniguchi, p.55
(Tokyo, Kazama Fublishing Co.)
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Table 2é/

MaNPO/or REJQUIRLED PER H3 FO1 DIFFEAENT LO~LIMG H_IGHT: FOis COiiOk SOIL

Loading height sanpower recuired (per day) Ratio

in m per no
0 0,10 1.0

0.3. 0,102 1.02

0.6 0,104 1.04

0.7 0,103 1.08

1.2 0.114 1.x4

1.5 0.126 1.26

1.8 - 0,148 1.43

2.1 Q.20L 2.04L

From Table 2, it will be seen inat, with loading height zoove one
metre, mznpower resulred per m3 incresses rapidly. In case of loading

heiznt of 2,1 metres, menpower required is double that at zerco loading height,

(3) tnderwetcer werk

The increzse ol manpower retulred per mj for under vster excavation,

assuming nature of soil is commen toil, has been worked out as follows:

Table 3%/
IhHPOWER HEQUIRED PER H3 rOnt QngﬁHhTER ACRV U TI0 FOR GOm0 SOLL
Depth of water danpower requirvd (ver day) Ratio
inn per r? ) o
0 0.12 1.0
Ol3 0.30 2.5
0.6 0449 L.

From Table 3, it will be seen thut in tie cese of underwater excavation

of 0.6 metre depth of weter ganpower required i1s about four times that at zero.
This shows how hurd underwater work it for monual labour.

etrocrod . /B. LIMITATION IN
)/ wbstracted from "Civil Engincering Conctructionsh by 5. Taniguchi.

2/ "Standard working rats! tinistry of construction in Japan p.5.
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B. LLAIT-TIOW In Lueed 1D LIFT

#ith increases in leud und 1lift, wcnpower required per cuble wetre of
earth incrcases, with A consecuent increcse in unit cost, There arc physical
linitations no douut apart froin considerations ol economy. 'The following tobles
give an ideu of the increcse ol nwnpower reguired with increuse in lead and
Lift,

(1) ianpower recuirca for various lewds

sanpower reguired for the excavation o1 one cubic netre of common soil

in level for different leuds hus been worked out as follows:
. 1
Teble &—/

HANPOWA: AEUIRLD Pt 1 “iCaVATION OF CGILIOE SUIL FOR DISRifuit LiwD3

Lead Manpower required (per day) Ratio
m per
30 0.138 1.0
60 0.193 1.4
90 0,248 ' 1.8
120 ' 0,303 2.2

(2) #anpouer reguired for verious lifts

The increase in munpower required per m3 for ancreasing lirts,
assuming that the soil is counon and that the lead is 30 m, has been worked out
as follows:

Table 52/

MANPO 24 #nULMED Pilt 1 OF CO4.ON SLOIL FOR
DIfsstlyiT LIFES (LD 30 H)

Lift . Hanpower rqué;&d (per cuy) latio
m per
0 0,138 1.0
3 0.154 1.12
b . 0.204 - 1.486

/Optimwn lead
1/ "Civil ingineerin: Construction" by S. Tanigucni, p.58.
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Cptirwn lead and 1ift nmay be tacen ws 30 n to 50 m of lead and 3 to

L5 of 1ift, end critical 1i.it oi lced should be cvout 100 11,

w5 = matter of fact, eartimork by bulldoger would be more econonical

a
ever. for thess lecds end 1iTts.

The zhove data have besn coliscted in vapen ac a resall of observations
over = lon: period in diiferent parts of the country enu mey be taien &s a

good basis fer the.purpose of thi: study.
C. TIME FACTOR

where a large amount of ewrthwork nus to be completed with & maxinum
of speed, the machine scores heavily over uanuul labour, a two=yord excaveior
with about 10 men can do & piece of work in one day which Lhe same nuuber or
men will take one month to complete by mwnual lebour. The only way ot
multiplying output of woric by menual lebour is to increuse tnc labour force,
but & large rulti-purpose project izposes its own luuitations in regard to the
size of the lubour Iorce, Jor exzmmple, too larze luoour force may present
difficult protlems of houzing, sanitation, ete., particularly in the reacte
locclities where sucn projectr are gencrally located,

The use of macunines can sorebimes cut dowm the construction schedule by
¢s much &5 cne half, so that the project will start _ivinz venefils much
earlier with 2 consequent returs on tie cepital invested, Ii, [for exauple,
additioral food productien to mcet shortages in tue country is &« celevant
consideration, the sceles nuy _ncllnc sharcly in Jcvour of the uge of muchincs.

D. CG.:PACTIOU

Experience li.s shown that compaciion by manual lubour, apert {rom

bein; slow and expensive, carznot Le as satisleetery as by mecnines. Compaction

involves ewrthwork in thin layers with optiiwm moisture to be rolled over

suificiently to ive o :zinimum nreseribud cry bulk density. The work of

rollinz &nd compaction ca: be con.iderably sinplified by the use of modern

machines, e.g. a trector pulling a tandem of sheep [oot rollers, .hero lirge
guantities of earthwork have Lo be compacted, as in the construction of a dam

or high dykes, there is no alternutive but bto use wmuchines for compaction,

/.  SPECILAL
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liention lus already been acde in passing of th. rrobtloums of huttang
ancd senitation arrangeacntz for a lavse labour force concuatrited in one pluca,
The nezd to provide greatcr wnitiivies Lo dlebour waus consiuerably to the cost

of the project,

ienuel lebour has generally to be sttrezcled by hesvy fincncial
agvances that add to overhead exponses ana labourers nzve to be provided wita
free transport o the site of work cna back. Tuls lest cifficulty can be
overcoze to somo extent by shifting the labour colony within & reasonable

distance ol the work-site,
1/
Cverhead cxpenses on manuel labour have been ev:luated as under:

1. Huttin:s charces, providing sats, bemboos, coir ropes, etc. .. 3p»
2. Depreciation and mending of tOOLlS seeseessosesssssecacossess Lo
S Troncporh ChATEES & icrsnswve Rt RSN RT SRR R e
4, Watchman charses ..................;........................ 1

5. 4Ldvances ind Tood arrangericnts seesesscsvssevecossssssrsoces B

If lighting, sanitation, water supply, mcdacal services and superior
housing are provided, the percentase may rise to sucn an eatent thet it may
becone the critical consideration in the evaluation of over-all economy.

Recrestion facilities are an adaitional item which may have to be provided.

JIV. POBLIMS

;/ Government of Inais, .linistry of Irrigstion and Power, "ieport of
Construction Plant and lachinery Conmittee!, New Delhi, 1954,
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IV. PROBLrl. CONHCERNIAG iTCAi~ilink renlHy03K
Kechianization creates itz owm proclews ewpeciclly in unuer-employed

countries whire there is plenty of ranpower and J:incrél wicer-inyployment.

Ae MCorwIZATICH Lilu Ubiwit—iu JLOTMERT

On an a erage it may be taken thet zbout 17 wen operiting & nmaciine
(2} cu yd capacity snovel) can give the . wue out-turn in ordiccry earthwork as
300 men doing manual earthwork in the same peried, idven so, on & big project
there should be zmple scope for engcging munual lubour, using machines for the
work which is beyond the capacity of hunan labour, Thus, manual lubour can
be employed on excavation oi canals waerc leads and 1lifts are not too high,
whereas for the excavetion of the dam foundalion where space is linited and
lifts are high, machines would be more uscful, Similurly, for the consiruction
of dykes involving long leads and nizh lifts, naciiincery would be more econoaical
after the inmitial stszes of tie work. On MNongal power canrd in India (part of
Bhekra-fznzal Project) work was dohe both by :iachines and manual labour., The
work involved lohz leads and hizh lifts witn ccapaction of bunks. Larthwork
involved digginy oi gravel «nd conglomeratue, Out of a toial guantity or 7.35
million cu yd of earthwork dene, 3.4 million was eartiwork of varying hardness;
another 3.4 million was srevel end 0.55 willion was conglomerate. Of this, 1.6

million gu yd was.done by machines and 5.75 million cu yd by mcnual labour.

This shows how good balance betwsen tine work done manual and by
machines can be maintained,

B. FOREIGN EXCIL.MNGE INVOLVED IN INITIAL PURCHaS~ ~HD COST OF SPaRE PARTS

Macnines are no doubt expensivc and nave fone up in price during
recent years., In spite oI taiz, it is c¢ladnca that in the United States where
machines are extensively used, the cost of ezrthwork in cents per cubic metre has
not appreciably increased during the liut LO years though the purcnasing power
of the dollar is only a fraction of whit it was
fact remains thet machines nced a

&J years ago, Still, ihe
: coed deal of initial investment in foreign
exchange which is generally in short supply in the under

-developtd countries,
Spare parts are also an expensive iten;

though normally projects should

not be reguired to carry their own Spares beyond the minimum needed for

/'first line of
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"first line of SGfEGUer”,i/ and it snould be ine recponsibility of tne firms
selling the eguipment to stock enough spare poris to sect nroject duasnds, the
average annual requirements ol spare paots are of Lhe order of 15 to 20 per cent
of the cost of tine eouipment., Tnic constitutes & consideracle drain on linited

Toreign exchange resources,

C. 1RcPAIRS AND MLV NCHA COSTS

Maintencnee of aachines pleys a very Laporuiant hart in the economic
operation of a project, cnd i@ comrlete and thorouzh systen of preveative
maintenance must be estaktlished and efficiently scintzined, Tliie normal

percentuze of "siclmess” of i:achines 135 guncrally ol the order of 25 per cent.

Usually the cconomic life of a nachine such as z bulldozer will be
about 10,000 workinz hours and total expenses on rewairs and meintenance during
this period (including cost of spare parts) cre zenerally of the order of one
to two times the purchase price of the mzcnine depending upon the machine and the
conditions under which it is worked. Tne propertion of mazlnteacnce cost will
be even higher in the case of low-priced .wenines lide frucks worxing on poor
reads., It will thus be seen how important it is to have efficlent muintenznce
facilities at project sites to prevent brexkdowun of .iaciiines and consequent hold-
up of the operations that can sometines hcve serious repercussions on the
project as a whole, 1t is therefore necessary to have a well-equipped workshop
at the project site with trained mecnanics and zdequate stocks of essential

spare parts,

D. TRAINING O7 OPERATORS ,HND :aCH/(NICS

This raises the guestion of training of operitors and mechanics.
In this region there is a snortage of trzined Lechnical personnel. Some of
the heavy carth-roving wachines 2re new to the coualries and need skillea
operators. It is necessary that the machines are hondled from the very beginning
b} trained operetors who are lamilicr with tne virious operations and can
handled them efficiently. Similarly, workshops for ~ainichance should be manned
by trained mechanics who can carry out repcirs witin speed and erficiency,
Scarcity of trained mechanics is a serious nandicap in any large-scale

meéchanization of earthwork in this region. /E.  RFFICIZNT

1/ Report of Construction Flunt and iizchinery Comaittee, 1954, Government of
India, Ministry of Irrigation and Pewer.



+/CN.11/¥aD/Coni 3/Le L
Page 14

Lo DFPICIEIT . iulisie.d "0 000D Flonidil

In mecnunized eurthiseri, expences Lol on.rators ana crew {orm about
10 to 15 per cent of tiw totul cperating cosi. The porineipal metinod to Xeep
the unit cost of earthwork low 1s cbviously to increuce the efficiency and
productivity oi' nceniues, rfor t.iz Purpotc, efficient :ane cnent 2nd sound

planuing are iaportant.

Plznt vlanning for earth-moving ewuipnent has to be cone with great
care. ‘'‘he aim should be to have a jinimum nusber of types of equiprient witn
minimum number of sizes in ezch type muking adecuate provision for "sickness"
of machines (See ¢ ubove). The temptation to over-mecnenize a project should
be resisted and efforts should bs directed towards cnsuring maxinum utilization
of the equipuent.l/ Haul rcads should be carcfully plamned for srmooth working,
and well maintained in the interest of the machines, Lastly, a realistic
fijure should be adepted for Yproductive time' factor.

Before decidinn upon the final plan, it will be necessary to work
out various alternztives in sufficient detall to study the couparative cost of

production ana other relevant features ol each plan,

» basic recuirement of efficient .ienegement and sound plenning is the
maintenance of accurate records of the actual working ol eazch mzchine., Yhese
records zre particularly important, and invelvs the aintenance of oaily
log-bocks which should chow daily workinz und ieintenance record such as tne
nurher of hours worked, output, idle hours, details ol minor and major repairs
carried out, with parts used and fuel oil znd lubricznts consumed, In addition,
log-bocks showing the essential data of each machine, major repairs carried out
with spare parts uced, the history of alterctions und cost accounting showing
capital cost, cost of alterations and mwjor repuirs, depreciation, etec. will
need to be maintained. «ll t.is calls for good organization,

/V. COMP.RISON

1/ cormittee anpointed in India recently to report on construction plant and
qul?mgnt on river valley projects recoumended that plannin; should aim at
uvilizing aboul 75 per cent the life of the capitil couipment (see Government

of India :Hnistry of Irrigation and Fower - il
A = ileport C i =
and Machinery Coadttee - 1954), port of Gonstruction Plant
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V. COuPArtISCu OF UNIL O weasniiOik
Under sintlar conditions of worx unit cost of eartiwork by menucl
labour will very with the daily wapges of the labourer, as the the daily wages
form a very hugh percentage - 50 to 70 per ceni (lover percentaze wnere
mechanical means are used for transportation) of the total cost, In order to
caleulave the unit cost it is necessary to know:

(1) working rate, wisich meuns the .sznpower aad msterial required per
cubic metre oy earthwork,

(ii) daily wages of labourer,

The working rate will vary in difrerent countries and for dilferent

working conditions.
h. VORKING RATE

Assuming net workinz hours are seven, average Lanpower required per m

will be as shown'in Tables 6 to 11,

Table 61/

LXCAVATION AND LOADING BY MiNUAL
LABOUR (L NPOWFR REQUIRED PER M° (PER DAY)

|

Kind of soil | Loading heignt in metres
0 | 03 [ 0.6 | 0.9 1.2 15,18421
&
Soft soil 0.084; 0,084 | 0.086 ) 0.09 | 0,096 0. lOéi 0.126 | 0.172
Common soil ... 0.10 | 0,102 | 0,104 10,1081 0.114 0.126’ 0.148 | 0,204
|
Clay 0.126] 0.126 10.128 10,134 | 0,140 O.IBAi 0.180 | 0.25
Hard clay 0.16¢) 0.168 | 0.172 | 0.182 0.196 | 0,222 | 0.282 ] 0,500
. !
Dry hard clay L 0.334! 0.334 {0.338 | 0,344 | 0.350 | 0.284 | 0.454 | 0,834
Crushed stone ; 0.].12r 0.112 10,114 | 0,118 | 0,124 | 0,134 U.l52i 0.200
l l
/Table 7

1/ Abstracted from "Civil ingineerin: Construction" by S. %aniguchi, p.55,
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Table ?y
EACAV.TTON BY luwiUal LaBOUZ LICLJDING TiGaisrOnrs 10
“hlPO.SR REWIRED P2 ¥ (PLR DaY)
A R ¢ ) o 1 l
Lead . L’-ft ‘ I i I d o 1 S 01X
(m) l (m) N ; . - +ord  DUry hard  Crushed
Soft soil Comzon soil Clay o1y clay stone
30 0 0.129 0.132 0.157 0.177 0.272 0.1LL
30 3 0.146 0.154 0.175 0.197 0,289 0.161
30 6 0.195 0.204 0.230 0.252 0.344 0.210

60 0 0.184 0.193 0,218 0,230 0.332 0.199

50 3 0.200 0.209 0.235 0.257 0.350 0.216

60 6 0.250 0,259 0.290 0.312 0.405 0265

90 0 0.239 0.248 0.278  0.300 0.343 04254

90 3 Ce255 0,264 0.296 0,318 0.410 0.271

S0 6 0,305 0.314 0.351 0,373 0.465 V.320
Table 8
ZXChVATION BY MaNUnL LebOU.t iU TieHSPUXTAD
BY RUBEER TIR: WaGOH (CaPACITY 4 cu ft)
P . o ManFO.EH HEULLD Pat 10 (Pukt DaY)
Kind of soil fxcavation Transportation for lead (m)

- man/m’ 10 30 50 90
Common soil | ©0.04 0.032 0,075 0.116 0.2
Hard clay 0.172 0.032 0.075 0.116 0.214

/Table 9

1/ “Civil Engineering Construction" by 5. Taniguchi, p.58
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Tablc 9y

LACLVATION BY #ihNU,L Li30Ui #ND TredSPOQ.(CeD BY
Hau!R0.i GUG. TAUCKE 2iNPOwiwt i UIR-D Pui I (PEd DaY)

nind 3Excav;t1on | Trunsporvation for lead (m) Total
of s=oil man/re '
: 100 200 30 LCO 100 200 300 L00
Common soili P Fo A 0.19 0.2 P2 0,26 0,294 0314 0.334 0.364
Hard clay | 0.172 0.3 .21  U.23  0.26 0.362 0,332 0.402 0,432
Table 105/
£2ACAV.TION BY MAUAL LeBOUR adl T doPOrl) BY
HaltitOw GalUGE THUCK AdI1iiL DaiVEN iias FOwWLn
R UIRED FPER #3 (P=R DaY)
atli f ad (n
Kind of soil Excavation Transyort don for lead (n) -
100 200 300 400 500 1000
Common soil 0.104 0.026 0,03 0,033 0.037 0.041 0,057
0.08 0,08 0,08 0.08 0,98 0.10
Hard clay 0.172 0.026 0,03 0,033 0.037 0.041 0,059~
0.10 0,10 0,10 0.10 0.10 0,12

2
Upper rank is working roie of driver with horsv,—/‘lowur rank

is

working rate oi. lzbourers rnp o ed on the work.

/lable 11

1/ "Stancard Working wate" liinistry of Construction in Jipan, p.lk.

2/ Includes effort by horse.
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Table 11/
BASAVATICN BY Mallal Li2GUt nND irwssPOnTl BY HnalOW
GKUGE TRUCK LOCOLQIIVZ DRIVAN ILLNPOWER AND
MATTRIALS REQUIAZD FER 100 1P (Pzi¢ DaY)
In the case of common soil:
Lead Output Working rate
per day o = : e e : T
n Wil = nocis- Gasoline ilobile Grease Gear-oil
oper: Lpezalor tance (litre) 0i1(1) (kg) (litre)
500 210 21 0.5 0.5 26 0.6 o011 2
700 189 22 0.5 0.5 29 0.7 0.13 2.3
1500 136 24 0.7 0.7 37 0.9 0.15 2.8
2000 126 26 0.8 0.8 48 1.1 0.17 3.0
1 = litre
In the case of gravel earth:
Lead Cutput Working rate
L perm3 ¥ Worker Operator HE515= Gesoline lobile Grezse Gear-oil
tance (1) 0i1(1) (kg) (1)
500 200 33 0.5 045 26 0.6 C.11 2
700 168 34 0.6 0.6 29 0,7 0,13 2.3
1C00 47 35 Q.7 0.7 32 0.8 0.14 2.6
1500 126 36 0.8 0.8 37 0.9 0.15 2,8
2000 116 38 0.9 0.9 L8 ) iy | 0.17 3.0

1 = litre

/B. MACHINES

1/ “stendard for Design", Ministry of Construction in Japan, p.ll4-115
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B. M.CHINLS

As a resull of actuul observotions in Japun over 2 lon period average

cutput ic estinuicd as shown in Table 12, 13 and 14.

/
Table 125

aVkGe OUTFUL FL ot HOUw POL 2 JULLIOZes (15 T0US) FPOa DIFFLaliY LoaDS

Lezd Cctrat rer hour
m mj
10 4
20 75
30 55
LO 43
50 33
60 275
Table !'zg/

AVItAGE QUTPUT Puat HOULt FOR .. 3CRAFPER (8 CU YD) FOR DIFFwudiT LeiDS

Lt::.d Output J'r.rwé-:'r' nour
100 64
200 43
300 31
. 400 23
= s 500 19.2
600 17

/Table 14

wiechanized Zartnwork Construction" by I, Saito, p.l24

Q&

"Mechanized EBartnwork Construction® by Y., Saito, p.127
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Toble lhl/
sVetnGae CUTFUT P2t AuuZ 07~ POzt SHOVLL (3/4 cu yd)

vind of work ! Cutpat rer nour
o)

rasy work 60

kard work L0

C. COMF-ATZON OF UWIT QUST G . ... 0HA

Let us compare unit cost or earthwork Ly manucl Libour ond machincs

under followin  conditions:
(2} Het working hours:

7 hours for wenu:l eartinrork
6 hours T{or nmechonized ezrthwork

(b) #ind of scil - Coowen -eil &nd nord cluy

(¢} ‘dorkinz rzte and outrut per hour

according to ~. znd U, ctove

(d) Cost to incluae 211 necessar, wXpoenses, suca <5 those for uorkers,
operatins cxrense for iendne, ropirs, depreciiiion, transsortation

angd zdininistreation. ’

(e) assuming wires :ind arices os:

“znual labour L0 in yen per wsy (U5 1.11)
Operator 230 v L { 2.22)
Asgiztant UV VR " {m 1.39)
3ulldozer 7,500,000 v for one  ( v20,833,- )
Scrap?r with Lractor 10,500,000 n L ( v29,167.- )
Power zhovel #,200,C00 © " ( m22,738.- )
Gasoline 40 per litre (» 1.1 )
Hooile oil 150 per litre ( n 5.2 )

/Deteiled caleulutions
1/ "echonized urthwork Conutruction" by Y. Saito, p.129
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-

Detailed caleulstions for o fow typlezl cases are siown in the Apponui:
znd resultc heve been illustreted in gr phs 1, 2 wnd 3.

These srophs show the unit rotes ol aifferent types of ecrtiwork to
serve as ¢ ;ulde for selecting iihe most cconomical unit to suit the particular
conditions, Some zujusiments w11l ae doubt b2 nccessary to suil actusl
conditions but the illustrztions ;iven will serve .3 & useful suide and

repr<sent average condilions,

/VI. 30ML SUGGESTLO .
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VI. $0is 5UCUisTI0Ns TO IiCaeSe THn BAFICIaNCY AND o£LLUCs
THL UNIT C08T CF ilniiU,L EenTHWOXK
This is the wost isportani preoolam in earthwork by menucl lobour. T
incresse tie erficiency means to increase tde output per lobourer, 1he outju.
has the followiny relation in zeneral:

Qutput per labourer = w.H.B

; . 3
where {§ = averaze output per hour per labourer (m”/hr)
H = cverage net working hours per auy - hrs,

B = number of working days.

he TO INCdiaSs THp FFICIENCY OF MdiUaLl b t1HWORK

As the totzl outout is .H.B, we will have to make g, H and & bigger
in order to increcase the output of minual earthwork. In other words, we have tc

increase the output per day,

(1) How to increase output per day

Output per day = .l = g.di.H

where ¢ = quantity of earthwork moved =t one time

1]

N = nuaber of transportutions per hour

This forrmla is caunged to:

)

QUL = q % x H

where L = transporting distance

A R N R T m

v = average velocity loaded

l.l‘ll.'.l......'llll'l..l.'l Wmin

vi= averase VelOCity e:'i'ipty R A R R R Kl/min

¢ = time for loading

llll.u.coooilDOODOCll!tli.l.lll.oitc nlj-n

d = time for unloading .i.i.iiiili:

...l....l..-;:;.i.l..l..'.'..'.'.' min

L)
14

time for idling

l!l..i.....0I.“Il....l.‘l'....l.'.l. n‘lj—rl

/Therefore
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Therefore, in order Lo neke (.M, bigpoer:
Make g bigger : Use of bigger size of iuplements, lozdinz as much
suenbity as jossible,
Meke L smeller : To wsikks L smiller, we hove to select borrow pits :..

close Lo Lliue work as possitle.

Heke v, v! bigger: Thiv will be govarned by tine physiczl stronztn of v .
lopourer. lake upv.rd grodient os saall o5 possiblo
whnere poscible selict propor downwerd grodient wiith

lowdcd,.

ake ¢ smoller @ In order to locd oo (uickly & possible iiiep
c.ienvation depth wnd loading neight as swucll as
possible,  Pune oul waber wien doing underwaier wors,
select rigzht L plements to suit the soil. For
exeaple, choose ler;c sizi scoop for send and lighti
soll, spnde for cloy ete.,

teke d,e smaller: Unloading should be done &5 guickly «s possible and
' unnecessary idle time should be eliminsted,

In order to accomplish the zbove:
(i) ‘Work on downward slope wnen lozded, mike upward gradient as smoll
as possible, ¥For inslance, witn rubber tire wogon, the output

will be 40-50 per cent bigger in level than in cese of 1/20 upirniri
gradient,

(ii) Use of aaimals, if' possible. In genvral o horse wnd an ox have
power & to 8 Limes bigger thun the puysical strength of & manuul
worker.,

(iii} Selcct the mode of tr..sportation with minimum resistance. This
is very importaont for Lransportatzon by minuel isbour ana aniialsn,

Table 15 shows how tne loid trunsported irerecses with reduction in

rollin; rcsistance,

10:D Tl §ioFO1 el UNDact DISFinawis CudLlrIONS

iiethod of Llransportztion ' Load tronsported per
lzbourer an kg
r
Carryinz on labourer's shoulder L0 —- 50
By gum tire wagons 120 -160
By narrow gauge trucks L00

/as for
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As for calculcztions:
(2) Cn lcbourer's cnculder:
As 2 rcsult of aciuzl observetion:

a lebourer will czrry 50 Xg an Japon
and zbout 40 kz (on= cu ft) in India

(b) ‘rensported by tire wzson, cuprcity of 4 cu ft (160 kg of exrth)
will be driven by onz labourer:

rieizht of wozon 70 kg
Lozd of carth 160 ke (4 cu ft of earth)

Totzl weight W = 230 kg

Rolling resistance coefficicat (J) may be zssumed 0.1 to 0,15 for soft
soil, so that necessary tractive force in level is W = 23 to 34.5 kg, and
necessary tractive force in 1/20 upword :;rodient is W (sin@+&cosd) = 4.4
to 45.9 kg, where € is angle ol grz=diont (2° 541),

As the limit of the tractive force for & ldbourer is neirly 45 kg,
2 labourer will be zble to transpert 4 eu ft of certn in 1/20 upwzrd gradient,

(e) Transrorted by narrew guuge truck:
A narrow guuge truck, copacicy of 0.6 m3
(assuwning 870 kg of earth) cen be pashed by two labourers,
or 400 Kz by on. labourer,
This will be clear frou:
Weight of truc« 280 kg

Load of ecrth 377 ks (0.6 ™) . '

Totel weight W = 1,150 kg
Rolling resistance coefficient (&) muy be asswaed 0.025
Necessary tractive force in level = 28,6 kg
Necessary trective force in,1/20 upward ! i
: ce i ard gradient will be about
86.25 kg which is less thaa 90 kg (pushing capacity of two labour -

/(iv) How to
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(iv) How to make b bigger:

nctual Tuetors to meke # bigger hove buoen mentloned cbeove. It
rill depund meinly on the ceycle time ol the carthwork, In other
words, we hove to uacke the cyele time minimum, Tnis will be
discu.sea liter,

(v) o make d bigrer:

Generzlly soowixing, the components o tne tinme will be preparat.on,
workineg, rest For lunch, rest perioa gnd idlsness. In order to
meke 3 bigger wo must winsaize all components other than zetual
workirs time., 1 will be uwounlly from 7 to 7.5 hours, but the

mein problum 15 now to elbdncte tne 1dle time, This will depond
larzely upon the way work 1s orzenized and on the efforts of
foremen ctec,

Do LiPLelrilTS

It is very immortoni tihat the right type of 1.gliments are used for
excavation. To give zn cueple, lorps sized scoops should be used for sand and
light soil and spades Yor cley etc. UGenerzlly, a treined sarthwork libourer
will pick up the right type ol .mplements for the particuler soil, It has boen
observed that for damp or wet curthvork, the cutting blade should be smaller
{as the curth is heavier), ond its anple to the hendle more actue, for ease in
excavation, For dry earthworlk, oa the other nind, the cutting blade of the

spade should larger forming o bigger cngle with the hundle,

#Where earth is hard, it will be casier to leoosen at first by pickage
before excavation with & pade. Where lift invelved is smell, certain types of
lebour find it easier to carry two Laskets suspended Jrom either side of a polu
supported on tho shoulders then a single basxet corried on head or shoulder.
retually, it is a matter of judgment bised upon experience to sclect the right
type of implenents to suit the scil cnd the physicel condition of the labour,
It is for tise foreman to take proper intercst in tnese aspects of work in order

to securc the miximum efficicncy out of the men and aatericl ot his disposal.

C. LaBOUR WELFAIU FiCILINILS

Labour welfare facilities play & very important part in the daily
ocutput of the lcbour, combined witn wage incentive znd bonus system., Improvemcnt
in housing conditions, drinking weter sanitation arringeaunts, medical focilities
and recrcation facilities go a long way in creating conditiens conducive to
increased output. Combined with wage incentive and bonus systum, tnese secure

maximum output under any given conditions. /1t is
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It is gratifyicg te nove Lhet in tne région, cLherally wepe inCentl.
and bonus syste: tre in vogue, and housingz, drinking weter, medical snd in sone
cuses even recrectionzl feciliv-es re proviaea ic libour.

Labour wellare Tacilities on ti.€ =o3i Project inwolviung construction or
flood embamments in lnuia waere tne labour force at peak wag ol tie order ol

62,000 men may be ivea by wey of illustration.

(i) Temporary thatched ruts were provided, for housing the lported
lebour, with a living area at the rate of 25 sg fu per lubourer, a labour forw.
of about 1,000 amen was esiinated to be re.uired per nile of the fleod
embankment, Provision for hutting waz mude for 50 per cent or the labour forc.
on the assumption trat half tne lzbour forcs would be from the nelghbouring

villages and would not need any housing accomnotation.

(1i) For drinking water, one tube well {worked by hand) was provided

for every 200 lzbourers, i.e. five tube wells for every mile of the embankment.

(1i1). A4t the neadquarters of the Division (cnuize of an Executive fngincuege)
there was a medical officer. st the hcadguerters oy thie sub-division {charge of
an Assistant ingineer) was stationed & coapounder, Standard rmedical boxes werc
provided every two miles or thc zmpanimnent, There was embulance at the
Divisicral headguerters. The entire Division wus uncer thz charpge oi the
medical oificer whe went round the Division for uxaninution of patients and
supply of nedicines. The area being highly mulerial, the anti-malaria wing of
the State Government zlso op=rated in the project area with the result thot

ralaria was brought under control and incidence of cicaness greatly reduced.

(iv) & welfare officer was attacned to eecn division and a welfare
inspector to eacn sub-division, It was their responsibility to cee ihat
contractors made due payment to their labour force.

(v) Government kept rescrve stocks of rice which was sold to labour
at fair price.

(vi) 4 mobile cinema vas w.s provided for each division, Sometimes

cne van served two contiguous divisions.

{vii) Community centres were provided. They were supplied with

newspapers, and arrangenents were made for indoor and outdoor games like

volleyball, etec,
/It is estimated
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It 1s estimatec that total wellare cost including hutting, light, waoels
suoply, -edical and recreational fucilities cume Lo about Rs 5/ per 1,000 cu ft

of eartawork. (Basic rule for cartiunrs is s 17/8/- /oo cu ft)

It is {elt tici but for theso waenities 1y woulx not nave been
possible to collect &ll tue lubour rorce ia this remole wreg, with its

unhealthy conditions, cnd to llerp inwur oo the job.

D. HOv TO REDUCK LNIT COET

txroenoiture
Total outjut

Unit cost =

In orider to reduce the unit coot, we .ust econoniZe on expenditure

and increase Lie oulput ue fur &3 poucille,

1. To .azlnimize the zimenditure

' In general, the cost of l.bour wu-es &5 a nercentege of total cost ou

earthwork by nanusl lebour niiy ve tuaken as given .n the tzble below:
Table 16

CO51 OF LeCUNER'S WiGLS ~S PERCENTAGE
OF COST O mnithiOik BY iLuWUaLl LaBOUR

aind of work Lzbour wage as pcrcentage ol
total cost ()

Hanual labour including transportation 80 - 90

Manual labour for excavition and transpor.ed
by narrow gauge trucks rushed manually 70 - 80

Manual latour for excavation und transported
by narrow gauge trucks power propelled 50 = 60

as in marual corthwork ceme set of molions arc liore or less repeated by
manual workers, iupiroverment in organisution to minimize iale lubour ussunes
special importance, becausc any small saving in labour expended may lecad to
substantial savings in cost. Actually, improvement in this respect can be
larpely brought about by the efforts of rforemen.
/50 culled
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30 colied Tosliviiy —o i) Sall Inudolbe Liv OO Laede COnailiens, il
purpose is to indicate for wnit perceniiie o: & a7 ts wors lzbourers are
ersaged oa their .zin job, anu snalgsoe tag son o ine tios lnto vorlous
secondary jobs (ineludins idle tims) to obtein the ditc for the improveuent o

operation and its or_cnisatiorn.

By wctivity anclyosis we szn geb & nari. .0 wbout evsdlcisncy of
workers. ss on ideal, the ot nould be 30 orgunized wad controllea tnzt cach
worker would purieorm somethins pocd ror tie plannua rrotuction continuously
throuchout the working hours. rput it is un.velosble thzt come percentzge of
working hours will remzin idle without performing any productive activities,
iatio of preductive time to total working tilaz is cilled "-ctivity ratio®,

In actual prazctice it is clnost impossicle to obstrve the il1l-day perforaance
of each worizer, %he usuzl rcthod is to try to find out by actual observation
now many =re idle zt eny porticulor tiue by swiplin, and then deduce results

for whole dey's working,

AS & result of wetual otservaiions nmade on one of Lhe projects in

India it wes {owna th.t fctivity -atio wus 30 per cent.

He rust rade every effort wo increwse fetivity rotio by reducing iale
time,

Various nethods to improve ovtrul n:ve clready been discussed under

A,Bend C atove,

E. TIp:Z (W0 ¥OTIGH STUoY

ks mentioned berore, in reausl carthwork the swac set of motions is
more or Jess repeated by a large nuab-r of werkers so tact any emull seving in

labour expended may lecd to substzatizl sivii.s Lo coztl., Une wey of studying

the problem would be to determine the tiue to.en Jor one cicle ol operations

and Try to eliminzte idle cime,
Each operation of ezrthwork conuists ol the followings

excavation (eutting), loading, trenvpocting, unleoading
returning., Onc complete eycle would be [rom excavatiga
to returning after unlocaing, after unlouding there is
the process ol grading, compaction zna final daressing but
these may be left out for purposes of the present stﬁdy.
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Work done during the day «nd tine exvended on usclul work

netivity concerning maiued. wirlthwork aurin: tne uey may be civided oo

Lxcavation

Loading

Transportation

Unicading

seturning

lzintenance

Rest for lunch

Rest period

Idleness

iie can note the tine of eacii mrocess durin. tne uay.

As a result of obscrvetions, we can Tind out:
{a) Time of idle work.

we rmust investigate the causes ol 2dle work and devise wuys to
ainimize this,

(b) whether the capccity of libourer cnd eyuipment are bolenced in
each process or not? Uhetner labourers are too many or transporti.i’
equipment too large?

(¢) vhether the working speed is proper or not?

The standard of working speed can be judge=a by tne measuraacnt
of actual working speed for a numoer of operators.

(d} Is there zny snecial bottleneck in tie process? ror instance,
transporting slope is too steer or inadequacy or luck ol transpo tic .
path,

{e) To delermine the stindarc process.

accordin: to the results of tine working ti:c we can devermine the

stoandard process.

A study was mede in Japan on eusrtnwvork inciuding, eXcu.aling, loading
by nanual labour and trensport bty narrow gouse truck (capacity 0.0 mj) puched
by manuzl labour, lecd 500 @ and average rodient 1/20 downwerd. The time
required for the process of louding, movin;, unloadinz, truck returning and
walking {unloaded) was measurcd and analyzed to rind out measures nueded for

improving the efficiency. y
#5 & result
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As a result of cereful analysis it wec found (ot even by allowin;
2.0 - 8,10 and 15.50 - 17.00 for greparction Working periou

12.00 - 13,00 for luach ig froa 8 a,m.

T M S e Yt

10,00 - 1C.15 and 15.00 - 15.15 for rest to 5 p.n.

it should be possible to increase tinc nwiber of ro.urn Lrips from 19 to 23.

/VII., QtOLe GF
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VI, ROLE OF wilUel +NU 2 CHaIZeD EarTHHORK

WD THALR COMBLNATION

A8 discussed in chapier I1I, menual labour has several limitciaons.

In case mznual lsbour has to be employed for earthwork beyond optimum load

and 1ift or for excavating hard soil, under wuter work, etc. where nanusl

labour zlone cannot be erfective, it voula be best Lo combine it with macnirne: .,

Let us first examine the ceoncitions viiich are sulted for eartmrork by anual

labour and msc..dne:z belore discussin, lne corbination of menuel labour =nd

machines,

Ao GOWDITIU.S wHISH nite SUITEw £OR cannTidOds BY loaUal L.BOUR

(1)
(2)
(3)

(&)
(5)

(6)

wages for laboursrs are low,
Speed ol construction is not very important,

Small quantities ol earthwork cre involved znd working space is
not restricted.

Employment of labour is easy.

Kind of soil is not hard and conditions for excavation and
loading are casy.

Lead is less than 100 metres and lift less than 10 metres,

Be COMDITIONS WHICH .ists SUTL2D TO THi MelhHaIZED BEagTHWORK

(1)
(2)

(3)

(4)
(5)

Hages are high.

vorking rale is high, as for example, with hard scil, excavation
under water or loading to height, etc.

Work is difficult either by manusl lebour, or even transportation
by Lrucks, etc., as for example, work on uneven topography
involving hizin lifts and in remote places or where space is
restricted,

Work where lead ond lift is beyond the optinum for manual labour,
Lmergency work that has to be done uncer pgreat pressure and where
speed is all important,

/C. COMBINTION OF
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Ce COBIL.TICH GF THS LeXTH.ICK BY .ulUsl LeBOUa il (inCHLIs

Where necessary, it is possible to combine manuzl labour and iazchine:
rationally with a view to increzsing the eificiency of earthwork. Combination
of earthwork by manual libour and machines would be governed mostly by tne
conditions prevailing at the working site. we will, therefore, diccuss them
mainly on the basis of unit cost end efficiency. Certain typical construction:

are shown in Table 17.

(1) To determine the czoacity of the combination

The most important orovlem is to balance the capacity o manual
labour and machines. There will be a natural tendency for the manual lzbour
to do less work and be idle while working in combination with machines, This
will be further increased in czse there is lack of bzlunce in vhe capacity of
manual labour and macnine, In general, the governing .actor will be the capuci Ly
of transportation, so thit capacity or each process siiould be fitted to the
capacity of transportation. In other words, nunber of labourers for excavation,
loading and unloazding should be fitted with the capacity of the transporting

machine,

/Table 17
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Table 17
DIFPLRANT COLBINATIONS
Combinations mxcavation Loading Transportation Embankment

(a} Short distance transportztion (lead about 10 to 60 m)

Combination (1) H.L.i/ 4.L. M.L. M.L.
t (2) H.L. H.L. Rubber tire wagon 1. L.
" (3} M.L. H.L, animals ., L.
n (4) H.L. if, L. Harrow gauge truck oL
" (5) Bulldozer bulldozer Bulldozer bulldozer

{b) Short and medium distance transportation (lead zbout 50 to 200 L}

Combination (4) ML 5.1 Narrow gauge truck M, L,

" (&) M.L. H.L, Narrow gaugze truck M.L.
driven by animel

n (7) ¥.L, 4.L. J-wheel automobile H.L.

{c) Medium distance transportation (lead about 100 to 600 m)

Combination (6} M.L, #.L. Narrow gauge vruck M.L,
driven by animals

gl (8) M.L. M.L. Narrow gauge truck HeL.
driven by locomotive

" (9) Scraper Scraper Scraper Scraper
(d) Medium and long distance transportation (lead more than 500 m)

Combination (8} M.L. MH.L. Narrow gauze truck M.L.
driven by locomotive

" (10) Ladder Ladder Harrov gaune truck M.L.
excavator excavator ariven by locouotive
" (11) Shovel Shovel Dump truck Bulldozer

1/ M.L. stands for manual labour

/{2) &oplication i




. /508, 11ATRD/Conf . 3/L.1
Pege 3L

(2) applicction of Fulideser to cortlnwori by senual l.ocour

Bulldozer may be uszd not cnly lor mecnanized eurtsuerk but also
combined with earthwork by menual lavour, It it veey usefol and ancrecscy (A

efficiency of e:rtnwork by manual lzbour waen used for:
(a) Zxcavating very tain layers or earch
{b) Erecavating hard soil

In these circunmstances, Lullaover cxcaveies w.d pusnes tre soll to

the site near the trucks and wasens to be leowdea by monuzl lebour.

{(3) ¥atters that need speciul citenbtion for each combination

(a) Combination (1)

This is the traditioral rormi o) eirtiwork, and ay not be crfective
for largs -uentities of earthuork. This metued 1¢ used in case of small
guantities of eartn volume where toposrepity, scii condition, etc. are not

suitable except for mamual labour.

(i) Zest suited for lezd and Lift lerc then 30 m end 3 respectively;
the linmiting lead will be 170 reures,

(i1) It is immoriant to belance the .waber of labourers transporting the
earth with the number oI letourers wxeuvatin_ it, so that botn sotsz
ol labours are continuoucly Lusy and no time is lost in waiting by
gither set,

(1ii) The intervening disi.nce petueen lebourers sheuld be fixed carefull:-
to engble then to worl: witn  =se.

(iv) Transportztion shouls be continuous froa Lne excazvation urea to thw
durping area, so taal ne lovour “osse the same spot more then oncc
on hls Wiy Ivon the cxeavition wrel to thu dumpinv area and buck,

(v) The loadins neight .ust ke kepl le = tnun 1 osctre because efficienc,
will ke :re;;lf reduced if the looding neight is aore than 1 metre,
(vi) The number of implazents for truansportation, such as cane beskets
should always te 25 ver cent Lo 50 per cenl more than ine number
of labourers enga-nd on L raasporting earth.  vhen tne labourers conc
back to Lhe excavztion aprea oiter Guapdn the eartiv they should “
find baskets nlre:ndy illed up and shoulu not have to wait,

/{vii) It is
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(vii} It is generally fourd trat labour working in smeller grougs s1ves
more per capita production than a lavye nunber of lebourers workin
in the same place,. CGptimun number of lezbourers working iadeponder .-
would be thoul 40 to 50 people.

(viii) Path mede by the labour for zetting on to tne top of the excavatic-
pit should be a proper riuwn at an easy slope of 1 in 10 and not 1.
the form of steps.

(ix) The muximum disiance and 1ift for which send end eurth can be thr. o
will b2 5 n and 3 m respectively. One shovel-iull ol earti weigl:.
on thwe averszs 7 1o & X, 1 cubic metre ol cartn weighs on the
avercge 1,620 kg and contains 130 to 230 shovel-full., .alxing spe
of lebourer is cbout 30 to LO metresper minute.

(b) Combination (2)
The conditions are almost the szne - for combination (1),

4s the output will be mainly influcnceéd by the gredient of ¢lope and
rolling resistance between rubber iires ond earth, it is necessary to mzke tne

gradient of slope of transporting path as casy as possible.,
{c) Combination (3)

This method has been very vopular in some ol the countries of tne regloc
with an abundance of cheap animul labour. Before tne introduction of :aicnines,
earthwork eon some of the lurge Larra;.s on sand foundation was completed with
the help of donkeys. Donkeys in Inaia carry avout 2 cu ft of earth, but it
should be possitle to increasc the capacity by 10 to 20 per cent.

(d) Combination (4)
Thiswill be the lowest resistance methed by manual lubour.

(i) It is necessary to avoid enall radius of curvuture and steep slove.,
especiclly to avoild more than 1/50 of up-grade if possible, The
brake will be neeessary, if the lergtn of sloge of 1730 is over 80 m.

(ii) The arrengezent oy the track will greatly alfect efficiency, and it
is neceisery to aveoid confusion with consequent accidents and
breakd »ms.,

(1ii) The track has no doubt to be moved from pluce to glace to suit the
condit.ons of the work. bu" as shifting of the trock is often
troubl:some it should be kiept to the ninimus.

(iv) Genera 1y, the track will ve single, but if possible it should be
double with separate tricks for forward ind return trips, Alternativoty,
loops .t suitable points will help to increcse the efficiency.

/(e) Combination (5)
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(e) Combinztion (5)
This method iz efiicient for short distance transportation szy 50 to 60,
and is very economical for 10 to 30 m lead,
(f) Combiration (6)

The condition is olmost the szae s comeination (4)., It meins 3 or 4
narrow gauge trucks driven by animsls, end is economicil &nd erficient for
medlum distance trensportetion in o place whore thors is an a2bundance of

animals wit. cheap fodder,
{(g) Combination (7)

The 3-wheel automobile (durmp type) is & small size transportation
vehicle (capacity is about 1 to 1.2 m3) very easy for unloeding ol earth and
turning direction. This should be use¢ful for cbout 100 to 200 i1 of transportuiion,
but not suitible for soft soil road conditions.

(h) Combination (8)

This is almost same as combinstion (4) and . enerally 1 cubic metre
dump truck is used when transported by locomotive in eorder to keep unloading

tire to minimum. The usual combinztion in Jiran iz s follows:
Table lBl/

COMBINATIONS OF TAUCKS 4D LOCG-ATIVES OF V.U TG CLPACITY

Capacity of truck ftail Gauge Locomotive
o Ke/m s} ten
Steel 0.6 6~9 ¢10 L -7
Yooden 0.6 6-9 610 L =7
Steel 1.0 9 610 L =7
nooden 1.0 9 610 L -7
Steel 3,0 20 1067 ' 20
Wooden 3.0 20 1067 20

1/ *"Mechanized iarthwork Construction" by Y. :aito p..169

/(1) Combinuation
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(i) Combination (9)

This method is very ef{ective {or trunsportition for a distance of L.J
to 600 metres. Using the pusher would ada to efficiency,
(3} Combination (10)

Por thiz ladder excavator (Louder) is used, This method will be
suitable feor lerge-scale excavation ol crnzinels ana cartnwork of embankment
etc, in sendy soil, but not suitable for nerd soil,

The capacity of the michine is 120 cubic uetre or &0 cubic netre per
hour, The machine is effective though travelling is not so easy.

(k) Combination (11)

This method 15 useful under most conditions cnd the number of dump

trucks should be fixed to suit thne haulage distance and the capacity of the

power shovel,

(4) rcxanmples of combination of earthwork

(a) wesultz of analysis of data

{i) Output per hour ver man

Cutput per hour ner wmon cuan be calculated from the data for working
rate znd oulput, shown in chapter V, -~ and B; soume assumptions wili,
however, bte necessary. The results of output per hour per man are
shown ir graph 4. (See appendix for detcils of caleculations).

(ii} Unit cost
The resaits are illustrzated in Graghs 1, 2 and 3,

{b) Consideration of rztional combinction of the ecarthvork

From the study of grarhs 1, 2 ana 3, the follewing combinations of

carthwork for given lcads are suvgested:
(1) Excavetion and locdin. (Grapn 1)

The niost economical rieans woulw te manucl lebour for loading to
height less ther 1 nectre and nower snovel Tor loading height more
than 1 metre for common soil. Power shovel will be chesper in casc
of hird soil with lozding height of more tnon 1 metre anvelving large
quantities of eirtawork,

/(ii} Lead 10 to
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(ii) Leed 10 to 60 = {Craph 2)

The most economiczl nctaod weula be bulldozer; next comes rubber
tire wegon. ifanusl laboar is .ot expencive in this cise,
inlldozer should theresfore be used,if pos:iible, and where
difficult rubber tirs wewo .oy be uned, lanuel labour should be
used only sor smell .leniztices of ecrtawork or for tue work wnic.
carnot be execuloed except by emuil libour,

(iii) Lead 50 to 200 m (Grepn 2)
The most economic ..xthod will be to use scraper {crawler tractor-

driven) but if scraper is not suiteble, narrow guuge truck animil
driven or manual lobour and j-wneel automobile should be used,

(iv) Lead 100 to 500 m (Graph 3)

Scrzper (crewler tractor-driven) and motor scruper are wost
econonical for lezds less than L300 m and 700 m respectively,
where lecd is more than 400 und 800 1 respectively, power shovel
with dunp trucks ano narrow sauge truck locomotive driven will
be more economical,

(v) Lead more tuun 500 a (Graph 3)

Jotor scraper and power chovel with dump truck will be econoaical,
provided the nuiber of cump trucks matchies the capacity of the
pover shovel., dometl. ws due to lack of dump trucks, power shovcl
cannot operate to [ull canncity. in thet ciee, the unit cost
will be nearly the staz boun ror tie power ihovel and durp truck
and nerrow gauge truck loconotive driven,

The results discuczed zoove are fiven only cs illustrations. when thea
efficiency of mzchines increcses furtiler, unit cost would be lower. ir,
however, the purchese price of meciines increuses, the unit cost would be
hizher, so that unit cost will vory according Le the conditions preveiling at
the time.

In practice it would be necostiry to calculate vae unit cost accordin,,
to the actual conditions wrovalent in the country ¢nd datermine tho most
sultable and economical combination.

JVIII.  SULMARY AND



E/CR,11/iab/Conf43/L.1
Pzge 39

VIII. SUiLund? «ND CONCLuULIONS .

The countries of the rcgion have in haad o heavy progrimme of water
resources development involving large gquantities of earsthwork. «ith the
increase in the size of projects, tiwcre has recently been & growing tendency
to use iizchinery for ecerta.ork. % ihese countries with & rupidly increasin
vopulation and a slow rate of indusirialization have coundant anpower,

efTorts should ¢ directed towerds iLuproving tiic efficliney of manucl labour,

Given the amount o earinwork vein. wonc or cenitapl-oled uader the
development plens ol the couwntry, it is relt that z sta_e hes been reached
when the entire question should be corerully wiwiined with a view to:

(a) Making more crfective use oi manuel lzbour througa improvements
in implemenis, lobour aincentives, wellare fazcilities, cte.

(b) Determining how far :erusl lubour, zlone or in ccabination with
machines, zinould be adopted,

It will be aspreciated t.«t & savin, of even & mell perceateée an

the earthwork cost of water resources developnent projects will ultiu.tely

lead to substantinl saving and thus more than justify this study.

There arc a nunber of [actors adfectin. output ol ecrtiswork by mamnuel

lazbour:

Natural conuitions such us climate
Topogrephy and nature of the soil
Phiysical conditions of lobourers
Lﬂplementu used

«ape incentives, boaus systen, lobour welfire and recreation
and itedicel [icilities

Working; conditions like leud end 1ift wnd cxecutive organization,

llature or earthwori - 11 the coll Lo be uxecuvated is very hard or if
it is slucihi involviay under-ucter work, ianual lebour may be aitficult, if not
impossible. anpower required for th. exeuvation o' verious types of soil
has been set out in detail, Dry hurd clay, for cucaple, reguires about four

times the manpower nceded for sor't voil,

/The increase
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The increzse in manpower with various loading heignts for common soi.
has also been given, from wnich it is clear tnat, with loading height above
one aetre, the manpower reguired per cubic metre ol earthwork incresscs
rapidly. In the case of (. loading iieignt of 2.1 actres the manpower reguire
is double that at zero loading heizht.

The increase in .npower rejuired ror ti2 excavation of a cubic wetre
of earth under different depths of waver has also been ziven and it has been
shown that, for the excavation under 0.6 m depth of water, the manpower
required is about four times that at zero depth.

The increase in manpower recuired with an increese in leads anu liftc
has also been shown. The optimum lead and 1ift for manual earthwork may be
taken as 30 m to 50 m of lead and 3 m to 4.5 m of 1lift, anu the critical
limit of lead may be taken as 100 m,

Where large cuantities of earthwork have to be completed with & mexirw:
of speed, macninss score necvily over manual lubour. & two-yard exccvator
with about 10 men can do a piece of work in one day which the same number of
men will take one month to complete by munusl labour,

Machines can sometimes cut down the construction schedule by oine-hall,
so that the project will start to give benelits much earlier, witn consequent
returns on the capital invested.

Similarly, macnines are indispenscble for compactionm. Where large
quantitics of earthwork have to be coupacted, as in the construction of a daun

or high dykes, there is no clternative except to use nachines,

One way of quickening the pace of earthwork by manual labour 1s to
increase the labour force, but for a large multi-purpose project there are

obvious limitations to the size of tne work force. Labour uas to be procured

for different sections of the project in progress at tne same time, and a
large labour force creutes its own problems of housing, sanitation ete, In

addition, manual labour Las generally to be attracted by heavy zdvances whic:

add to overhead expenses, Overhead expenses comprising hutting charges,

depreciation and repairs to toecls, transport and watchman charges, advances

and food arrangements, have been estizated at 15 per cent.
to add lighting, sanitation, water supply,
facilities,

To this we have
medical services and recreation

/If manual
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If manual labour ius ils limitations, aicchanization crestes itc own
problems in under-developed countries wherc there is plenty of manpower and
general*uncer-employnent, On an average, il say be taxen that about 17 men
operating a machine (2% cubic yard capacity shovel) can give tne same outturn
as 300 ren doing irenucl eartnwork in the sare period, Mechanization reduces
the nurber of employces dra._tically, and this should serve as z warning
ageinst over-mechanization. Generally in any given project there are sectors
like canals involving tertihwork with moderate leads and lifts, so ihat by
Judicious uce of mecninery a good balance can be maintained between work done

manually and by tacnines.

1t has also to be renembered thut conciderable exgenditure of foreign
exchan;e is involved in the initiel purciase wila procurenent ol spore p.rts,
The average requirenents of spare parts ars of tne order of 15 to 20 per cent
of the cost of ecuijpment per annum, so tuat during the ecconomic lifc of a
rachine sparc parts generally cost as nuch as the capital cost of the machine,
This involves recurring exvenditure of foreign exchange. Fuel and
lubricating oil also huve to be imported in the case of most countries, adding

to the recurrin, Toreirn exchange costs of operation.

In order to maintain these expensive machines, well-equipped workshops
have to be set up, and sowectimez it is difficult to man then efficiently in

view of the shortage of trainzd mechanics.

There is also the gquestion of the training of operators and mechanics,
In this repicn, there 1= & shortage of traineu tecimical personnel, For
proper use, heuvy esrthmoving michines need skilled operutors, This alone is
& big bottleneck for larre-uscale muechanization although training schemes have
becn uncertaken in some of the countriss. Flenl planning for earthmoving
equipment needs expert inowledge and hes o be dons with grezst care,
Sisilarly, hzal rowzds have to ke carefully plenned and well maintoined,
Efficient #inaycaent znd sound plenning involve tine muaintunznce of accurate
records of the Lctuél working of each machilng, which necds ¢ jood aeal of

orgenization,

/assumin, net
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Assuring net working hours are Seven, LNu avurg & ielpoder required

has been calculated per cubic metre for the following conditions:

{i) Excavation and loudinz by mznuel lebour for differcnt Xinds of

soil and for differcnt lozding heighis,

(ii) Excavation by manual labour, including transportetion for
different xinas of 501l znd for dificrent luads cpd 1lifts,

(iii) Excavation by menual labour &nd tronsportation by rubber tyre wagon
for comamon soil and a.rd clay and for aiflerent lewds.

(iv) Excavation of common soil and hird clay by nanual l.bour und
transportation by narrow gzuge truck for diffvrent leads.

(v) Excavation by manual libour cnd trensporlation by narrow gauge
truck animel-driven for differuent leads,

{vi) ixcavation by manual i.bour and trzncporation by narrow pauge
truck loccrmotive driven for dirrerent leads both for comnion
soil and zravel carih,

hverapge output per hour of the following machines has also been given:
(i) Bulldozsr sapzcity 15 tons for lezds 10 to 60 metres.
(1i) 3craper capacity 8 cubic ,=rds for leeds 100 m to 600 n.

{iii) Power shovel capacity 3/4 cudic yzra both for vasy work and
hard work,
From the sbove grapbs 1, 2, 3 znd 4 have been dravin, {For detziled

calculitions of a lew typical c.5¢5 sec .ppendix),

Creph 1 - 3nows unit cost per cublic uetre for cocavation wnd loading
for different lozding heizhts by mamucl Lubour (common soil ind hard clay) and
power shovel (casy work cnd hard work).

Graph 2 - Shows unit cost rar cubic metre for l-.ads zero to 230 = for:

(1) ‘tzousl labour
(ii) Using rubber tyre waon
(1i1) Merrow saupe truck minually opercted
(iv) orrow sauze truck animsl driven
(v} 3-wneel cutomobile
(vi) E[ulldozer
(vii) Sercper

/Graph 3
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Grapit 5 - Snows unil cosl per cubic netre for leads 100 to <,000 m for:

(i) Narrow jeuge truck mcnually operated
(ii) iarrow gouge truck znimal driven
(1ii) #arrow gauge track locomotive driven
(iv) Scraper 3 cubic yurds

(v) Hotor seraper 11 cubic yards

(vi) Powcr snovel and awsp truck,

Graph L - Shows output per hour per .un in cubic meirc ror leads zero

to 200 m, in czze of:

(i) #enual labour (for leads 30 to 50 m only)
(1i) Usin:s rubber iyre wegon (for leads 10 to 50 m)
(1ii) PEulldozer (leads 10 to (0 m)
(iv) 3-wheel automobile (lezds 50 to 200 m)
(v) Secraper & cubic yard (leads 100 to 200 mn)
(vi) MNarrow gauge truck ani.sl driven (leads 100 to 200 m)
(vii) Hurrow gzuge truck manually operated (leads 100 to 200 m).
These graphs show the unit rates of different types of earthwork to
eserve us a ~fuide to seleet the most economiczl unit to suit the particular
conditions.
Some suggcstions have been offered to increase the eft'iciency and
reduce the unit cost of mamuzl eartihwork. These are:

(1) to use right type of implements both for excavation and
loading

(ii) to sclcct borrow pits uc close to the site of work as
possible

(iii) to meke tne upword gradient as szell s possible, and
viere possisle work on the dovmuzrd zridient wien loeded,
In cese of level, the output will be LD - 50 per cent
bisger Lecn in the case o 1/20 upwerd gradient with rubber
tyre wo ons

(iv) In order to load as quickly &s possible, to keecp excavation
depth and loading height down to z ndninun

(v) to iuke use of enimgls for transportation, where possible

/(vi) to select
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(vi) to select tne roce of tronsyol Luticn wWitih minlaum resiitance

(vii) to recuce the time of the complete cycle of excsvation, loading,
trancportation ic. as far &5 pocsitlc -

(viii) to orgznize tne work properly, o thet idle time is reduced to
the minimun,
The Mactivity ratio", which is tae ratio of productive time to

total working tize, should be as hizn as possible.

allowing for time for lunch and rust, it should be possible to
improve upen tie time suent on the complete cycls of earthwork for which it
would be necesscary to:

(a) investigate the calses of 1dle work and devise ways to
eliminate trem

(b) ensure that the capacity of labourers end eguipment are bulanced
(Capacity of transporting euipuent should match the lobour
engared on excavation)

(c) ensure good working speed

(d) remove zll bottlenccks, like slopes which urc too steep, or
inadequate paths fur trensportation.

_bour welfare facilities cembined with wage incentive and bonus'
gystems pley &n important part in the daily output of labour. ' Improvenents
in housing cenditions, drinxing water, zanitation arrangements, medical and
recreation facilities go a long way to creating conditions conducive to
increzsed output,

nfter 2 discuszlon of limitztionc ou munuzl labour znd unit cost
for various modes of earthwork, dilrerent comtinetions of mznusl labour ana
machines are examined with a view to fincing out tne aost econaaical and
efficient arrenz=zients under different conditions, Conditions wuich are
suited to earthwork by manual lebour ana machines have been given in detzil.
Different types of combinztions sre described giving particular conaitions
under which each type of combination would be suitable,

/fron gruphs 1,
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rroi: gcraphs 1, U und 3 1t is elionr that:

(i) For ezcavation and losding coumon s0il, the use of maruci locour
for loaainy tu heigut of less thin one metre ana thel ol power
snovels for louding height in exee:s ol one metre would..s . mosh
economical ‘ e

(i1} For & lezd of 10 to 60 r.etres (Graph 2), tie most economical
meens lv Lulluczer; trerealter o ruuber tyre wzgon

(111} For & Lead of 50 to 220 metres {Graph 2), & screper will be most
economical

(iv) For a lzad of LOD to 500 metees (Greph 3), a scraper {crawler
* tractor-driven)and mcotor seriper are wost economicel ror lezds
of le=s tnan 300 meires ane 7ou motres respeetively. For lecds
of mora tha. LIU end 800 elres re:pectively, power-shovels with
dunnp trucks end naocoow gauge trucks, locomotive-driven, will be
nore tcoromical, nrovided the number of duzp trucks matches the
capicity ol the vower-shovel.

These zrc only & I'ew general illustratiens. In wctual practice,
however, it woulu be neceszsry to calculate tie vnit cost under tne conditions
preveilins in the perticulor country a2ad then decide on thie most suitaerle and
economical combination, IL ic also evident tnat ceontinuity of censtruction
by carthxoving aachincry is cosential to echiuve economical rates, since the
unit rates of carthiork vused on tne total expenditure decline progressively

435 the carthmeoving e.uivment iz utilized for longer period of its life,
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C,.LCUL.TIONS CF& GIlIT COST iD OUTPUT k=2 HOUR

ie  LSCAVATION oL LC..DING BY 1Lalnl L.BOUK

Calculating only fcr common soil

y . 3
(1) Working rate (Manpower reguired per day per m )

Working hours are 7 hours per day and Irom Table & working rate is

as follows:
‘Eh“‘hhloading height ‘
. l

Kind of soil

0.3 0.6 0.9 1.2 1.5 1.8 2.1

Common soil lO.lO 0,102 0,104 0,108 0.114 0,126 0.148 0,204

(2) Output per hour per man

As working rate is 0,10 for loading heignt zero, so a mun works (output)
10 cubic metres per day (7 hours). Therefore, output per hour per man is
(—— = 1,43. Calculating similarly for other loading heights output per hour

per man is:

Quiput per hour per men in rnj for loadine height
0] 0.3 0.0 0.9 1.2 15 1.8 2.1

Hind of soil

Cemmon soil 1.43 1.,4,0 1,37 1,32 1.25 1,13 0,97 0.70

(3) Unit cost

asswning labour wepge per Goy is 400 in yn and administration expenses
arsa 20 per cent of the unit cost., working rate is 0,10 for louding neignt zero,
which will cost L0 yen per cubic metre (400 x 0,1 = 40), and administration
expsnses dre 20 per cen®, of unit cost. Thercfore unit cost for loading
height zero is 4O x o 50 yen,
0.3
Similerly we can calculate unit cost for different loading heignts.

The results are 5 tollows

/Kind of soil
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Unit cost per mj for loading heizht
0 0.3 0.6 0.9 1.2 1.5 1.8 2,1 m

Kind of soil

Common seoil 50 51 52 54 57 63 T4 101 yen

A8 the depreclation ol implements will be omall, it will be looked

after oy thc adninistration exoenses,
The above is illustrated in Grepa l.

B, iXC.Vv..TICHN ..l LO.DLIG 5Y FO...i-SHOVEL

Capacity of Pewer-Snovel is 3/4 cubic yard and assuming working hours

per day are & hours.,

(1) OCutput per hour rer man

The averaze outpui per hour over & long period is given below:;/
ind of werk Ouiput per hour m}/hr
For eucy work 60
For hurd work LO

assuming 4 men worked on a shovel including mecnanics, output per

hour per man will be as follows:

Kind ol work Output per hour per men mj/hr/man
For casy work 15
ror hard work . s 5 10

(2) Unit cost

Totul expensc. per hour will ccnsist ol operation, repairs,

depreciation, tronsportation and adninistratlve exiensSes.

/(a) Crerstion

1/ See Table 1k.
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(a) Operction cxcinsce Tl OUL

From actusl observation, we 1ot the followin, resuling

Items snount per hour Unit price _ amount
-Gasoline 0.01 litre 40 L
Diesel oil g n 20 180
jobile oil 0.3 " : 150 L5
Gear oil 0.1 " 150 23
Greasc 0.15 kg 130 20
Waste cotton 0.04 kg 50 2
Operator 0.2 men 800 160
hassistant 0.2 man 500 _599_

Total _jg&_ in yen

(b) ZExpenses on revairs per hour

assuming cconomical life of power-shovel as 10,000 working hours, total
expcnse on repairs during economical lif'e will be 1.5 times the purcuase price,
Purchase price is 8.2 million yen. So that average expenses on repairs per
hour will be zs follows:

Purences on f e _ 3,200,000 x 1.5 _ . . )
Expences on repalirs per hour = 10, 000 = 1,230 yen.

(¢) Depreciation cxpenses per hour

Assuminz residual velue is 10 per cent of purchase price, depreciation

expenses per hour will be &s rolliows:

i O X ) X 8,200,000 x (1-0. o
Devreciation exsenses per hour = . lU,UJé 1) . 738 yen,

(d) Transportation and adiinistration cXvenses per hour

Brozdly su aking transportitlon expoenses snd administration expenses

are £ per cent and 20 pur cent respectively of totel cxpenses.,

(e) Total cxpenses per hour

#8 the expenses for operation, rcpairs, and depreciation coue to 72
per cent, total “xpinscs per hour will be as follows:

Total cxpenczes per hour = u.ﬁz (534 + 1,230 + 738) = 3,475 yen

/(£) Unit cost
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(f) Unit cost

From the total expenscs per hour and output per hour, tne unit cost
will bc as follous:

Kind of work i Total expcenses. Uu:pu} per bour Unit cost per m3
per hour m’/hr ten/mo

Easy work 3,L75 60 58

Hard work 3,475 L0 87

The above results arc also illustrated in Grapn 1.

C. L.ATia0R: BY MaNULL L.BOUR IACLIDING T..AN-PO<T.TION

Let us calculcte for common soil, assuming lozding height 0.6 m znd
1ift 3 m.

2
(1) Workin~ rate (llzaapower resuired per )

Working hours are 7 hours nper dey. #From Tables 6_and 7 working rate

is as follows:

Hanpower required per mo pir dey

- ) Por rFor trensportation [For cxcavation and transportation
find of soil axeavat Lon Lead

30 60 70 30 60 - 90
Common soil 0.10k P.154 0.209- ‘0.264 0,258 0,313 ... 0.368

(2) Qutput .er hour per men

n5 workine rate is 0.253 for lecd 30 n, so & man czn cccomplish
(output per man per day) '15ﬁ¥§¥" = 3,87 cubic metr. per day (7 hours).

, 37 .
T.auvrefore output pur hour puer m:n 1is 231 . 0.55 cubic metres In the szme
r put p p 7

way output ptr hour per man for differcni liads is &s follows:

Lead m
rind of soil 30 - | 60 90
Cormon soil 0.55 ’ D46 0.39

These results have beun shown in Graph 4. . /(3) unit cost
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(3) Urit cost

sssuming labour waze is 400 in yen enc admialstretion expunses are
20 pcr cent of wnit cost. .3 wopking ratz 1z 0,258 foo lead jU 1, so .ipense
for lcvourer is 400 x 0,258 = 103,2 in yen por cublce motre, cnd adaministration
cipenzos are 20 per cent of wnit cost. Therefore unit cost for lcud 30 m
is e x 103,2 = 130 in yen. S&imilarly, we can cazleulate unit cost for

0.8
differcnt leads, The result is &z follows:

Lead m
Kind of soil
30 60 90
Common soil . 130 156 184

As the cxpenses of implements will be small, thesce may be assuncd to

be covered by sdninistration expenses,
The above resultc hove beern illusiected in Graph 2.

Ue EaiThO.f EY BULLDGZER

Capacity of Bulldezer is 15 tens (D-7 class) and assunin: working

hours rcr aay as 6 hours,

(1) Cuiput ropr hour mor man

Taking averege output pes hour over & lon. period with 4 men workine

for a Bulldozir including scchanic, output gor hour pur men will be zs follows:

" Lead Qutput.n.r hour&/ . Gutput wor nour. per nan
~ /hr m?/hr/mzn
10 144 : 36
20 5 . 18.8
30° 25 13.8
40 43 10,8
50 o 33 - ; 8¢l .
T 60 TabE  mm : . 2?.5_ 6.9
These resulis cre sicwn in Graph 4. /(2) Unit ¢
. 2 n co5

1/ From Totle 12,
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(2) Unit cost

Total expenses per hour will - consist of operation, repairs, depreciation,

transportation-and administration exrensvs,

(a) Opcretion exrenses per hour

Operation exn»enses por hour will ve ¢s follows:

Items hmount per hour Unit price amount
Gasoline 0.2 litre 40 , 8
Diesel oil 12 " 20 240
Hobile o0il O M 150 60
Gear oil 03 ¢ 150 L5
Grease - 0.2 kg 130 26
“iaste cotton 0.04 kg 50

Operator 0.2 man - 800 -« - : 160
assistant 0.2 min 500 100

Total 641 in yen

(b) Exoenses on repairs per hour

Assuming economical life of bulldozer is 10,000 working hours, total
expcnses on repairs during cconomical life will be 1.9 times the-purchase price.
Purchase pricc is 7.5 pillicen yon:

So, average sxpenses on repairs per hour will be as follows:

,500,000 x 1,
Expenses on repairs per hour = Zs0 l0,00g 2 - 1,420 yen.

(¢) Depreciation expenscs per hour

nssuming residual velue is 10 per cent of the purcuase price,

depreciation expenses per hour will be:

. o R ¥y O0.0% x -0.
Depreciation expenses per hour = 1.2 10,000(1 1) = 675 yen.

/(d) Transportation
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(d) Trensportaiion ond adminictratlve oxmenscs per bcur

Trarzportetion expenses =na auainisirative eapunses are roughly

8 por cent ond 20 per cent respectively of total expunsis,

{e) Torzl :ix-:znzes —~cr hour

»d tne expenses for operation, repairs ond depriciation represent

72 ner cent of the totzl, total expusses por bour will Le:
Total expunses per hour = —jL—(6L1+lh20h6?5) = 3,800 ycn.
P : 0.72 !
{f) Unit cost

From the totzl <xpenses per hour and output pocr hour, the unit cost

will be a5 follows:

Lead Cutpat per hour Unit cost
m m/he 3ﬁn/m3
10 144 26.&2/
20 75 51
30 55 69
Lo 43 h 88
50 33 155
60 27.5 138

These results huve been illustrated in Greph 2. .

E. E~RTHWORK BY SCR.PER

Capacity of 2 sereper is & cubic yerds, (15 ton tractor driven} and
assuning working hours per i 7 a3 6 hours.

{1} Outyput per hour pir man

hvirage ouiput per hour over a long period with 4 men working for a

scraper including mecicnies, output per heur pirmen will be as follows:

/Table

.= 3,800
1/ 26. i
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Lead OQutput per houré/_ Qutput per hour per men
m m2/nar m3/hr/men

100 ' ol 16

200 L3 10,8

300 31 7.8

LOO 23 5.75

520 19.2 4.80

600 17 4.25

See graph 4,
(2) Unit cost

. Totel cxpenses per hour will consist of operation, depreciationm,

repairs, trunsportation and zdministration cxpenses.

(z) Operation cpenses per hour

Operation expenses per hour will be as follows:

Items Amount per hour Unit price Amount
Gesoline 0.2 litre LO 80
Diesel oil VA " 20 280
Hoki1a oil 0.5 " 150 75
Gear oil O " 150 60
Grease 0.3 kg 130 39
Waste cotton Q.06 kg 50 3
Operator 0.2 man 800 160
Assistant 0.2 men 500 100
Total 797 in Yen

/(b) Exoenses on

1/ From table 13.
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(b) =xpences on repairs cer heur

issuming economical life of a scrzper is 10,000 working hours, total
expenses on repzirs during economicel life are 1.2 times the purchase price.

Purchase price is 3,000,030 in yen for & scraper

Average exzense for repuirs per heur will bes

3,000,300 x 1,2
10,

Repairs per hour for scrapér = = 360 in yen

1
Repairs per hour for tractor = Lh205/ in yen
Total expenses on repairs per hour = 3604¢1.20 = 1780 in yen

(¢c) Depreciation exvenses per hour

Assuming residuzl value is 10 per cent of the purchase price.
Purchase price of tractor and scraper is 7, 500,00043,000,000 = 10,500,000
in yen, and depreciation expenses per hour will be:

Depreciation expenses per hour = 10’500'230030(1 =0.1) | 945 in Yen
2

(d) Transportztion and ad.inistration expenses per hour

Transportation and administration expenses nay be taken as € per cent
and 20 per cent respectively of total expenses,

(e) Totzl expenses per hour

As the expenses on operation, repairs and depreciation correspond to
72 per cent »f total expenses, totcl expenscs per hour will be:

Total expenses per hour = 5—%2 (797+¢1780+9L5) = 4892 in yen,

(£) Unit cost

From the total expenses per hour of 4392 yen and output per hour
given above, the unit cost per mJ is as follows:

/ Lead

1/ Vide section D 2(b) of appendix
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Lead Uutputj per nour Unit cost

i /hr yen/m3
100 64 77
200 L 11
300 31 158
400 22 223
500 1.2 255
600 17 288

L]

e

These results have been illustreted on Greprs 2 aad 3

EaTHWORK BY iL.dUnL L.BOUR oD Tn-NSFOdTed BY K..tR0.i GAUGE TRUCK

LOCC#OTIVE DRLIVEN

Considering only for common soil.

I
(1) Working rate (Manpower and materials recuired per 100 m”)

With working hours of 7 hours per day, from table 1l working rate is

as follows:

Working rate per 100 m

Lead OQutput per
day (7 hours) | Assis-|Gaso-'robile | Grease | Gear oil
% m3 Labourer |Operator tant (line | oil
litre; litre kg litre

500 210 21 0.5 0.5 26 0.6 0.11 2

700 129 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 0.9 48 1.1 0.17 3.0

(2) Outout oer hour ver man

is working rate is 21 labourers, 0,5 operztor «nd 0.5 assistant for a

lead of 500 m, 22 workers will produce 100 cubic metres pur day (7 hours).

100

1

Therefore, output per hour per ien is = 7" 0.65 mj’ similarly, for

other leads:

/Table
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liad ey ol unrkel . Sof ALILL P LWt el D
0 100 2, T nour: werzing o3/ hr/ran
500 22 Q.05
700 23 0,62
1000 20,2 0.5%
1500 25.4 0.56
2C00 27.6 0.52

{3) Unit cost

(a) Excavation and transportation uxpensces

With known wapges and unit price of materials, cxcavation and

transportation expenses, con ove worked out Irom the working rate as follows:

wage and unit price

Hanual labour L00 in yon

Cperztor 300 v

nssistant 00 n

Gasoline Lo per litre
dobile oil 150 ¢ per litre
Grease 130 ¢ per k; |

Gear oil 50 per liire

rxcevation and Lran_portation s4penses

Lead Excavation and transportation expenses for 100 m3 in yeﬁ
m Labour 'Cpcrai nssis- | Gaso-1 liobile' GressalGear ! Total ?EH/HB
: tor tent ' line | oil ' ; oil ¢

5000 800 | woo | 250 | wou |, 90 | 1 | 100! 9358 9l
700 2200 | 400 | 250 | 116 | 105 L1 | 15| 9203 98
1000| 9200 | 480 | 300 | 128 | 120 i 18 | 130 1037 104
2500 | 9600 | 560 | 350 | 148 ‘ 135 20 140, 10953 130
2000 | 10400 | 60 | 400 | 192 \ 165 ‘ 22 | 150 | 11969 120

/(b) ED(‘pU!‘ESL:s nn
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(b) Expenses on ripairs

(i) locerotive

agsuming econonical lifc of loconotive (7 toncg) is 9,000 working
hours, and total exuenues on revaire during cconomical 1life is 1,4 times the

purcnasc price unu purch:zc is 2.5 rillizn yen.

AVErage €Xpenscs o repairs ser hour will be zs follows:
2,500,000 x 1.8
7,000
de can pet output ser hour irom the table of working rate, For
instance, in cace of luid 500 m oucput per dzy is 210 mj_, so output per hour is
-?'-;‘-9— = 30 m3. Expunses on r-piirs per z:j thurefore ars 500/30 = 16.7 in yen,

similarly calculating for diffcrert leads:

Expenzes cn repelrs oer hour = = 500 yen

Lead 0\1?.131153]3_(:1‘ hour Expenscs on_repairs
m m /or Yen/)
500 30 16.7
700 27 18,5
1000 22.5 22,2
1500 19.4 22,8
2000 18 27.8

(ii) Truck, rail and slceper

faint  nance expenses of iruck may be taken as 3,000 in yen per yeur
per truck cnd for roil witn slecper as 3 per cent of purchase price per year,
with number of trucks as 20, and worked for 220 days in a year.

Total cxpenses for repairs of trucks will be 3000 x 20 = 60,000 in
ye,{ per year, HKail is 12 kg per metre and purchasc p:rice is 85,000 in yn per
ton. wcizht of rail and stecl sleeper, eic. will be calculstea as follows:

For a lead of 500 m reil length is 500 x 4 = 2,000 m (double track).
W2ieht of rail is 24 tons and sleeper etc. should weign 10 pur cent of weight of
raile. Weisht of rail and sleepor togethor will be 26.4 tons and its
cost wi:ll be 2,244 million yen. So expenses on repairs will be 2,244,000 x
0.03 = 67,320 in Jen. This may be taken 2s 70,000 in yen, calculating

similarly for other lecads, /Table
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Lead Rounses on meintenznee per year
m Truck Rail and Slewpers Torel in "t
500 60,900 70,000 130,000
790 60,000 90,000 150, 000
1,000 60,000 14,0, 000 200,000
1,500 €0, 000 200,000 260,000
2,000 £0, 000 270,000 330,000

Cutput per year is culculated from output per doy and number o working

days (220 days), so maintcnance expenses per m3 will be as follows:

Lead Output per day Output per ycar Teral ropairs Repair

i = mg expenses eXpenses
in Ten ven/m3
500 210 L6,200 130,000 2,8
700 189 L1,580 150,000 3.6
1,000 157 34,540 200,000 5.8
1,500 136 29,920 260,000 8.7
2,000 126 27,720 330,000 11.9

3

EXpenses on regairs per m
will be as follows:

for locomotive, truceks and rail together

Léad _ Ixnenses on repairs
Locoriotive i Truck, rail ana sleeper Total

m yen/m3 ' yen/m3 ven/n

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

/(c) Dcpreciation
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(c) Depreciation expenscs

(i) Loconotive

Assuming residuzl velue cs 10 per coent of purchase price, purchage
price as 2.5 oillicn inymund ccononical lii'e as 9,000 hours, depreciation
expenses per hour will be:

501 0 = i)
Depreciation cxocnses sur hchr:=2’)ao’goéog (1-0.1) 250 in yen.

. 3 i . :
Depreciation expences per m”™ [or different leads will be:

Lead Output.per hour Depreciation per m3
m m’/hr an/m
500 30 8.3
700 27 9.3

1,000 2245 131

1,500 19.4 12.9

2,000 18 13.9

(ii) Truck and rail

With purchase price of a truck as 130,000 in yen and number of
trucks as 20, and double track, purchase price of trucks will be 130,000 x 20 =
2,6 illion in yen and purchase price of rail ete, will be as already calculated
under repuir charges.

assuring this purcrace price deprcciates over 250,000 cubic metres (life

8 to 10 yuars).depreciation expenses per cubic metre will be:

Lead Purchase price in Jon Depreciation
m Trucks Hzll & Sleepers Totol e;ﬁg?ggs
2
500 2,600,000 2,244,000 4,844,000 l9.h—/
700 2,600,000 3,149,000 5,749,000 23
1,000 2,600,000 4,490,000 7,090,000 2B.4
1,500 2,600,000 6,730,000 9,330,000 373
2,000 2,600,000 8,980,000 11,580,000 L6.2
/Therefore,

. 250 p
1/ %=s.3

2 J{.,thiom - 1 ‘f
Y 250,000 Gt
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Therelor, depresistion expsascs “op o Ior lecc.otive, TrUCKS ~h
rcils will be as follows:
- s e 3 . 3
Lead - Depreciction cipinse per n Ten/m
I ! Locomotive Truck ond 2il Total
500 B3 19.4 <77
700 2.3 23 32.3
1,000 11.1 284 39.5
1,500 12.9 37.3 50.2
2,000 13.9 46.2 60.1

(d) Trensportution and administrction cxpenses

assuning transportation expensus ind adminisiration <xpenscs are

3 per cent and 20 per cent respscilively of unit cosu,
(e) Unit cost

ns the expenses on account of excavatlon, repzirs and depreciation

correspond to 77 per cent of urit cost, the unit cost will be:

Lead ‘ bagensoes per w yen/m3 Unit cost
yen/m3
n | (a) {b) (c) (a)r(o}r(c). | n
500 94 17.5 27.7 41,2 183;/
700 98 22.1 32.3 153.4 1G9
1,000 104 28.0 39.5 171.5 222
1,500 110 34.5 50,2 19L.7 253
2,000 120 39.7 . 6041 219.8 286

Thes¢ are illustrated on Groph 3, -

(a) = Excavation and tronsporting expensc per m3
{v) = Hepair charges per m
(¢) = Depreciation epenses per o

1 11,2

0.77 - 183
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