
END OF CONTRACT REPORT 

JANUARY 1975 

FEEDER ROAr PROJECT 

BY ROBERT li. BARTOLO 

ROAD ENGINEER 

VIHiOA/HAXISI SRDP 



ZD 	Or' CD?1TR¢T RtORT - VIFIOA/MAMISI SRDP 

LABOR INTENSIVE F-"DER ROAD PROJECT 

ROBERT H. BARTOLO, JANUARY, 1975 

This report documents the accomplishments of the feeder

road project over the two year perlo , January, 1973 -
January, 1975. rirst a brief background of the project is 
given, after which the manGement system and each of the
 
technical operations are discussed in detail.
 

I. Background.
 

A labor intensive road project was initially discussed
 
in the early SRP planning meetings in 1969 - 70. As the 
project design emerged, it enoorperuted the construction of
 
seven farm-to-market feeder roads, jotalinG 65 kilometers,
 
within.Vihiga -and Heii divisions. The specific objectives,
 
of the project were as follows:
 

1. 	Experiment with alternative techniques of labor
 
intensive road construction. The aim was to develop
 
least-cost systems of completing the various technical
 
operations necessary in the construotion process.
 

2. 	Through a concontration on labor-intensive methods,
 
create employment for residents of the local area.
 

3. 	Apply the labor intensive techniques developed in
 
Vihiga/Hamisi to feeder road construction of projects in
 
other heavily populated areas.
 

In the early planning period a request was made by the 
Government of Kenya to USAID for the latter to provide a 
road engineer who would be responsible for the technical 
planning and implementation supervision of the project. 
Due to :tnumerable delays in recruiting the engineer and 
to subsequent delays in aquiring the necessary commodities, 
e.G., hZnd toolt, tr',_,. construction of the roads did 
not commenre v," Lx 

From June, 1973 to the present 40 kilometer of the 
intended 65 kilometer have been worked on; approximatley
47 % of the entire project was complete by the beg;nnig
of 1975. 

A breakdown of work completed by location and specific
road is as follows: 

a) Tiri i (Boyani to Jeprok) - 62 per cent complete 

b) Tiri i (Muntatti - Kinu) - 0 " " 

a) S. Maragoll (Male - Magada) - 59 " " 9 

) o.Maragoli (Vihiga - - 82 " " 

e) So Maragoli (TiCoi - Angoys) - 70 " 

See the positioning of the roads on the map in attach­
sent 1, 



f) N. Maragoli (Mutsulyu- Viyalo) 

g) Z, Bunyore (4agada - Ebulonaa) 

-

-

53 per cent complete 

60 " " I 

h) ':, Bunyore (Ebulonga - Luanda) 

i) W. Bunyore (Luanda- Mmicho) 

- 0 

0 

" 

" 

" 

I, Project Results. 

In constructing rural feeder roas the following operations
must be carried out (see attachment 2 for the typical cross
section used in the construction of the proposed feeder

roads):
 

1. Clearing and Drubbing.
 

,) bush cutting
 

b) stump removal
 

c) grass and top soil removal
 

,') stone removal
 

e) tree removal
 

2. 	Earth Work.
 

a) preliminary grading (cutting and filling)
 

b) fin.l grading (aayping and ditching the road)
 

3. Drainge. 

a) laying culverts
 

b) bulding small bridges
 
4. Surfacing.
 

a) applying murram
 

b) rolling
 

3. Clean-up. 

In order to carry out these operations an Importantelement is effective management of labor; testing methods ofmobiliz:ng and managing labor thus became a central component
in the road experiment. 

A. Recruitment of Supervisory staff. 

Supervisory st-ff needed for the construction work
being 	undetoken includes overseers and headmen. 
The
qualiflc-tions of in
overseer can be su=.irI:od as followvt 
some knowleage of the techniQ:l operations involved in 
road uonstruction, atility to supervise a l.bor force


(includin" ability to deal with inter-personl relition­
ships) znd literacy in the lo.il dialect as well 3s in
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English. Note: the most important quil fication is the
 
second of thjese, i.e., nbility to supervise a labor force,
 
Given this ability technical skills can be t:uzht in a
 
short time. However, the converse is not true: some 
knowledge of technicl operations without the supervisory 
ability is not sufficient - the latter will be infin.tely 
more difficult to teach. 

The 	responsibilities of overseers include:
 

a) 	maintaining records of labor hired, e.g,, keeping
 
employment rolls for purposes of pyyinr vages;
 

b) 	tabulate informtion for and prepare daily progress
 
reports;
 

c) 	ostignirg to headmen-the_ necessary numbersof
 
laborers to accomplish designated tasks; und
 

d) 	seeing thzt the designated t.sks get carried out
 
in a specified time frame.
 

Headmen are primarily responsible for carrying out the
 
instructions of the overseers. As a result, they need 
many of the same qualific.tlons, thourh on balance their 
level of sophistication need not be as high. Of particular 
importance is the -tility to inspire a high level of 

it is the headmen who are
.productivity from the workers; 

continually with and directly supervise the labor force.
 

Experience to date in recruiting supervisory stfr
 
has been mixed,. Considerable difficulty has been cncountered
 
in hiring both overseers and headmen with sufficient
 
qualifications. The inter-action of three factors appears
 
to be the primary reaison for this difficulty:
 

the 	labor resource needed, highly skilled supervisors,
a) 

is in scarce supply throughout the courtry.
 

b) the wages offered (those comparable to MOVZ wages)
 
have not provided a striking economic incentive to
 
draw the scarce skills from alternztive employment,
 
and
 

a) 	the information concerning avnilable supervisory
 
employment in Vihiga/lamisi has had limited dissem­
ination. with wider dissemination more, better
 
trained individuals might have come forth.
 

The above information suggests two possible courses
 
of action in order to address this problc.1. One would
 
be to Improve the economic incentive aimed at drawing
 
scarce supervicory skills away from other employment.
 
The disadvantages of such an approach are obvious:
 
a)- while It might be effective for a small area such as
 
Vihig:, itcold not work on a country-wide basis, for 
the incre~sed economic rewurt would be the sine throughout 
the economy and no incentive woula exist for supervisory 
staff to be drjwn from one area to another, nnd b) while 
the activity to which the siilled labor is drawn might be 
benefited, that from which it is drawn would be hrt; 
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there miht be no net benefit to the economy. The other
 
pousible course would be to undertake intensive traininc
 
for the needed skills.
-I wholef ee ms the most 

mhi .
rA 

poah, for 
be 

the ecoom as 

B. Recruitment of Unskilled Labor. 

system for the recruitment )f l; bor was divised nd 
As 4 result, alternative
found to be relatively successful. 

approaches were not experimented with. .The system, discussed 
beloW, is tsed on two premises: that the locra, social 
and politic,%l system would be tfken into consideration in
 
its forul-%tion, ind selection of labcrers should be
 
random, ffvorini no special individuilo or groups. The
 
system is as follows:
 

a) the rods under construction re looated in five of
 
nd H:mlsi Divisions,
the six locations within Vihig% 


Laborers are chosen from the location where the
 
the roads
construction is teinC performed, e.g., 


inNorth L4aragoli :re constructed using l,4bor from
 
North Marneoli. This approach has two benefits:
 
it precludes ;ne necessity of establishing a 
labor camp and It spreads employment benefits
 
over a larger number of people,
 

b) the system of recruitinC labor has consisted of
 
informing the chiefs of each locnti$n that on a
 
des1inated day interested casual laborers could
 
come to the chief's center to rogister for possible
 
employment. During the first registrution an averae
 
of 300 c Adidutes appeared at otch of the five
 
locations,
 

a) laborers were chosen by the followinC random prooeeis
 
- 400 were written
In each location numbers between I 


on separate slips pr paper and the llps placed In 
a box. E3:h prospective employee picked a number
 
from the box and his name was placed on a master
 
list opposite his chosen n=be , The lists were
 
than given to the chiefs, and when laborers wre 
needed they would pick the ftint names on the list. 
For example, if in south 3L:ragoll a crew of 20 laborers 
were needed initially, numbers 1- 20 were chosen, 
Subsequent hirint involved selectS,gnmbers beginnn 
with 21 and proceeding dcr'n the list. 

d) before being hired, each laborer was presented with 
a statement of labor poliay which epecified the 
conditions of employment (e attachment,). 

C. The Management System. 

The following chart Indioates the line of staff 
authority which exist at present# 



_ i m w 


Road insineo' 

Overseer 

A c o
Drivers clerki un ts)
 

Lzborers L30orers 

Thkis unrom~eent stracturt seems 4prpie 

possessing elos thr tne needed ql11octions, the following
proble:4m have arlsent 

a) :struotions trar. tthe engineer to his sUfft hzve 
occassionally no% been carried out, tus slinrg
the work; 

0) Duae to lax labor supervision# the px'odiativityor
the ozisual lab~or has sometimes been low. 

?ihq system of laor management can be described as 
t02lowif up to o laborers be In the first operation
(bus o i ohen %Me havep 

o r orlaborers follows pertoraing the second 
operation (way. renoee). Subsequently third rourth 
*to. groups oll perform their respective assigned
operasti s. ho i Use first group o etpeos4Its 144o 

Wc) 


eeotr teasf.aoeTut procloA€3 kmetr)1va4ong the entire roado it y be, us** t begin a raw 
ohratt co noner%%ntnmnthof the road, or members 

0 e re.ir ) o:b 1:18 ro en rfeiT thyyooee 

Ttisystfr ocs~&l labor u#hs nb1A~ 
a, oart e .e 'tt.&PopOlSTte e e 

fro *.ftV os gtoatrt dIsstisfntion on tne partoflon oft. U~e appears wsomw laborers at &SAiNr~d. l&AMeentiet It e~lnmthit the 
T- it , -,er-to IO--O--MIO~dO
- ex.@tior.oqs--o--or oe1* rr;)) vaploysent tomo Irrespeo Oe"tive 

of the '&oro0s .tortrs t-,- the staff to saae thee enditlav 

I
 
I
C~l 


I 

mailto:ex.@tior


iq 

of casual I 'o,,r emoyment untstz~r, 

D. Technical Operations. 

Discused below'2re 1) the Inpqts needed for ech 
operation lite on page two ab,- 2nd 2) *he totul cost
of each operati.on. The laoor oupu igures are no
.iveraro for etioh tpor! tion of %he n;ork~ ccrrieo ovt in 
21. five looc.-tiofl thosae avorv4es are the best esti-3 %cs

which this project h s been ,tle to generate to date 
for pro3ectinc resoarce needs ir.the construction of 
labor intensive reader roaos,
 

1. Inputs 

a) Bush cuttine 

This oe4o nitsof'cutting the
existinZ cush vwitni1r the &meter right of 
way of the proposod feeder roads, Toole
 
required for this oper.tion are pangas

and one file, The Central system used has 
nt varied from one road to another; a crew 
of laborers is rreoad along both sides of 
the proposed roa:,, e.;ch mn being placed
X meter3 from the next. One labcrer clears 
the distance from the staroin point to the 
point where the next nesarest man to him 
ha., started. he then rotates ahead to the 
front of the crew to begin clearing a now 
sectio.. Tnis rotation continues until the 
entire lenetn of the proposed road is 
cleared, !ithin this Generul system several 
variutions have been tried. The objective
has been to determine 

- the optim.l distance which one headman 
can effectively supervise and, given
this,
 

- the distance between laborers wnich will 
assure maximum cost effectiveness. That 
is, too great a total distance cannot 
be supervised well, and it has been 
foind that lboorert placed too close 
together tend to eng.ee in excessive
conversation, thut bl vin the work& 
The range of optimal spacing of lubor
depends on the degree of supervision 
required in the operition, -nd ranges
between 20 to 30 metors. 

The conclusion with regard to busn cutting 
Is as follows one headman can supervise well 
approximately 200 meters of road at one time. 
The nos* ef*e*ctive distnce between laborers is
30 eters, Uting this ystem the followin
conclusions emerge: 

Optical Crewt I headmar and 14 laborers* 

Output (the average o6ti't. obtained using this 

http:operati.on
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system on diCerent rod segm0ents):
 

One laborer can out rn "vernue of 75 meters o:
 
bush per day alone one aide of the rod. One 
he.dMr. plus 14 Inborrs on therefort cut 
approxim.tely one kilometer of' bush in two 
d!ym 30 ..ne;9ys ire thus req-4i,od per i:ilometer,for this oper,,tion. 

Tools required: 14 r.-.nes, one file.
 

b) Stump Removal
 

This operation ontails removinii the stumps
of the bush cut Ir.oper',tion a, Tools 

required~~~~~~~nl~ hovoef.­;okae r 

The optim.l s;e- is toe same as bush 
outtinc. Thus:
 

optimal Crew: 1 noadmn and l4 laborers. 

Output: I loborer can remove stumps over
 
a distne of 1.,me ers per diy. One 
herdman plus 14 lA.orers can therefore 
complete .pproximtely I kilometer In 
3.5 days; approximately 53 zan days 
are thus required per Pilometer. 

Tools required: 14 mattocks, 5 axes, 
and 5 shovels. 

o) Orass and Top Soil Removal 

Tools used for the removal of grass and top
soil are 3embes, fork ombos and sniovels.
 
Initial diftioulty was encountered wher 
grass tended to ;row taok rapidly after 
th's operation was completed. The technique
used at thAt time as'to loosen the topsoil to a depth of approzitley 4"-4n
 

shake out the grass and roots. Several 
moditficaieons to this approach were tried 
and the ro'lowing was settled upon: dig
and throw out 4" or top soil, then 
loost-n ap proxiztzley 9 additional inches or 
soil, let dry and remove any r.taining 
rss or other unsuitible mAterial. To 
at# this approch has shown to be ts =st 

effective. 

The general system used in this oork Is, 
again, the same as in a und t above. 
However, the optietl e- and distance 
between laborers dif. irs. .aborers are 
pl, ced at each side oV the road. One laborer 
Is responslblIt for remvInr Crt ss 4nd to;
soil rrom his edre to tne center of th& 
road it.e., 4 mters. He can complete 20 
meters In one day. Since this operation
requires more careful supervision, experience
 



i:ndioate that one htzdmnn con C.$'ectively

supervise 150 metert, with laborers spread
 
1.0 metera apart. Therefore:
 

Optimal Crew: 2.headman rand 15 laborers,
 

Output: with one L.iborer oompleting 20
 
meters per day, the ibove crew can complete
 
opproxim,:tely one kilometer in 7 days.
 
Thus, 112 m3ndays are required per kilometer. 
Tools required: 15 jembes, 15 fork Jembes 
and 15 shovels,
 

One of the most diffttcult 2nd in some wvis
 
most interostin problems confronted thus
 
tar his boen the removal of *he large stones 
found in Vihi.a+ld flamisi Oivisions. Tools
 
required for this operation include crowbars,
 
shovels, 3embes. ;nd fork 3embes. Stones
 
within 12" of the top of the proposed road­
way mtt be removed. Sever4l methods to 
accomplish this huve been used.
 

- Small stones(l cubic mter and less) ­
di; the swone oat nd roll it from the
 
roadway.
 

- Stones larger than I cubic meter - if
 
the stone is 90A + above the surface of
 
the road "tfirst attempt is made'to dig
 
it out and roll it from the road. It
 
this is n t possible
 

- because It is too larre or more than 
10% burried - the folloing alterntive 
approaches are used: 

- dig a hole to one side of the stone
 
sufficiently large so that the stone
 
can be burredl
 

- after digging the hole attempt to 
aanualy push the stone into tne holel
 

- in those eases where stones hove been 
too large to be pushed manually the
following alternatives have been triedt
 

tying a rope around the #tone and 
pulling It with the use of a trunk. 
This has hod only a limited success. 

-..usinC m hydraulic 4.ack. sufricient
 
earth is removed from the side of

the stone opposite the hole so 
that 3 Jack can be wedged behind 
the stone. It Is then slowly 
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32oked (with the help of lotor-rs
 
to direct tile roll of the stone)

Qntil It falls into the hole. This

upproach has proven to be the most
 
successful,
 

-rackine stones by use of fire.
W'il 1s placed on top of tile stone
 
and L'irned. When the atone 
becomes
 
sufficiently hot, ,.ithor a sledge

hummer alone is used to ornoo it
 or it is first doused with cold
 
water and then h:mmered. This
 
metho4 is used generally on very

large stone3 of ahich a foot or 

The aver.ge :.,bor input used on trie
 
stones removed thas f-r is 6 man days per

stone. The incidence of rocks 
 of course,
wries greatly fro.m, place to piLce. Of
 
the 40 kilometers 
on which work has already

been undertaken no more th~n 5 have htd 
r significant outoroppine of rook. 
Over
this dist,+nce there were an 4verage of 30
 
stones per kilomoter. 
in order to determine
 
the labor input needed And tle cost per
kilometer of stone removal for any p..rticular

segment of road an assessment of the extent
 
of the rock outcrops must first be carried
 
out*
 

e) Tree Removal
 

Tools used for this operation Include axes,
 
mattocks, embes, shovels, and ." 
rope. Thus
for two methods have been tated.
 

- outtinC the tree down and only then removing
the stump by digging around its base and
cutting its roots, and
 

- tying a rope near the top of the tree,
digging around Its stump, cutting its
 
roots, and pulling the tree over.

method involves essontially only one 

This
 

operation and is the most cost effeotive.
 

On the average 2 man days are required per treewhen the second of, these two methods Is used. ASin the case of stones discussed above, the number
of trees per kilometer varies ertatly. On the
40 kilometers worked oi up to January, 1;#3 the uveruge
labor input used for tree removal t.s been 202
man days per kilometer, This input nut varied perkilometer froa zero to 403 zn 4.d¥ys. 

f) Preliminary Orading,
 

This operation consists of shaping the road
 



so that it is level over its width 4nd,
 
over its length, conforms to the grade
 
requirements of standir, VI roads of MOW.
 
To accomplish this requires a combination
 
of cuttine an filiirc alont, tho proposed
 
road. Tools needed re Jombes, fork Jembes,
 
shovels, ma*tocs, n wheelb4nrwow. The
 
eneral system used is the erp,, 4s that
 
ascribed for :a above. Headmen can adequotely
 

supervise 150 meters :it one time, and lborers
 
oan cut and fill arproximtely 10 motors per
 
d y. Due, .3s indioited in a above, to
 
the problems encountered when laborers %re
 
plaoed too close togother, a distinoo or 20
 
meters between laborers hns been ostcblished
 

ost insances 
as the most cot-cf~ective in .
 
(civer. the listance tnLt ? headcrn , n supervise).
The onl7 cses wlhe, this proceedure is not 
appropriate is hen tne cut and fill requires

moving large qualities of earth.
 

Optimal Crew: I headman and 15 laborers.
 

Output: with one laborer able to complete

approximitely 10 meters In out day, this 
crew can complete one kilometer in 1 
days. Ap!;roximately 224 mandays are thus
 
riquired per kilomoter,
 

Tools required: 15 jezbes, 15 fork jfzbes,
15 shovels, 15 mattocks, and 3 wheeicarrows. 

g) Final Oradini
 

Inclueod in this operation are shaping
 
and ditching the ro4d to its final form (as

is indicated in the cross section sketched
 
in attachment 2). The tools necessary include
 
jembes, torik jembos, shovels AnC wheelbarrows, 
plus trucks used to roll the road after ,shaping

Is completed, The system uled is identical 
to that described in f above, and thus the
 
optimal crew, output, tools required and labor
 
colts are the some. 

Ora.- a limited amount of work has been done 
on the subsequent operations listed as items
 
3- 5 on page two, and thus no hord'dota 
can be presented. However, 3nhs.Orietd r b s-seen leur~ed over t.he D.st yegr goncerning_
 

z-boce- ,y:tov. iatt which are more
 
ooeura o. qja tnose m: e , Ing gget can co
 

e.9FL~r.. o 9"the overAticne which
 

gre Yet to to ptrtoeo
 

- Layinc culvertst 

8 sen will tAke approximately 6 days to 
lay one culvert.
 

An average of 3 culverts art needed
 
per kilomete.
 

a 



Thereforo, 24 mer. will take 6 days per
kilometer or 162 n.nays per kilomOter. 

- ApplyinC.murram: 

Loadinc: 150 loads are required per kilbometer 
using 5 to' ruoks. 

297 mandays are required per k:ilometer Cor 
excavatine marram and lQoLdil trucks,. 

SpreadinC of murrai: 198 mr.-nMys par 

,ilm-ta:r'
 

Given the atove, avera-e estir-tes of tota. rndays ntedod 

and labor costs per kilometer can oi mude. 

Total mandays; 1.662 per kilometer. 

4 I 

4)
 

-I 



2. 	 CoSts,
 

a) Labor Coats
 

The labor costs component of total construction costs or
 
each constructlon oeration is jnowvr in the table below. The
 
labor input is based on the estimates given in the section above,
 

LABOR INPUT AND COSTS - BROKEN f

DO'*N BY CONSTRUCTID1 OPERATION 

LAB 	E ME E ANDAYS LABOR COST 
NOOF NO. OF REQUIRED PERKL*VMER,LABORERS HEAD14AN PER 

OPERATION-	 KILOMETER-

A. 	 Clearing and grub­
bing
 
4) Bush cutting 14 30 152/.
 
b)stump removal 14 1 53 269/.
 
a) Grass and top soil 

removal 15 1 112 567/a 
d) Stone removal 12 1 130 660/. 
t) Tree removal 14 1 202 1026/:, 

f) Preliminary
grading (cuttilnC 
and filling) 15 1224 i134/w 

s)Final grading

(shaping and 
ditching) 15 1 224 1 3/. 

C. 	 DRAINAGE 

h) Laying o4verts 8 1 162 828/a 

Do 8URFACIN1 NURRAM 

i)Loading 30 3 297" 1512/6 
) preading 20 2 98 1006/. 

Z. 	CLE LP 

mcile. 9 1 30 3/ 
TOTAL 1662 8443/6 

The 	 igurea r'#,.o In the table above for operation "a" thru
"g" are based on experience and on one and one half yoar. data 
gathering rrom actual rood building operationa, and operations
"h" thN I"l ar* realtstic estimates largely because over the past 
one and one h lt y ea:a considerable aas been learned concerning
labor product.*vity. 

Labor cost are based on the followings casual laborers paid
 
Shoo 3/. per day headmen paid She. 6/. per da),
 



thherot. olov o''
e +n .	 table Wll.,r4y.e,,e±r4 1a' Input An co--lt Vor the oomplition ot' '-,t,

of the proposal reeder roads i, Vihi /H4raisi R$P Roads
 
Project. Por details see attoohnent 4. 

BRIJIRED LB, 	 , 
 C"! "tr.'- 't 


FROPnS"D F.DER LOCATION T]DAY$ LAM 

.. OYANI - J."ROx T:RXI ,776.5 1,255/50 

Z...T'A.SI -	 6,64.8 '3,o771/00 

" MBAL - MAOA:A S. MARAOOLI 5,152.5 2E, 57/0 

V.l40A 	 S. XAXOOLI 2,87.5
 

5, TIO - ANOOYA S. AIAGOL7 	 being constructed by
 
M, O.V,. using h.*vy
 
equiment. See
 
conclusion 2 OA pae 16.
 

6. WJ-SULYU - VZYALO N. MAfAOOLI 
 5,496 28,008/
 

7. MAOADA - EBULONGA EAST BUNYORZ 5,702.1 29.056/30 

8. EBUL0110A - L'JAUZA '713T BVINORE 6,642.4 43,903/60 

9. LUNADA - MMICHO WEST BUNYORS 	 11.467.8 58,256/70 

TOTAL 	 49,774,.8 253,2l3/10
 

As of December 31, 1974, 29,626 mandays have been used onthe project, a total labor cost of'Cha. 262,780 or & 13, 1 9,
and from the table Aoove, 49,7748 =day.s of work remain Ir.order to complete no roads project by labor intensive ethods, 
or a l.abor cost of Shs. 253,213/10 or say at 12,660. 



If, beC.inrn J 4nuary , 1 75 

,- an average or 150 men are utilized per dnaY and 

- we ie '2C -ss ... : er y ir. then 150 mtn x 2­
days ,3,¢00 ml~days of work: car. O.Comtttod in on* 
ycar. 

Therefore, to complete the project, I.t will require
 
49,775 mondayst a00n4ndays per je r or I ye.tr and 6
 
months, commtnneun January 1, 1975.
 
b) S'JP-RV .SORY :..zrCO }T,. 

overseers, ly yC;-rB 

I Vler. (Accounts), 1' years 540 

2 DrverLs , 1 -years 1200 . 

Total £2620
 

c) r UIPMiLT OPLRA';IOI: CO':'r.
 

Cost of maintenance und operation for IT years of: 

2 diesel An:Ine lump truck# £2,700 

11rasoline encil jeep 900 

Total £3,600
 
d) COS OFM=TA
 

Constr,tlun mterials includeo 

oulverta, oonert, 3and, ballast, small bridges and 
isurraz.I 

Their cost. are as follows: 

oulverts (buildlin our own €lverts - material 
labor) £1,850 

sand ba lst and cement (for placing oiTlyrts 
at site$) tO 

small bridles (estimatsI) 5,000 

Total £20,100 

This gvorart estmate or men utuli:eo per y 1 mAosa to 
two ractors: 4) int relative ovwlability or aupervisory 
staff and L) the optl&.I lubor crews who the supervIsory 

manages4 staff can 
This t cre asss thii all murram required is purchAsed, 

but sne may possibly o- attained it Ito of worK. 



As notetd 3tovc, small tol SucII "3jes 
shovels, etC, are ro u4rto for the conptructior. 
of the roads: Local purcn e of these0=01.bl.io 

Imported .'ro-. the US an fina4noe with US;.Z, 

shovels
 

yieks
 

aeF 

2 dump trucs
 

calculator 
The total cost of tnese auteriuls is 

Shs. 250,00C/- or 

Total 


SUMMARY Or'PR=~C-6 4I:14XCI. L R.'XIREUDtMTS 
MOR COMPLNrz or0" 7Hr PROMrCT 

a. Cost of lnor for If years 


b. Local superviscry sta't for l ye.rs 


o. Equipment optraior. cost for 12 years 

d. Oost of constriction moterial 


a. Coaodities for Ii years 

,TOAL EXPT, 'TJ T Total 

a. Cost or loor tor l years 

be Local suprvtory stut for 11 years 

a. Equipmwt" opr;otir. cost for I-" years 

d Cost of construction material 

0. Cona OLtes for li years Tso
Total 


tr.:v ?1.re iot rot Inai&ad# the cost (C2,5 
com*1itior tri: wvr*t imported from~ the U.5, 

90%.i
 

c 12,50.) 

Z 13,t400 

£12,660
 

2,820
 

3,600 

20,100
 

£400,00 

Z 7,500 

1,200 

1,800
 

20260
 

Z3 

) or t 



TOTAL FIIVANCIAL CO.TS P)R TIMe LIN'.i FOJ'.;"T 

Financ!41 requirement for completion of the
proJect 	 z40,080
 

Total expen.,iture to rate 	 1..2 0 

Total £,53290 

Therefore; the tot:l cost per k lometer is: 

£53,290 Lf 5C.9 )Rilometer$7 a £1050.00 

!:I. Conclucions
 

The primary conluSior,3 ,Ot can .1-r-iwn f',om the roa! 
construction elfort bne summari:ed as below.. 

I. 	 Probatly thne sinele most irport:nt element In a 
successfal labor intenc4ve ro. project is tht quality
of the superviso.'y ct.rf. 

2, 	An accurate cost estimate of con.tructin roads usine
 
intensive lator tcnnilque: hts butr. establisned. At 
resent one roid in Vit.,C is beln' constructed uSn.C 
argo equipment. A comparison of costs between tnst 
tVo techniqueu will be made. 4t is the intention th:t 
the most cost cfective methols of constructing rural 
feeder r;)us ; vo e, litely methods th4at 
Incor)er,.te j c.:o-nation of l:bor intensive and 
capit, intensive techniques. 

3. The in-tial estimites of both lo-bor input and costs for 
the conrtruetion of the 65 kilometers of road were 
grossily underestim.4ted. This report reflects moro 
realistic eati- .ote, riven the quality of staff aind 
the techniluer asel, which can be utilized in planningr
similar roods constriction in other areas of the cointry. 

This fiture does not include the cost of one of the proposed
road that Is bein, constructed by capital intensive methods ani 
the costs for co nodties that were imported from the U.S. It 
is intended tr:t in tle end of proocct report details of all 
actual costs %ill ae shown.
 

7 
Initially the Pro:eet rat to include the construction of 65 

kilometers of rood. Over the past two and hall years the Kenya 
Tea Development Aithority his assumed responsibility for the 
construction of 4.pproximtely 7 kilometers and TiCol -Angoya 
roa4 in South Mararoll Is buinf constructed ty capital intnive 
zethod. Tnretore. proitet road lenrth has thus teen idjuated
00 4prlX1r71tclY '*.9 P.1lometers usir, labor intensive 

O~r~tru . ,;iti.,6 

http:Incor)er,.te


/9.7 

I 2. 	 It is hoped t e,4tteci4niqus leveloped in \'±hic car be utilize. in a numoer or aiverse ways, e.g,whntr tottlenec1s occur In the construction of roap
using equipment, more labor intensive methods mi4.ht 
be drawn upor. to overcome the problems. 

. 11,e rese.-roh needs to be done it, order to learn what 
typts of hard tools are most 	ef'fective in liborintensive constructizr. work:. 



ROA PIOO0A 

The lab orers employ)d uanl er the $ 3 e 
to unfers8tan the follownv: 

( ) 	They are casaw4 laborera.
 

(2) 	They will be paid on p.y day 5/- per d.y only for the 
any 	 they 4have-worko-1. 

(3) 	 P.:y day is the last day of the month. 

(4) A any's work is from 7;30 4.m. to 3:30 ;.=. (dura*or. 
of 8 hours ner day). Prtial days will be pid
 
icordInr*y.
 

(5) At any time the road work can be stopped ut the 
discretion of the Road rncineer. 

(6) The Road Ergineer (throurh the overseer or headman)
 

will dismiss any liborers whoare not fit for the job
 
(produce poor work, drunk or. the job, trouble mkcr,
 
etc.).
 

(7) Anyone dimissed from the job will be followed-up

by a 	 memo to the Cnief of that particalr location. 

(8) 	Laborers have no authority to replce their poltLiorn
 
with other laborers,
 



Hnnisi 5RI? R;o idTro eot are shown bolowl 

A. Clearing ant
 

b, Z,,rth wor'k "ior'k completedi
 

) pr.-Adinc 1089 -


As Clearine n 
2o rON 1. - 91P,1,, (T"'M LOcM.OZ0i) .=:GT 4.0 Kiloz.1 

ConotrPuctior. " thle rood h~s not botn start*,..
Therefore, asine tn¢ fituras hon oh; the tubl%, an We 1.2, 

Total malndaye rejuiredt 4 x 1662 a 6648
 

and grubbinc Vork :ompleted
 
B. tarth work !'fork oompleted
 

C. Drainare 1215 6210/-


D. Suoacing
(Mu.rra)
 

1) Loading 2227,51 5040/­

,t)spreading 1LU5 7,560!-


Tot 7. 125/V
 



Attaohment 4 or.t. 
4. 	 VIK10A M-}I I ( O T L , O O T O( E O 7,5 K.1. 

A, 	Clering

and grubbing W'or, completed
 

Ei, 	 T'ork completed£arth work 


C. 	 Dranart Work eonpleted 

Do 	 Surfaoing
(murram)
 

1) Loadine 1633. 	 816/­

4) $pre.dinr 	 5544/-

E. 	Clean up 165 811/50 

Total 2887.5 	 14701/50 

5. 	 TIOOI - ANUOYA (SOUTH .kRAGOLI LOC TION) 

T.ms roud is beine constructed by capital intens e'.
 
methods - set conclusion 2 on pce IV'.
 

Costine for thit proposed feeder r.d io not available
 
at present.
 

6. 	 4'JTS.?-YU - VIYALO, (NORTH :."ARAGOLZ LOCATIONI) LX-N0TH: 8.C i. 

A. 	Clearing
 

and grubbing Work completed
 

B. 	 Earth work Work completed 

C. 	 Drainage 129 6624/-

D. 	 Surfocing
(murram) 

1)Loading 2376 12096/­

3) spreading 1584 8064/.-

S. 	Clean up 240 1224/-

Total 5496 	 28008/­



At.tohment 4 oont. 

7, ,4AGADA B2LONOA (.'; PUT RE LOC.TION) LENOTH: 8.3 1 il. 

OPrUTIO : 

A. Clearing and 

grubbing 

B. E,4rth worX 

0, Drainage 
), Surfacing 

,.±NDAYS REZUITIED 

Work completed 

W~ork oomplettsd 

1344.6 

LABOR COLT 

6672,14 

i) Loading 

J) Spreodin 

Z. Clean- up -4-269. 

2465.1 

1643.4 

12549.6 

8366.4 

Total 5702.1 29058.3 

. 

9. 

1BLOuoA - LUADA (* *T BU.O.YCO LOCATION) LEROTH: 5.2 1'il. 
Conrtruction or this road h a not been started. 

Therefore usine thn f'igures shown in thfj table on paCe 12, 

Total mandcys req4ired 1 5.2 x 1662 a 864.. 

Tot4. labor cost : 5.2 x 8&43/- a 43,903/60 
LUANDA - MMICHO ('CST BUINORE LOCATION) LENOTH: 6.9 Kil. 

Construction of this road h~e not been started. 
Therefore using the figures shown in the table on pare 12, 

Total mandays required : 6.9 x 1662 a 11467.8 

Total labor cost , 6.9 x 8"3/-. 58,256/70 
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