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PC-I PROFORMAUSAID ROAD RESOURCES MANAGEMENT PROJECT
 

PART ' A ' 
Project Diqe% 

1. Name of Project: US AID Roads Resources 
Management Project 

2. Authorities 
Responsible for:
 

i) Sponsoring: Ministry of Local Government 
and Rural Development, 
Government of Pakistan, 
Islamiabad. 

United States Agency for

International Development. 
(US AID) 

ii) Execution: Government of Sind (GOS)/
Provincial LGRD Department. 

iii) Operation and 
 Sind District Councils/
Mai ntenance: Authorities. 
3. Time required for completion 72 Months
 

of project (in months)
 

4. Plan Provision
 

The Sixth Five Year Plan 
(1983-88) lays heavy emphasis on the
development of 
the rural sector. 
 The five point
Econcmic Development Programme announced 
Social and 

1986 in line with the 
by the Prime Minister inSixth Five Year Plan, includes development
of rural roads as a priority sub-sector. 

As part of the economic assistanceGovernment of Pakistan agreement existing between(GOP) and the U.S.$ Gcvernment, an amcunt43 million of(Rs. 731.00 million) have beenproject. allocated to fundRs. 264.588 thisMillion (Equivalent of 
$15.564 Million) is
being provided by GOP in the form of already available staff
etc. The Project Cost timeis estimated 
 at $ 58.56 millicn Or Rs.
995.59 million. 

Assumed Currency Exchange rate 
US $1 = Pak Rs. 17. 00 
Note: The total project cost 
 as cleared by
meeting held concept committeeon 30th January 1987
including F.E.C. was Rs. 936.960 million
Rs. 246.40 million based
rate of US $ 1 w Pak Rs. 

at currency exchange

16.00 Prevailing at 
the time of the
meeting. saidUSAID commitment of US $ 43.0 million remains firmed up. 
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The Federal Ministry of Finance and Economic Affairs,
Governrment of Pakistan communicated its formal approval to USAID 
vide Secretary Economic Affairs Division's letter No.I(16)US-I/83,
dated 20th July, 1986, stating that the Government of Pakistan 
recognises the necessity of placing maintenance ahead of expanding
the rural roads network in order to preserve investments in the 
existing network. The US AID response was communicated vide 
Director US AID office Islamabad dated August 3rd, 1986, whereupon
the subsequent act ions are initiated. 

The Government of Pakistan (GOP) and Government of Sind (GOS)
have assured the United States Government of their full 
co-operat ion in carrying out the project. Necessary inputs
required from GOP are being provided to expedite the project. 

The project is focused in the province of Sind where 
Government officials est imat e that 75 % of the officially
recognised villages and ricore than 90 . o2f' L l villages__-_ ± aue 
even a katcha (earthen) road coinei, n. This reduced access to 
mar goods er causes a general ly slower 
integration of the remote areas irto the national econory and is a 
major factor for the poor socio-econromic corditions in the rural 
areas of Sind.
 

A Project Paper was forrnulated by USAID and was presented to
the Concept Clearance Comriittee through MLGRD, and concept
clearance was accorded to this Project on January 30th 1986, by
the comrmiittee, chaired by Secretary General, Planning Commission,
conveyed vide letter no: 7(6) DA/PC/83-FA dated 11th February 1986 
recognising the need of the project on a pilot basis. The projject
agreement between GOP and USAID is under finalization and will be 
considered part of this PC-I. 

5. Relationship of the Project with the Objectives of the Sector. 

Pakistan has a land area of 804,000 sq KM and a population of 
93 million (mid 1984) of which over 70 per cent live in the rural 
areas. Agriculture (including livestock, fisheries and forestry) 
accounts for 30 per cent of the Gross Domestic Product (GDP). It 
employs 35 per cent of the labour force, and 
is the main source of
 
income for most rural households. 

At the time the Sixth Five-Year Plan was prepared in 1983,

Pakis:an had 
a total of about 87.7 thousand KM of provincial rural
 
roads of which 28.5 thousand KM were paved and the remaining two 
thirds were gravel, brick-soled or earthen katcha roads. The rural 
roads thus accounted for approximately 80 per cent of the total 
national road system of about 113 thousand KM. 

At present road resources are inadequately managed in 
Pakistan due to various constraints, while at all levels-national, 
provincial and district, a need for more and better roads is 
recognised. Due to financial constraints very little expansion of 
the rural road system is taking place, because the implementing 
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agencies use 
 nearly all their resources to keep the existing
system operational. There is an absence of adequate routirie and
periodic maintenance, which is causing a 
 rapid deterioration of
 
even existing roads.
 

The inadequacies of the road system have resulted in higher
transport costs that are reflected in the economy. Notable effects are seen in higher prices for agriculture inputs and promducts,
serious constraints on the delivery of agricultural inputs and themarketing of produce. There is a dire need to facilitate movementof inputs to farmlands for a sustained increase in food 
prod uct icn. 

Again the provision of health and educational services to therural population is severely hampered because doctors and teachers 
are reluctant to serve in isolated areas without required physical 
amen it ies. 

It is therefore established that in order to trigger offsignificant social and economic change in the rural areas,transportation infrastructure will have to be adequately improved,
strengthened and maintained with utrmost urgency. 

The purposes of the project are to (1) Establish amaintainable rural roads system in Sind and (2) Identify thepol icy, mariagement and financial reforms needed to sustainmaintainable national and provincial road systems. The objectives
of the project shall be achieved through a combinat ion of
construction activities, technical assistance, training and 
equipment support. 

This project also augments and supports the Asian Development
Bank financed Farm-to-Market Roads project, and 
 the Prime
Minister's manifesto for rural rcads as shcwn in Table 1. 

6. Cost of the Pro.ject. (Rs. Million) 
F.E.C L.C
 

US AID 261.8 469.2
 

Government of Pakistan 
 --- 264.6 * 

Total 
 Rs. 995.59 Million
 

or $58.56 Million (@ $1 US = Pak Rs. 17.00) 

in the form of already available staff time, etc. 

Note: Total project cost as cleared by the concept clearance
committee meeting held on 30th of January 1986 was Rs. 939. 960million including F.E.C. Rs. 246.40 million based at currencyexchange rate of US $ 1 = Pak Rs. 16.00 prevailing at the time ofthe said meeting. USAID commitment of US $ 43.0 million remains 
firmed up. 



TABLE 1 

UPAL ROADS - PAY,] STAN 

(Rjsical) 

(In"f.u ) 

Position I.'(. y.ic.1 4 .Estiaed TargetsS .:,scriptOn of ,r ~ 3 9 3ov...Esimae/oad._?s sL. sL-3tAc~hi_S6) 0. _p .' 

Roads 3 
8 ICoIS.6 7 .986-90 

3. -5. . - . - ..... . .7 ______ " _ 

i. PU.JAB 3,211 34,901 3,766 2,53.0 2,800 5, O 3,958 

2. SI 28,6 3 24,073 106 72 !00 
 172 1,382
 

3. 1Th.Tj 13,2 9 12, Q90 1,6)5 1,077 1,200 2,277 2,472 

4. D'I ST.N 22,3%6 21,S35 241 !6o 200 360 3,930 

5. A.K. 3,163 3,163 N.A N.A N.A N.A N.A 
6. !iU[a',A{ "URS 2,129 2,129 N.A NA N.A N.A N.A 
7. In7A 2,4-12 2,442 N.A 1.A N.A N.A N.A 

Ttal 1]I,313 . 131,433 5,72S 3,819 4,300 8,119 11,712 

. Track links not included 

2. igh TIp roads around 42 vercent 

3. } cudinr ?unici~pl Ccmnittec/Corp. Pnads 

4. As per informtion obtained frCXn the ProVjnCes 

Source: FURC 
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7. Annual Recurring Expenditure.
 

Paved Roads Rs. 0.022 Million/KM.
 
Shingle Roads 
Rs. 0.031 Million/KM.
 
Katcha Roads Rs. 0.008 Million/KM.
 

Details are shown at 
para 17 of Part 'B'
 

8. Objectives of the Prolect Preferably in 
Quantitative Terms.
 

A. 	 Overview of Project Inputs:
 

The main inputs in support of the project may be 
 summarised
 
as follows:
 

i) 	 Construction: Reconstruct or repair 
 approximately 644
 
kilometres of paved roads, upgrade approximately 97 Kilometers 
to
 
paved status and build 564 kilometres of improved katcha roads 
(or
 
up to 3462 kilometers of minimal 
access roads).
 

ii) Commodities: Provision of an equipment component to carry out

routine maintenance. Establish a maintenance equipment and support
 
pool.
 

iii) 	Technical services: Maintenance Planning; 
 Road System

Improvement programme; Highway Policy 
 and Finance component; in­
country training.
 

iv) 	 Training: Short-term in country 
training for provincial and
 
district personnel; Study tours for 
 senior personnel; long-term

training in Transport and Financial Management.
 

v) Project operations: Operation of project offices in MLGRD and

Sind LGRD divisions, road inventories in additional districts and
 
project evaluations.
 

B. National and Provincial Roads Policy Proramme
 

The project provides a programme of policy analysis 
and
 
training. The analysis will focus on:
 

1) Roads development policy.
 

2) Identification 
 of 	 the 
 financial and institutional
 
improvements needed 
to implement development of the road
 
system consistent with Pakistan's needs 
and resources.
 

3) Developing a 
master plan for the Sind provincial network.
 

C. 	 Rural Roads Programme
 

The project will improve 
 the system of planning and
 
investment at the provincial/district level 
where Pakistan's rural
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roads 
are managed. The rural roads programme is being implemented
 
on a pilot basis in the 
 13 rural districts of Sind Province. The
 
programme's three sub-components are as follows:
 

i) Road Maintenance Programming
 

Training and technical assistance will be provided to
 
district council staff (including district engineers), and
 
provincial pt-?rsonnel to increase: awareness of the role of
 
maintenance in maximising road service capacity, understanding of
 
basic maintenance principles and knowledge and use of 
 techniques
 
for planning; and, programming and monitoring rural roads
 
maintenance and expansion activities.
 

ii) Road Maintenance and Manaqement System
 

District Council Offices in Sind will receive assistance
 
including intensive technical assistance, training and road
 
maintenance equipment to enable them to Maintenance
establish a 

Management System capable of 
 adequately maintaining their road
 
network.
 

iii) Road System Improvement
 

The rural road system will be upgraded to an acceptable

technical standard to allow for efficient maintenance practices on
 
the paved road network and priority sections of the remaining
 
all-weather system. In some districts the katcha access 
network
 
will also be expanded to serve villages now without a road.
 

It is estimated that upon completion of the project in 1992,
 
there will be 1127 kilometres of maintained paved roads and 22540
 
kilometres of relatively unmaintair'd katcha roads.
 

Prepared by: 	 Associated Consultancy Center (Pvt) Ltd. in
 
consultation with MLGRD (FRDEC), GOS and USAID.
 

Checked by:
 

Approved by:
 



PART *B' 

PROJECT DESCRIPTION AND FINANCING
 

9A. Location of the Pro.iect 

The Indus Plains in Sind Province consist of sand, silt 
 and
 
clay alluviums hundreds to thousands of feet over their old
sedimentary rocks. Existing vegetation consists of hardy grasses,
bushes and scrub trees. Average rainfall is generally less than 10 
inches per year. 

The rural roads programme and the planning and training phase
of the project will be implemented on a pilot basis in the
thirteen districts of Sind Province (Figures 1 arid 1. 1). 

The key element of the programme is the irlplerentat ion /improvement of a Management System in the district engineering
offices. A Road Maintenance Unit, with trained staff, equipment
and other assistance will be established in each district.
 

There are 13 district councils in Sind with jurisdiction over
the rural areas. Hyderabad arid Sukkur Divisions each have six
councils and one council exists to serve the needs of Karachi
Division's 250,000 rural residents. Figure 2 shows the urban/rural
population distribution pattern in the Sind. 

Sind is essentially rural and agriculture in character. Fifty

seven per cent of the population is rural, living in 
 67,000
settlements. The populaticn is concentrated in the irrigated areas
along the Indus, although 20 per cent of the rural population
lives in the arid zone to the east where the Indus Valley
gradually shades into the Thar Desert. 

Rural roads are accorded a high priority by the rural 
population at 
all income levels in Pakistan. In a recent Gallop
Poll conducted at the time of the 1985 elections, 22 per cent of
the 10,000 rural voters polled identified "none or broken roads" 
as their main arid first priority for action. This level greatlyexceeded that of any other problem including power (14%), water 
(12%), health facilities (11%) and schools (10%). 

The above priority was confirmed by officials at all 
 levels

of the Sind Provincial Gcvernment, who emphasise that improved
communications are the first priority for rural development in the 
Sind province. 

Presently the villagers, lacking a road 
 link are unable to

gain access to health services, schools and socialother services
clustered in the larger population centres. The Governmrent's 
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Figure 2
 

POPULATION DISTRIBUTION PATTERN IN THE PROVINCE OF SIND (000)
 

Sind
 

Karachi East 


Karachi South 


Karachi West 


Khairpur 


Larkana 

Nawabshah 

Dadu 


Sanghar 


Tharparkar 


Badin 


Thatta 


Shikarpur 


Sukkur 

Hyderabad 


Jacobabad 


Urban Rural Total
 

1,697 188 1,885
 

1,396 -- 1,396
 

2,114 42 2,156
 

247 734 981
 

256 882 1, 138
 

266 i, 381 1,647
 

152 925 1,077
 

198 725 923
 

257 1,245 1,502
 

82 694 777
 

73 688 761
 

115 505 620
 

319 779 1,098
 

911 1,143 2,054
 

158 854 1,012
 

Total 8,241 10,785 19,027
 

Source: 1981 Census 
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ability to bring these services to the villagers is also greatly 
reduced by the lack of a road. It has been experienced that it is 
practically irmpossible to post trained personnel in Iocat icns 
without a reliable road connection. 

It is estimated that only about 26,000 of the Sind Province's 
67,000 settlements are officially recognised villages. These 
typically have a population in the range of 1500-3000 inhabitants. 
The remaining settlements are villages that have not yet been 
given official sanction or are unauthorised hari settlements. 

Even officially sanctioned villages are seriously lacking in 
social services including roads as well as basic utilities such as 
water, sewer and electricity arid social facilities such as medical 
centres and schools. Provincial officials estimate that perhaps 25 
per cent of the sanctioned villaqes are served by a road arid 
virtually ncne of the other villages. In Jacobabad District for 
example, the Sixth Five Year Plan indicates that nc, village has 
sewerage arid the few water systems are in the form of hand pumps. 
None have house connections or comrunity water systems of a mrodern 
planned system level. 

An improverment in the road system is also linked to a drcp in 
the cost of transportation services used primarily by the low­
i ncome populat icon. In a recent ADB study on rural roads, 
calculations of the econonlic costs of bus, pick-up and tonga 
services concluded that the actual fares are quite close to the 
economic levels arid thus that "fares on most routes are 
competitive and set con the basis of short run marginal costs. " 

Therefore it can be expected that fares will fall and the cost of 
passenger services reduced with prcvision of project benefits. 

10.A Exist inQ Facilities
 

D( scriprticon of Road System 

The 1980 fiqures for national arid provincial roads, broken 
down by province and type, and expressed in kilometres are as 
follows: 

PROVINCE UNPAVED PAVED TOTAL 
Punjab 172 11,583 11,755 
Sind 1,975 5,997 7,972 
NWFP 3,700 3,543 7,243 
Baluchistan 8,841 3,019 11,860 

TOTALS 14,688 24,142 38,830
 

Source: NrRC, Planning Commission
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Roads under the jurisdiction of the district councils; broken

down in the same 
manner and expressed in kilometres, have the
 
following totals:
 

PROVINCE UNPAVED 
 PAVED TOTAL
 
Punjab 16,823 
 3,856 20,679

Sind 13,172 
 193 13,365
 
NWFP 3,871 178 
 4,049

Baluchistan 4,596 
 99 4,695
 

TOTALS 38,462 
 4,326 42,788
 

Source: NTRC, Planning Commission
 

A large portion of the rural 
 road network consists

essentially of tracks that 
 have been widened and built up but

without proper alignment and other design considerations. They are

rapidly deteriorating and 
 have become unusable, causing the
vehicle operating costs to be very of
high and thus the majority

the population is not able to contribute to the national economy.
 

Road lengths under 
 maintenance responsibility of Sind

district councils 
 are shown in 
 Table 2. The total lengths of
existing metalled, brick paved and katcha roads 
are shown in Table
 
3. Table 4 indicates the main and link roads.
 

Sampling
 

An inventory of rural roads under 
all district councils in
Sind is shown in Annexure 1. However very systematic and detailed
 
data for road conditions, rehabilitation work requirements,

traffic counts, etc., was available for the three sample

districts of Sukkur, Shikarpur and Jacobabad only. This data

indexed with conditions 

was
 
in other districts and projections made


for all districts in Sind. Most of 
 the bitumi.nous-treated (and

pre-mix) and brick paved roads in the inventory are in fairly good

condition. However, road
all shoulders 
need to be fully

rehabilitated and stabilised. 
Because of the instability of the
shoulders on the brick paved roads, the bricks along the edges are

getting dislodged. Since this work 
 will require new material and
 
major equipment, it is treated as rehabilitation.
 

The relatively few miles of existing gravel roads are not 
 in
 a maintainable condition. These 
roads have built
been with

uncrushed, ungraded river gravels placed 
on an earthen base. Light

compaction equipment have been 
used. The existing material could
 
serve as a base course if deeply scarified, reshaped to a proper

crown and thoroughly compacted. A 4" compacted layer of well
graded (1" max) crushed rock 
could then be applied which would

give a long lasting and maintainable surface. These are provincial

felt needs and are subject to further improved designing.
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Table 2 

ROAD LENGTH UNDER MAINTENANCE
 
RESPONSIBILTY OF SIND DISTRICT COUNCILS
 

YEAR 1980
 
(IN ROUNDED KILOMETRES)
 

Low Type High Type
 

Earth Gravel Totals Up 12'1" Over 
to to 18' 
12' 18' Totals 

District 

Jacobabad 1157 0 1157 0 0 0 0 
Larkar, 640 4() 680 9 C) C) 9 
Shikarpur 404 14 418 5 C) 0 5 
Su ! kur 1500 64 1564 25 0 C 25 
Khairpur 600 26 626 7 0 0 7 
Nawabshah 1086 20 2006 36 C) 0 36 
Dadu 1474 0 1474 19 0 0 19 
Hyderabad 459 C) 459 0 48 0 48 
Sanghar 1802 49 1851 26 C) 0 26 
Thatta 198 0 198 6 0 0 6 
Badin 566 0 566 0 0 0 0 
Tharparkur 3066 8 3074 13 C) 0 13 
Karachi East 243 0 243 94 C) 0 94 
Karachi West 0 0 0 - . . 

Karachi South 0 C) 0. . .. 

Sub-Tctals 13195 221 13416 240 48 0 288
 

Source: FRDEC / USAID 
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Table
 
LENGTH OF ALL KINDS OF ROADS (METALLED,EARTH BRICK PAVED ANDWORK) IN ALL DISTRICT Cn-iNCILS OF SIND PROVINCE
 

Type of Road
 
Metalled 


Name of Dist-

rict Council 

Brick Paved 
KM 

Earth Work 
in KM 

Total Length 
of Roads in 

Jacobabad 13.5 3.8 606.0 

each District 
Council1 

623.3 
Sh i karpuir 12. 0 5.0 547.0 564.0 

Khairpur 

Sarghar 

12.0 

19.0 

25.0 

83.0 

5.0 

1221.0 

110.0 

1316.0 

134. 0 

Nawabshah 
83.4 

__ 

41.7 

1923.0 

1241.78 

1948.0 

1366.88 

Hyderabad 

Tharparkar 
44.0 

21.0 
8.5 113.2 165.7 

Badir, 

Thatta 

Dadu 

Larkana 

Karachi 

18.0 

20.0 

35.0 

35.0 

95.0 

__ 

23.0 

_205.0 

10.0 

11.0 

_242. 

4783.0 

272.0 

1513.0 

595. 0 

4804.0 

313.0 

22.C 

1558.0 

641.0 

337.0 

Totals: 
 433.0 
 191.0 
 13372.0 
 13996.0 KM
Source: GOS 
(vide letter NO: 
RD/DIR(TECH)1­
6 4 /8 6,/3181 dtd:


18/11/86)
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Table 4 

TOTAL LENGTH OF EXISTING METALLED, BRICK PAVED AND KATCHA ROADS
 
IN SIND PROVINCE
 

1. Total Metalled Roads 

a) Main Roads ------------ 189 KM 
b) Link Roads ------------ 245 KM 

Total ----------------------- 434 KM 

2. Total Brick Paved Roads 

a) Main Roads 
b) Link Roads 

-----------­
----------­-­

37 
154 

KM 
KM 

Total ----------------------- 191 KM 

3. Total Katcha Roads 

a) Main Roads 
b) Link Roads 

----------­
----------­

7673 
5699 

KM 
KM 

Total -------------------------- 13372 KM 

Grand Total: -------------------- 13997 KM 
For all 	 types of Roads (Main and Link) 

Source: 	GOS (vide letter no: RD./DIR(TECH)1-64/86/3181
 
dtd: 18/11/86)
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Currently the katcha (earthen) roads are all made of side 
borrow using farm tractors and ro compaction is done. This has 
resulted in deterioration of major portions of the roads, to the 
extent that light vehicles cannot pass. However, most of the 
format io ns are stable and can be salvaged. The specific 
engineering requirements will be developed with the technical 
services teams' input of the project. Typical cross sections of 
existing Katcha link, Katcha main, Brick paved and Metalled roads 
are shown in figures 3, 4 and 5.
 

10. B Present Maintenance Practices 

Presently road maintenance practices consist of periodic 
resurfacing of paved roads, clearing and reopening roads after 
flooding etc. Work gangs also engage in minor repair work like 
patching, repair of shoulders, cleaning and repairing of drainage 
structures. The major portion of available funds is spent on work 
of nori-riain tenance nature which includes paving of earthen :or 
gravel roads and even new construction. 

Natioral arid Pro,vinicial Roads 

The National Highway Board has defined the following riaintenarce 
activities:
 

Rout i re: 	 Repair of potholes, structures, shoulders, 
retaining walls; repair/replacement of kiloretre 
stores, paint ing arid post ing road signs, 
whitewashing boundary pillars; maintenance of tools 
arid plant/workshop; arid maintenance of railway 
crossings/rest houses. 

Periodic: 	 Resurfacing (single, double or triple 
biturm irious treatment). 

Emergency: 	 Clearing of slide, flood and snow debris.
 

Due to resource constraints, only periodic arid emergency work 
can be done con a regular basis. Resurfacing work is dcne by 
contractors because the prcovincial departments are riot fully 
equipped to handle the work themselves. The province does have 
it's own work-gangs, but these are equipped with only the most 
basic hand-tools. This results in poor standard of work. 

The resurfacing programme for national roads has set the 
target of resurfaCing all roads every five years but the 
deteriorat ion rate is much higher, and more effort will have to be 
made to prevent the roads from getting worse. Mere bituminous 
treatrent will not perhaps suffice. An overlay of asphalt corcrete 
may be corsidered which will cost more initially but the recurrent 
costs may be considerably lower. 

The provincial C & W Departriment also maintains the provincial 
roads, but due to paucity of funds these roads receive scant 
attention corpared to the national roads network. 
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TYPICAL CROSS SECTION OF 
EXISTING BRICK PAVED ROADS 

(12-O"W IDE) PIT SAND 
67 

BRICK FLOORING (ON EDGE) 
BRICKS (ix4'/ 1 3) BURNT 
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\~MAIN 4'T06'/ • ". . .. "' . . --. " ., " . j 

NOTE - BRICK PAVED ROADS ARE GENERALLY 12-0 WIDE IN MAIN 9 LINK ROADS. 
BERMS ARE GENERALLY 3-0 WIDE IN LINK ROADS B6-0 IN MAIN ROADS. 

FIG. 4 Source: GOS (vide letter no.RD/DIR(TECH)1-64/86/318ldtd.1!8/11/86)
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dtd.18/11/86)
 



20
 

Maintenance of almost all district roads is done by the
 
District Councils, including construction work. LGRD is also 
involved in maintenance work. The districts own some equipment 
like dozers, asphalt heaters, rollers etc., but they are very few. 
The districts do not have permanant work gangs due to shortages of 
funds and hire labour on daily basis. The districts lack even
 
rudimentary tools like, hand-operated asphalt sprayers, and 
compacters. None of the districts have facilities for servicing 
and repair of equipment. Equipment has to be taken to the 
agriculture departments' or to other private workshops for medium 
or higher level repairs.
 

There is no patterned management syster applied wherein work 
activities are programrimed, scheduled, accomiplished and reported 
upon. Without such a system, there is no control over maintenance
 
work 	 and no basis fror, which to develop future resource needs. 

lo C. Technical AnaIysis of ExistinR Maintenance Practices 

An intimate technical analysis carried out for the design of 
this project reached conclusic'ns: 

i) 	 The district ergineers can benefit fror further professional 
training and experience in order to carry out a sound program 
of road c-nstruction and maintenance. They are presently 
constrained by lack of funds, perrsonnel, equipment and other 
non-technical constraints.
 

ii) 	 The current low standard cof road construct ion methodology 
makes cost-effective maintenance difficult on rural roads.
 

iii) 	If further training and technical support are provided to the 
existing systermi, construction and maintenance of rural roads 
to a 	 higher standard can be accomplished. The current systems 
for planning, design, contracting, and supervising the work
 
hardly promote completion of rcad works to the necessary 
standards. Imiprovements in these systems will require 
training and reorientation for both district personnel and 
private contractors, and an addition to the staff and
 
equipment pool presently available to them. As an example the 
current strength of technical enginnering staff is shown in
 
Table 5.
 

iv) 	 Equi prmient arid other inputs needed for road works are 
generally available except for heavy equipment, but better
 
maintenance facilities have to be provided. 

v) 	 The current rmix of labor and machinery is highly labor­
intensive and appropriate, but certain cperations, such as 
compacting should be carried out on a semi-mechannized basis. 

vi) 	 Major portion of the work to be perfcormed under the prcoject 
deals with existing roadways, where only minor corrections of 
alignments are necessary. This does not pose any technical 
problems. 
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TABLE - 5 

STATEMENT SHOWING STPRENGTH OF TECHNICAL 
ENGINEERING STAFF IN RURAL DEVELOP.ENT 
DEPARTMENT AND DISTRICT COUNCILS IN SIND 

The present set-up of Technical Staff
 

(Civil Engineers) in Rural Development Department­

and Local Government is as under:-


A. RURAL DEVELOIMENT DEPARTMENT 

1. i) Director (Tech) 1 Cn Sind Level 
(Superintending Engineer) 
B.3.P. 19 

ii) Executive Engineers 2 Cn Divisional 
B.S.P.18 Level. 

a) 1or Hyderabad & 
Karachi Division 

b) For Sukkur Division 

iii) Assistant Engineers 36 On Taluka Level 

B.S.P.17 

(Generally for 
two Talukas)
 

B. LOCAL GCVER1,MENT DEPARTMENT (DISTRICT COUNCILS) 

i) District Engineers 13 On District Level
 
B.S.P.16 to 18 
 (One for each
District).
 

ii) Sub-Divisional Officers 
 5 For Five Districts 
B.S.P.16 	 only(Sukkur,Nawab-

Shah,Shikarpur, 
Khairpur & Karachi; 

iii) Sub-Engineers 
 40 On Taluka Level
 

B.S.P.11 	 Averagely three in
 
each District.
 

Source: GOS (vide letter no.RD/DIR(TECH)1-64/86/3181 dtd.18/11/86 ) 

http:B.S.P.11
http:B.S.P.16
http:B.S.P.16
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vii) An impcrtant testing component needs to be included ir, the
project's construction of katcha and shingle roads, identifyto 
low-cost solutions to deal with the shortage of gravel,
waterlogging, and flooding in sormie areas. 

The purpose of above is tothe testing identify low-cost 
measures using locally available resources that can substitute for
the more costly techniques currently in use. Other factors are: 

a). Standard of Performarce by Construction Contractors 

The standard of performanace of contractors is riot 
satisfacto,ry due to the following: 

i) The contractors do not have personnel with formal training
and sufficient engineering experience. 

ii) Low rates used to award contracts are riot profitable and 
discourage the cntractors from doing quality work. 

iii) In some cases the road design and specifications are riot uptO
technical standards. Absence of proper supervision also leads to 
low standard of performance occasionally. 

GOP's and USAID's experience with contractors indicate that 
are aif they paid fair rate based on specifications and a proper

monitoring of their work is done there will be a marked 
improvement in their level of performance. 

b). Availability of Equipment to Contractors 

As a general practice contractors hire equipment from the
public sector. Keeping in view the level of work that will be 
undertaken, more equipment will be necessary. 

Without assurance of work contractors are reluctant to make

large investrent s. During the project formulation, some
 
contractors interviewed disclosed that they prefer to purchase
their own equipment if the volume of work is enough as this 
assures them their resource availability.
 

The project involves a large volume of physical works in Sind
requiring additional equipment needed for the work, which is being
provided as a project component as earlier illustrated. 

c). Soil and Water Conditions in the Sind
 

Some areas of Sind have severe water-logging and sal inity
rendering the road construction and maintenance difficult and
expensive. Cost per KM of 
 road is higher because formations have 
to be built to a greater height, drainage has to be given more
atttention. Failure the to undertake these hasin past measures 
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resulted in swift deterioration of the roads, particularly during
the monsoon seasons and when sugarcane and rice fields are 
flooded. Some farm areas occasionally undergo flooding of serious 
nat ure. 

The soil in the eastern part of Sind is extremely sandy which
 
makes adequate compaction difficult in the absence of additional 
material imported from other regions. Experiments have been 
carried out with oil or bitumen to stabilise the foundation of 
roads. However these methods need to be further refined. 

Another problem in Sind is the lack of a reliable source of 
gravel which is generally procured from Baluchistar at sizable 
expenses. Lime stabilisation and crushed brick have been tried as 
substitutes but rio c':conclusions have been arrived at as to their 
performance. EFforts are already in hand with C&W and LGRD 
departments which are very encuraging. Proven road bui ldirig
techniques suited to conditions in Sind exist and have beer, ir, use 
for years. 

The project provides for a USAID technical services tearil to 
collaborate with local officials to exper iment with several 
alternative design and constructior techniques on stretches of 
district roads. Local engineers will be consulted while selecting
design and corstruction methods after they have had opportunityan 
to observe conditions during one full year in the districts of 
Sind. In order to provide maxirill-mi tire for observation of the 
experiments, the test sites will be completed during an early 
period of the project. 

11. Description of the ProJect 

11 A. Objectives 

The primary goal of the Road Resource Management Project is 
to raise the productivity of public sector capital in the road 
sector, both financial capital generated from local and nat ionIal 
sources and physical capital, in the form of the nation's large
investment in public roads. The level of trarnsport services 
provided to the rural areas by the existing road system will be 
increased, which in turr, will promote a more rapid growth in 
national income and the standard of living in Pakistan. 

The project will, or, a rodel basis, prormote and establish a 
maintainable rural roads system in Sind and identify the policy, 
management, and financial reforms needed to achieve a sustainable 
road system nationwide. 

At the end of the project, the rural roads system will be 
characterised by the following key features: 
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a. A network of paved rural roads will 
 exist in each district
 
which is built to a maintainable standard and 
 is being

maintained by the District 
 Council Office. This systermi will

provide the maximum level of all-weather service roads 
consistent with the financial and other resources of the 
district. 

b. A Road Maintenance Unit will 
be established in each District
 
Council Office with the capacity to carry out an adequate
program of routine, emergency, and periodic maintenance on
the district's roads. The Road Maintenance Unit will have the
trained staff, managemient syst ems, eq u i pment, financial 
support, and linkages to local contractors needed to carry
out this function both efficiently and effectively, as well 
as the support of facilities and staff in the Local 
Government Department. 

c. Sufficient resources to carry out road mairtenance on the 
paved network will be allocated to this on apurpose priority
basis, as a result of i) increased recognit ion of 
miaintenance in providing road services; ii) improvements in
the generation and management of resources at the local level
for r-,ads and other purposes; and iii) adoption of policies
at all levels which promote a more efficient overal 1 
allocations of the funds available for roads. 

Table 6 shows the pre-project and post-project projections. 

These targets are indicative, since they include roads to
constructed, rehabilitated and upgraded. Actual 

be 
road activities

will depend on districts own decisions regarding the use of 
 their 
own project funds, the rate of traffic growth Cio rural roads and 
district rmlainteriance performiance. 

Maintenance will not be on the entire rural road system atthe end of the project, since districts do riot have adequate funds
to maintain all the katcha system. The project will set a
realistic target of establishing a sustainable system on the 
ent ire paved network and as much as possible of the remaining
network, particularly the brick and shingle roads. 

These project ions are discussed in more details in theEcon-,mic and Financial Analysis. Table 6 shows fewer miles of
paved roads with the project than without, since rescurces will bedirected toward maintenance and expansion of the katcha network. 
As the benefits of better riainteriance and increased resource
generation permit districts to expand their paved road system orn a
sound basis, this position will be reversed. 
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TABLE 6
 

Tentative Rural Rural Road Network in Sind. 
Pre-Pro ject, With ProJect and Without Proiect 
(Kilometers of road maintained, unmaintained 
and total paved and katcha only)
 

Type Pre-eroject (1986) Pcst-eroect (1992) No Project (1992) 
of Main- Unriiain- Main- Unmain- Main- Unrnaint-
Road tained tained Total tained tained Total tained ained Total 

Paved 
(Wetaled) 

0 * 689 689 1127 C0 1127 C)* 1449 1449 

Katcha 
(earthen) 

0 * 16238 16238 0 * 22540 22540 0 * 18837 18837 

TOTAL 0 * 16927 16927 1127 22540 23667 0 * 20286 20286 

Beldar maintenance performed on these roads, both with and 
without project, but the requisite maintenance system is not in 
place.
 

Above figures are illustrative and necessary modifications 
would be undertaken on as-need be basis in consultation with 
GOP/GOS etc.
 

Source: FRDEC/USAID
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Projecting the proposed
years, is 
district prograrnnie
it estirmated 	 for the nextthat Sind 	 20ki loeters of 	 Province would havepaved roads 	 3542 

strategy of 	 fol lowing

rehabilitation 	 the current mlaintenance
every
kilorneters 	 3 to 5following 	 years, versusa sustainable 	 4830
well maintained 


strategy. 	 road systemy
 

11 B. rojec c_.
 

The scope of the project is as follows: 
a. 	 Q2nstr-ucti.:r1: Reconstruct 

a.=,~uc
paved roads, rehabilitate appro-ximately

'ai ,e'ret rughly IGO kioersoix tap rogh 483 kilomletrestly 048 "'" .... of pavedroads 	 ere o(prirmarily
approximately sh Ider rehabilitation),

97 kilometers 	 Upgrade
k.lloretres 	 to paved statuso:f irproved .katch 	 and build 564roads (.-r upof minimal 	 ti' 34s2acess roads). 	 k il rietresIb. 	 C'r'Jii.s: Provide each of the 13 districtsequipment to 	 with adequatecarry out routine maintenance,districts in construction of katcha 

assist the 
establish a 	 access roads arid,maintenance equipment 
and support pool 
in Sukkurand Hyderabad.
 

c. 	 Train ini: 
District personnel will
country training, -t':.y 	
be given ritiw-tern 
in
t,,rs 
 ,tohird
selected serli.ir personnel and long 

World countries for
planninn term training in transportand finance will be provided for 
five 	individuals at
the national and provincial 
level.
 

nnica~l 
serv
1ces: 

plarn4-. 	

Provide assistance inr,maintenance
i S1nas 13 districts, assistLGRD 	to carry out the provincial
the highway policy and financeand to meet project needs 	 component
in training and cothor hxreas. 

e. 2_ro1ectoperations: Including theoffices 	 operation of projectin participating 
divisions,
additional 	 rcad inventories in
districts and project evaluations.
 

11 C. P:ject Descripticrn 

NIeed
1. 	 f,,r the P';ject
 
The national 
system of 
rural
highways and 	 roads, national arid
other roads 	 provincialis central 
 to Pakistan's transport
syst em. 

The rural arid provincialper cent of the 	 roads accounttotal 	 for approximatelynational road 	 80Further requirement 	 system of about 113,000of roads 	 KM.investment in 	
is estimated at 247,000the roads system 	 KM. Continuedof Pakistan has rot resulted into 

http:serli.ir
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the rapid improvemrent originally assumed. Act ual ly theinadequacies of the road system have resulted in higher prices foragricutural inputs and products, reduced access to markets forgoods and services and a generally slower integration of remoteareas into the national econormy. The unserved population remainsvoid of modern age benefits which are regarded as basic lifeneeds. A large port ion of the rural road network consistsessentially of 
tracks that 
 have been widened. Such roads fall
rapidly into disrepair even where traffic volumes low.are Thissituation is assessed to be due to the following reasons: 

i. Iradeqiuate financial rescurces are available to carry out theconstruction activities needed to achieve the government's statedgoals for expansion of the rnajor roads the roadsand rural system,while maintaining the existing system at the minirril acceptable
levels sirlul taneously. 
i i. I an eria l ca aci t , particularly at 
ranagemert levels, to plan and carry out an adequate responsibleprogramrme of road construct ion and maintenance. 

iii. The resources available are rnis l-cated and greater ermlphasisis given to upgrading, reconstruction and major rehabilitationexisting roads ofat the expense of routine and periodic maintenanceon the existing road system and new cOnstruetion of rural roads toreach unserved villages. Monitoring of the national and provincialsystem is inadequate and there is inadequate planningmonitoring of the district's road programme. 
or 

Resources are notgenerally used to assess the current status of roads, developmaintenance activities cr determine present and future needs inorder to allocate funds to their rlost productive use. Thereforeis recomrmiended that there should exist a greater need to
it 

understand how canwe manage our road moreresources effectively. 

This project addresswill these issues and will be conductedon a pilot basis in the province of Sind where Goverrmentofficials estimate that as as 75much percent of the officiallyrecognised villages and more than 90 per cent of all villages do
not even have a katcha road connection.
 

The priority for provision of roads has been confirmed bySind Provincial Government officials who repeatedly state thatimproved comrurnicat ions are the first priority for ruraldevelopment in the province. The presence of a road linking with arural village particularly all-weather connection,an provides the
following benefits: 

a. E2pnded access to social services. Villagers lacking a roadlink are unable to 
 gain access 
to health services, and
government's ability theto bring these services to the villagers is
reduced by the 
 lack of a road. Trained personnel are generallyunwilling to relocate to areas without a reliable road ccnnection. 
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b. Better inteqration into the national societyand econorniy. The
rural population increasingly looks to rcinr-agricultural ernploymert
to obtain a higher income and attain improved standards of life 
desired. 

c. Irnproved market access. Access to markets for purchasethe of 
consumer goods and agricultural inputs and for the sale of
products is increased and the transportation costs associated with 
this economic activity are reduced. 

2. Economic Evaluation 

i) Assumpti,:,ns and Findinqs 

The costs and benefits associated with rural roads have three 
basic comporert s: 

a. The cost to the governrment of building and maintaining the 
road (a financial cost that will be referred to as the fiscal 
cost to differentiate it from other financial costs); 

b. The cost to road users of using the road, given its condition 
arid amount of traffic; and 

c. The benefit to the econormy of expanded traffic, or lower 
costs and greater availability for goods and services. 

More the governmert spends to build and maintairn the roads,
greater will be the financial savings in transport costs to road 
users. The relationship between maintenance expenditures and user
 
costs is shown in Figure 6. As Figure 6 indicates, the lowest

total financial cost is not achieved where user costs are lowest,
but at a point that balances user costs against government's
expenditures. The ecoromic analysis of the project basedis on
projections of Sind district council revenues and expenditures for
roads with and without the project over a 20 year period. This
analysis has been prepared from a sample survey with more than 90% 
reliability status. 

Benefits of road systems can be derived from two sources: a)
reduced vehicle operating costs on additional roads upgraded to
paved status and on other paved roads that are maintained, rather
than rehabilitated periodically; and b) traffic generated on

additional new katcha roads. This approach to estimating benefits 
is conservative since it excludes benefits from the following: a)
increased economic activity due to expanded and improved paved
network; b) benefits in other provinces from training and other
assistance; c) benefits to the national and provincial highway
system from the highways component; d) benefits generated in the 
nor roads sector from increased district revenues; e) time savings
due to improved road conditions; and f) social benefits from 
improved access to services. 
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rigure 6 

MAINTENANCE COSTS
 
VS USER COSTS
 

TOTAL COSTS-


MAXIMUM
 

MAINTENANCE' COSTS
 

SMINIMUM 

TOTAL COSTS 
U)
 

U) I-I 1 
0I 

MAINTENANCE .CQSTS-

Min
 

/'USER COSTS 

I OPTIMUM MAINTENANCE 
'- 1-!ATTETION 

MAINTENANCE ATTENTION 
MAX MIN

(fully operational)
 

Note: Horizontal ana*Vertical are equivalent scales. Source: FRDEC/USAID 
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The project costs are estimated as the sum of ccsts from two 
sources : a) additional expenditures by district councils on roads 
over the 20 year period; and b) AID's contribution to the project,
measured as the project budget less inflat ion. In these
projections traffic is assumed to be vehicles25 per day on paved
roads consisting of one bus and two trucks per- day on katcha
roads. A traffic growth rate of 3 pet cent annually is assumed.
Other modes of transportation are riot accounted for. District 
revenues are projected to grow at 5 pet- cent annually without the 
project and 10 pet cent with the project. District expenditures o-,n
roads are calculated as a percentage of total expenditures, based 
on the findings of the analysis of three sample districts of Sind. 

In the with - project case, any district is assumed riot to
upgrade roads unless it has sufficient funds on ra life-cycle basis 
and to devote about two-thirds of its construct ion funds to katcha
roads. With,-,ut the project, districts are assurlled devo!te onlyto 

one quarter c:f their road development funds to katcha
 
construction. For- both with- and without-pro:.ject cases, district
 
expenditures on roads are projected 
 to cortinue at current level

relative to total district resources. These assumpt ions are

further discussed in Arnexure 2. Tables 7 and 8 
 show the extracts
 
of results of detailed analysis carried out with the assistance of
 
GOS.
 

Even with extremely conservative assumption regarding traffic

growth and benefit levels, th e r..-ect is very attra'tRive
 
economica 11 with an internal rate of return of 16 per cent. The
 
high level of benefits is sufficient to cover the costs of the
 
district expenditures and 
 also the full cost of the project. A 
sumlmary of project costs arid benefits is provided in Table 9. 

Projectiors made over a 20 year period indicate that the

districts would be able to achieve a much greater expansion in

their road network following the proposed strategy of upgrading

arid regular maintenance than continuing rehabilitation every three
 
to five years. In the year 2006, Sind councils as a whole would

have a total of about 87, 123 kilometers of katcha roads and 5,068

kilometers of paved roads compared to only 33,408 kilometers of
katcha roads and 3,623 kilometers of paved roads. In the former 
case this implies a five-fold increase in the katcha road network 
and a seven-fold increase in the paved network. With the project,
since maintenance will be performed on all of the paved roads,
there will be toro rieed reconstruct or rehabilitate these roads
during the next 20 year period. Otherwise, without the project 
none of the paved roads would be la int ained leading to an 
increasing expenditure on rehabilitation. 

Under the project 
 a surpluts may remain in the rmaintenance 
budget, because districts caniot shift funds from the maintenance 
budget into construction. These funds would then be available for
maintenance of katcha roads arid construction of new katcha or 
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paved roads. This further indicates that the networkroad could beincreased within 
the available funds at 
 a higher rate than
assuried. These funds are riot taken into corsideraticr, in theanalysis, either as costs or benefits, introducing a furthermargin of conservatism into the analysis. The 	 expansion of the
katcha road system is responsible for nearly all of netbenefits accruing from the project. Benefits have been measured 
the 

onthe basis of the freight charges and passenger fares or truck andbus traffic. These costs are assumed to be at least equal to thevalue-added that the transport services generate for those using
the road services. 

ii) Met hodo1 o g 

Details of the 	rlethodology are shown in Arinexure 2. 

iii) Screen inri Proceed ,ire 

The followirng illustrates the proposed selection of roads forconstruction and operationalthe systerl for- its iriplemerntati.:r,.The syster may be revised during project irimplemertation if needed
and as agreed to in writing between MLGRD, GOS and USAID. 

The rural road component of the project is presently beingproposed o:n a 	 pilot basis in the Province of Sind only. Withinlimits of the 	funds available for 	 coristriutction, the al locat ionang rehabilitation, upgrading, and construction of new roads is 
visualised to 
be as follows:
 

Priority-i: 	 Bring existing paved roads to
 
maintainable condition.
 

Priority-2: 	 Pave existing roads if these are included in 
maintenance budget of the district. 

Priority-3 	 Construct at least new katcha 
access roads to 
serve additional villages, as the districts 
meet their maint enance cornimit merit on the 
all-weather network agreed upon. 

(above prioritisation is torelated concurrent activities) 

Selection of roads within categories will be based on trafficlevels, as rleasured by the project-sponsored traffic counts androad inventories arid, for new roads, on, the 	basis of populat iconserved per riile of road. Each year the districts will identify themaintenance commit ment they are will ing to assume fc r thefollowing year. Any potential for expansion of the all-weather
network will then be identified on the basis of the differencebetween the currently laintainable network theand amount 	 they arewilling to maintain . This difference will then be translated intoa construct ion budget f':or rehabilitation, reconstruct ion, and 
upgrad i rig. 
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The construction budget for each district may be based ontwo factors: the population of the district arid its performance inmeeting its maintenance commitment 
 for the previous year. Thefirst year's construction budget will be determined on the basisof population alone. In subsequent years, districts meeting theirmaintenance comrmitments will receive the construction funds on thebasis of population. The c.rtructLion budget f ,r Jistricts meetinga lower percentage of their comrmitrmiert will be proportionallyreduced, and the funds thus released, redistributed among
districts with better 
 perforrmance. District 
 performance willmeasured by the budget arid expenditures 
be 

of the Road Maintenance
Unit in consultation with GOS in 
 the first three quarters of theyear. In addition, the construction prcgramme in districts thatfall short of their comriitrmer,t will shift toward katcha roads.Upgrading of paved roads can therefore be funded in districts thathave met their comro.itriert on the existing raintainable paved 
net work. 

On the basis of these factors, each year, the GOS / LGRDassisted by MLGRD, USAID, 
and technical services contract-r willcalculate the 
 construct ion budget for each district for the
forthcoming year. The total budget will be divided into two"pools" or, the basis of the district's proposed mairtenance 
commitment for the following year. 

The "Paved road Pool" 
 will include sufficient fundsrehabilitate existing paved roads 
to 

or, if this work has beencompleted, upgrade additional roads to paved status, up to thelimiit of the district's maintenance commitment. Add it i ona 1 fundsremaining in the construction budget can go to the " katcha roadpool", for construction c:f new katcha roads. 
 A proposed list of
paved roads to be rehabilitated, existing roads to be upgraded aridnew katcha roads to, be constructed from the remaining funds willprepared by the districts.be Funds may be transferred from the
paved road po'ol to the katcha construction pool. Priority roadswill be identified by the district council 
 itself, arid the
district engineer will then prepare rough estimates of the likely
cost of such construct ion, arid identify 
 a preliminary set of roadworks with a total cost of 110-120 percent of the specified
construct ion budgets. These proposals will also indicate the
population to be served by each 
 road, the length of the road, aridthe current level of vehicular traffic. 
will 

The district proposals

be reviewed by the Divisional Coordination Committee arid
provincial authorities assisted 

the
 
by the technical services 
team.
Roads without sufficient vehicular traffic, new roads servinginsufficient population arid any road with an extremely high cost
 

per mile will be excluded from the 
 list. 

A revised list will then be prepared arid authorized by theDivisional Comimittee for final costing by the provincial LGRDassisted 
by the technical services team. Once the specifications
and cost estimates have been approved, the final 
list will then be
made up of the top priority roads in each category, subject to the 
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total budget available. Final selection 
will be according to the
standard procedures current ly used for selection of roads anddevelopment programmes in the Province of Sind which may includeinput f rom the elected represertat ives of the districts. Theprovincial LGRD thenwill proceed with tendering of works. 

Following approval of the awards by the district council,construction will begin, according to standard GOP procedures.Payment will be made from the provincial LGRD Personal LedgerAccount according to the GOP procedures after inspectior bythe district engineer and the technical services 
both 

contractor. Ifdesired, USAID engineers arid LGRD engineers rilay also inspect someof the roads prior to certificatior, for payment. Arilount of costoverruns is expected to be very small. The small size of each jobwill limit the impact of Occasional urderestimates.
 
iv) Sam si bFie di as
-Ei 3_tySt 

Conventional project evaluat ion rlethodologyto systematic and comiplete data 
had beer, applied

from the three sample districtsSukkur, Shikarpur and Jacobabad. 40 
,:f 

per cent of all roads weresurveyed and inventc-ried in these districts. A Life Cycle-costAnalysis for rural roads was undertaken includingAria 1ys is Recurrent Costand Cost Benefit Analysis. Differentstrategies were evaluated ma i nt enarnce 
to determine the optimal allocation ofresources f-,r mnairteriance. These data were ther, proj ected to coverthe entire provirl.e cof Sind. The results are indicative butclearly demonstrate the ranking Of various strategies andaccrued. A Sensitivity Analysis 

savings 
was also conducted on the data tcofurther prove the validity of the Project concept and strategy. 

v) Traffic Growth 

Annexure 3 shows the three sample district traffic count. Thedistrict c'zuncil officials estimate that the 12-h,:-ur counts wouldbe higher by at least 40 t,-, 50 per

Again, these data 

cent during a harvest period.
are purely indicative. It has been ascertainedthat properly organised traffic surveys can be2 conductedforecast traffic growth in Order to prioritize 
to 

selaction of roadsas discussed earlier. Figure 7 shows the relatioriship between roadcosts and traffic levels for different types of roads. Inpro.jection, traffic theis assumed to be 25 vehicles per day or, pavedroads and to consist of one bus and two trucks per day on katcharoads. Traffic is assumed t, grow at 3 per, cent annually. At theend of 20 years, traffic ,:,r, paved isroz:ads projected to reach 45vehicles pet- day while katcha roads traffic is proj ectedslightly fewer than at4 trucks arid 2 buses. These estimates areextremely coriservative and still show IRRthat of approximately 1Gpet cent is achieved. 
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Figure .7 

Relationship Betwen Road Costs and Traffic Levels 

Cost of Initial Construction
 
Plus Regular Mantenance
 

Latcha
 
(Earthen) 

Shingle 
(Gravel)/
 

Pae
 

• (M-tallod) 

0 

S ADT Loyal at Which MrIO I~val at Which 
. Gravel Less Expernslvo • Payed Less Dcpensivo
• Than Earthen Surface * Than graval Surfaca 

Approx. 5 r;ox. 1'25 

Annual Avyrae Dly ffic(Vehicles)) 

Source: FRDEC/USAID
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vi) 	 Generated Passenger Traffic
 

Detailed survey 
 can be carried out to forecast traffic data.However, despite riot accounting for generated passenger traffic assuch, the project is st i ll very feasible and attractive
 
economiical ly.
 

vii) 	 Vehicle Operatirnqists
 

Vehicle operating cost savings 
 for 	 various condit ions ofroads were calculated as shown in Table 10. These savings werethen applied to the projected traffic levels arid mileage to derivetotal vehicle operating cost savings between with and without theproject. This reinforces the view that thein current situation itis 	 ecoromlically more attractive to build atleast new katcha roads.The stream of benefits generated from new katcha road construction
far exceed those fr-m uprrading at any reasonable traffic level. 

viii) Ajrialysits oif Irp1emertation Appr,-aches 

Following approzaches were analysed : 

1. 	Build to a maintainable standard arid then carry out both 
rout ine and periodic maintenance. 

2. 	 Build and tnL'i rehabilitate every three years. 

3. 	 Build zrid then rehabilitate every five years. 

4. 	 Build arid then rehabilitate every eight years (this 
am:ounts virtually to reconstruct ion). 

5. 	 Build to a lower standard, arid then upgrade in the third year 	to a maintainable standard and maintain regularly 
thereafter. 

Only 	the first four approaches have been analysed for theKatcha road network since two-staged construct ion 
 is 	 not
appropriate on katcha roads. The current practice lies betweenrehabilitating every 3 	 to 5 years. The full results of theanalysis are attached in 	 Annexure 4. In addition to the life cycleanalyses, alternatives were also considered for 	 treatment of anexist 	 irig road that is current ly in a condit ion requiringrehabi I itat ion arnd for a road now requiring coriplet ereconstruction. The results of these analyses are also provided inAnnexure 4. A discount rate of 	12 per cent was used to analyse allapproaches in both discounted arid undiscounted terms.
 

Financial 
 costs rather than economic costs were usedthroughout the analysis. Although some 	 of the inputs used for roadconstruction and maintenance have an economic opportunity costthat differs from their financial cost, the mix of inputs is very 
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Iaole IC)
 
OPERATING COST SAVINGS PER VEHTCI-F--)AY
 

ON PAVED ROADS
 

(Rs. 
-----------------------------------------------------------------

Road Corditior Vehicle Operatinq Ccst-
Saving! per Vehicle pcr 
day 

Paved road in gcod conditicn .14 
compared to, paved road in fair 
c cornd i t i or,. 

Paved road in go,,-d condition .54 
compared to paved rcoad ir, 
poor cord i t i on. 

Paved road in good condition 1. 26 
compared to katcha road in 
average cond it i-r,. 

Soource: NTRC, Pl ann ing Comm issi on, FRDEC 
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simil ar across the va-ious approaches for manairi arty qivers typeof r-ad. Hence this sirmiplificaticr-i does rot distort the results. 

Based or, an estirated averaqe ADT of 100, this analysisindicates that the current strateqy of rehabilitatior, ever-y 3, to 5years, leads to an inrcrease in Vehicle Operatirig Costs of roughly20%. Over the 20 year I i fe of the road, this produces anurireccesary cost to the economy that, discounted at 12-' has apreser,t worth of Rs. 632, 000 per- KM. , or over Rs. 381 rili 1 io, for
the country as a whole.
 

All rural roads have 
 been assumeid to have the same life sparof 220 years, regar-d less of the rlairtenarce strategqy adopted. In,reality, poor-ly mai ntained r-ads will not last nearly as; long aswell rmaointain ed ores, but this factor has beer i rored, fur t herbiasing the aralysis i r favor of the exist i r a pp-Cch. Thear,alysis -f li fE? cyclez and ru t iio/rehabiitati i r :cp:U'rstopt i,- r,sderm-ronst rates c cluCSiveIy that a .strategy of routin ard pcri od i cmai nteri ance has a much 1ow.r cosL per KM01. Fo'r- :,fall three typesroad arid particularly for the paved roads, ir both discourted ardund iscounted terriis. The results of the ar,alys is f-,r strzat..i-?rgies 1,2ard 3 are described in detail in Table 11. The overall findings ofthe ara ys is st rorir] ly cor,fi rrii that the regular ra i rit enarcepr-,vides dramatic savings over the currert practice for both pavedand katcha roads. Thus 'fequla'r- mainter,ance is clear ly supericr toall other alterna ives, ever, without corsidenrr,[ the additiori 1beriefist to t h-? r-ural eccori.crly frori a, imrpro, ed road star, dard.Ho-,wever the reed tc crstruct rE,w ro:ads canrct be out rirEhtlyi gr,or-ed. The t ctal pot ert ia 1 sav i rigs from a sh i ft f r,imrehabilitation every 3-5 years to regular mairtenarice are shown inTable 12 wh ich surmiar i ses these sav ir, gs i ri two fo:,r,ms : 1)discounted total saving -,ver a 20 year period ard 2) average
annual savings in fiscal terris.
 

This analysis indicates 
that the currert practices cornstitutemisall:,cation, of funds. By shiftig n to a mor,e cost - effect iveapproach, the districts could ach i eve a hi gher level ofperformar,ce or, the paved n etwoCrk, while al so qenerat in qconsiderable savings for exparsi,o, to- areas now urserved by a roadof any kind. It has beer, estimated that a typical district- with 15Kri-i of paved road wastes about Rs. 1. 28 rili 11 i aonannually if itfollows rehabilitatior, every three years rather than riainter iar,ce.This is equal to appro Xifriately 5U per cent of the districtsspendirg -ri roads Fror its own resoiurce5. Ever, the c,:,rioparis-,n ofroutine main terarice with the rehabilitatio,r, every five years showsthat ar estiriated wastage of Rs. 570, 007 pe- 101. occurs.
 

If the funds lost 
by fo l wing the three year nehabi 1 itationapprozach orn the paved r,-ads wer-e iristead irivested in cc,rst ruct ir,of katcha access roads ( at Rs. 200, 000 per Km ), the savirigswould allow the additior, of 460 Krmi. of new katcha road per year or 
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Table 11 

Siulmary of Recurrent Cost Analyses 
Summary Compar ison of Alternative Management Strategies 

Type of Road 


Strategy # 

1. Full Life Cycle
 
(New Road)
 

Total Life Cycle 


Cost (d i scourted) 

Total Life Cycle 

Cost (Financial) 

Afverage Cost Per 
Year (Financial) 

Average Cost Per 
Year Excluding 
Initial Irvestment 
(Financial) 

2. Rehabilitation
 
Strategies
 

Total Life Cycle 

Cost Cd i scour ed) 

Total Life Cycle 

(Financial)
 

Average Cost Per 
Year (Fi nancial) 

3. Alternative 
Reconstruct ion
 
Strategies 


Total LiFe Cyc:le 
Cost di scOunted) 

Total Life Cycle 

Cost (Financial) 

Average Cost Per 
Year (Financial) 

Source: FRDEC/USAID 

(Cost 
for Rural Roads 
in 1985 Rupees '000) 

Paved Shingle 
1 2 3 1 2 

-------------------------------------------------­
3 1 

Katcha 

2 3 

760 885 781 


10151 1574 1286 

50. 0 74.9 61.2 

21.6 53.7 39.3 

318 564 543
 

610 1253 1048
 

29.0 59.7 49.9 

759 1o05 901 

1043 1694 1406 


49. 7 80.7 66.9 

547 599 551 31W 344 372 

9E3 1053 921 421 494 572 

45.9 50. 1 43.9 20 23.5 27.2 

30.9 35.4 28.8 8.1 11.7 15.6 

Notes:
 
A. All figures drawr, fr:om 

life cycle analysis tables
 
Anrexure 4 

B. Strategies are:
 

1. Const ructi on, rehabili­
tation or reconstructi-on to 
a mairtairable standard 

followed by corntinued rout­
ine and periodic mainrten­
ance for 20 year life. 

2. Construct ion followed by
rehabilitatio,r, every three 
years for 20 years. 
3.As in 412 but rehabilitat­
ior every 5 yrs for 20 yrs. 
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TAB}LE 12 

TENTATIVE SAVINGS FROM IMPROVED ROAD MANAGEMENT STRATEGIES 
Rs. Thousand 

Strategy 1 compared to: Strategy 2 Strategy 3 

Per Krm. Total 
-

Pet Kmi. Total 

-

1. Total saving ( Discounted )
 

a. Paved Roads 125 462,426 21 78,810 
b. 
c. 

Shingle 
Katkcha 

Roads 
Roads 

51 
34 

229, 6830 
1, 152, 000 

3 
62 

15,120 
2, 094, 000 

Total: 1, 844, 106 2, 187, 930 

2. Annual Saving ( Undiscounted)
 

a. Paved Roads 25 92, 130 11 41, 403 
b. Shingle Roads 4 20, 250 - 2 - 9,450 
c. Katcha Roads 3 117,300 7 243, 780 

Total 229, 680 275,733 

So:urce: NTRC, P1 arr iinq Corii±sion'r, FRDEC 
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9200 over 20 years, the equivalent of over one-quarter of the 
current katcha network. Table 13 shows that the districts have

Sufficient financing from their own and provincial sources to 
carry out periodic rehabilitation of all of the paved roads. 

Using the district's tax revenues only, there are enoughfunds to maintain almost 95% of the paved roads, provided the
funds are riot used elsewhere. There are more than enough funds to
mairtair all of the district roads that are in a maintainable
cordition, however, these are estimated to arlount to only 40 per
cent of the current paved network. 

The approach recommended is to offer the districts a choicebetweern maintainirg all of the paved roads and about half ':--f the
katcha roads with ro expansion or upgrading of the syste uriti I revenues increase to maintain all .- f the paved roads arid use or 
the rermlairirg funds to theexpand katcha ro:ads to un5-erved areas
Cr sOme comrbirat ion of the two. Districts wi 11 be provided
assistance inr makirg this choice arid in choosing the roads to be
maintained arid the new access roads to be constructed. 

ix) Cost and Berefit Streams 

Details have been shown Urder Economic Evaluation, item i and 
in Table 9. 

3. Road Imprcoveriets / Constructiorn 

As noted under item It C, 2-iii, priorities will have to beestablished 
 after detailed data 
 is - available during
implementation. However tentative targets 1.1have been shown under 

A, Table 6.
 

4. Cornstructionr / MairntenarnceEO~uiprn t 

The mair equiprert beirg purchased under the project coriprise
of light graders, transport equi pment, arid other mairt enance
equipmenit to be provided to the districts t,:, carry out routine arid emergency mai rt eriarice. The cost of eq u i pmert purchased by
contractors, including arortization arid a reasorable profit rlargin
is ircluded in the estimate of new construction arid periodic
mainterance costs. Details are shown ir Arnexure 5. It is expected
that most o-,f the equiprient will be procured from the U.S. arid the 
cost estimates have beer developed accordingly. The cost estiriates
also iclude a 15 per cent allowance for spare parts and anadditional allowanice has been included separately to allow for 
transport at ic, and other charges related to procurement arid
delivery. Table 14 theshows tentative list of equipient to be
provided to each district to support road constructior. 



Table 13
 

Comparison of Life Cycle Road Needs and Funding Available
 

Life Cycle Cost 
 Life Cycle Cost
(Initial Construction) 
 (Maintenance Costs Only)

(and Maintenance)
 

Approach 1:
 
Maintenance 

Type of Road Km. 
Cost/ 
Kri. 

Total 
Cost 

Cost/ 
Krii. 

Total 
Cost 

Paved and 
gravel Only 

Paved- 20 ft 
Shingle-20 ft 
Katcha- 20 ft 

3700 
4500 

34000 

50.05 
47.75 
20.07 

185185 
214875 
682380 

21.55 
32.89 

8. 07 

79735 
148005 
274380 

79735 
148005 

Tot a 1 42200 1082440 502120 227740 

Approach 2:
 
3 Year Rehabilitation
 

Cost/ Total Cost/ 
 Total Paved aridType of Road Km. Km. Cost Krii. Cost gravel Only 

Paved- 20 ft 
 3700 
 74.95 277315 
 53.7 198690 198690
Shingle-20 ft 
 4500 
50.14 225630 
 35.4 159300 159300
Katcha- 20 ft 
34000 23.52 
799680 
 11.7 397800
 

Total 
 42200 
 1302625 
 755790 357990
 

Deficit/ 
 Deficit/ Deficit/

Surplus Surplus Surp 1Us 

District Budget: 175000 -907440 -327120 
 -52740
 

LGRD Annual
 
Development PLan
 
Roads: 
 120000
 

Total Available
 
For Roads: 
 295000 -787440 
 -207120 
 67260
 

Kmi. 
 of new roads that could be built annually
with surplus: 

108
 

Source: GOS/FRDEC/USAID
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Table 14 

Tentative Maintenance Equipment List
 
(Rs. '000)
 

It em Unit Cost Districts Divisions 

No. Cost No. Cost 
2.5 ton pick-up, dc:uble cab 210 2 410 ­1.5 tort pick-up, single cab 160 1 160 2 320Motor Grader, 120-130 HP 120C)0 1 1200 1Pneurniat ic-t ired roller, 12-14 T 800 -

1200 
2 1600Vibrating Roller (hand) 1 T 100 1 100 ­Backh.,oe/Loader, I CY 1000 1 1000 ­Frcrit-end Loader, 1. 5 CY 1200 ­ 1 1200

Low-Ded Tractor Trailer, 25 T 640 1 640 -Dump Truck, 8 T 6OO 1 600 2 1200Water Tanker, Truck, 2000 Gal 350 ­ 1 350Water Tanker, Trailer, 200 Gal 35 1 35 -
Farm Tracto r, Trolley, 60-80 HP 150 
 1 150 2 300Jack-Harmer, Engine Driven 20 2 40 -Tariper-Cormipact:,r, Engine Driven 25 2 25 -Vibrating plate Compactor 40 2 80 -Asphalt Sprayer, (hand) 50-Gal 70 1 70

Concrete Mixer, Engine 
Driven 
1.3 CY capacity 60 1 60 -Hand Tools (total per crew) 10 8 80 -Shop Equipment & other related 1 1700 
facilities 
Total per districts/divisions 4755 
 7870
 

Total for 13 districts, 2 divisions 
 Rs. 77.555 Million
 

(Equivalent US dollars Cd Rs. 17.00 per $1.00 US = $4.56 Million) 

Notes:
 

1. Soil Testing Laboratory Equipment may be procured in lieu of 
motor graders if the latter are arranged by MLGRD. 
2. Equipment already available with MLGRD, LGRD or Districtcouncils needing repairs may be repaired in lieu Of certain itemsproposed to be procured under this list, thus saving in major
procurement s. 

3. Actual equipnent would be finalised with the consultation of 
GOS.
 

4. Some light vehicles may be provided with the above funds foroperation of the project 
(at Federal/GOS levels)
 

Source: GOS/FRDEC/USAID
 



5. Consultina and Design Services
 

Under the project, upto about Re. 
170.00 million is estimated
 
for consulting services and training to be provided by a 
technical

services team to be contracted by USAID. The 
team will have

maintenance advisors, 
design and supervisory engineers, 
a road

planning and management specialist and a 
local government finance

specialist. They will 
 provide Pakistani and 
 U.S. support and

assistance for the National Highways 
Policy component and the
 
Rural Roads 
Maintenance and Construction component 
on a need
 
basis.
 

6. Administrative and Implementation Arrangement
 

a: Project Organisation within the Government of Pakistan
 

The project is being established as 
a federal project within

the Federal Rural Development Engineering 
 Cell ( FRDEC) of the

Ministry of Local Government and Rural Development. The FRDEC will
 
have primary responsibility for supervising 
 and coordinating

implementation of 
 the project 
with other parts of the Federal

Government and 
 with Sind Provincial departments and districts
 
including a monitoring role as desired by federal P&D and EAD
 
divisions.
 

Implementation of 
the national road policy component will be
coordinated by the Planning 
 Commission. 
 Other sections of the
 
Planning Commission in the Ministry 
of Finance, and Planning, as
well 
as personnel from'the Ministries of Communications, Finance,

and Local Government, will also participate in this component. The
provincial government ( particularly the P&D and C&W Departments

will also participate in the analysis and training component.
 

With federal monitoring, supervision 
 and coordination, the
day-to day implementation of the 
rural roads component will reut

with the participating districts uouncils and the Sind 
Department

of Local Government and Rural Development. The provincial

government will retain overall authority for the program in 
 their

respective jurisdiction 
 including implementing policy and
 
budgeting reforms.
 

The provincial P&D and LGRD Departments will issue guidelines

to district 
councils on administrative 
 and financial reforms,

including modification of the 
Annual Development Plan budget

preparation process. Although these reforms will have major

implications for policy, they require only relatively minor shifts

in the existing budgetary process. The 
technical services 
 team

will ensure 
that the information 
 needed to monitor district

performance is provided during 
the life of the project and will
 
assist GOS to establish a system for continuing this monitoring
 
after the project.
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Responsibility for 
project implementation in each of the
divisions will be with the GOS/Divisional Coordination 
Committee,

chaired by a representative of the 
Sind LGRD. This organisation

will provide coordination for 
the activities 
of the divisional
 
office of the department of Local Government and Rural Development

and the participating 
 district councils. Detailed project

execution responsibility will be as follows:
 

i) Maintenance Planninc 
and execution: 
District Engineering

Office, under the leadership of the council chairman and
 
the chief officer.
 

ii) 
 General Plannina for transport and funds allocation:
 
District Development ( or 
Project ) Committee ,with

review by the GOS/Divisional Committee, FRDEC and
 
USAID.
 

iii) 	 Road Rehabilitation, reconstruction, and construction
 
of katcha access roads: 
Director of Sind provincial LGRD
 
and Project staff under direction of GOS.
 

iv) 
 Monitoring and Administration of Finance: 
Sind
 
provincial LGRD financial personnel and Project staff as
 
spelled 	out by GOS policies.
 

The organisations identified 
are already carrying out the
functions specified, the project will thus build on 
the capacities

of existing organisations. The only new unit to be established 

the Road Maintenance Unit to 

is
 
be created within 
each District


Council 	Office but, 
 as 
they already have the responsibility

road maintenance, this is just 	

for
 
an internal reorganisation to give
greater emphasis to mainterince and to 
 add any necessary staff.
 

The project 
 will also assist the newly-formed equipment 
 pools

being established in the Sind provincial 
LGRD offices.
 

The project offices and 
 all rehabilitation and 
 construction
 
work will be coordinated at the divisional level 
to achieve high
level control ovor the expenditure of 
 funds. These offices will

not/may continue after the project is completed. The only function
 
to 
continue at the divisional level will 
 be technical and

equipment support 
to the district councils which will be 
 provided

by the GOS/Sind provincial LGRD.
 

b. Prolect Implementation and Coordination
 

To facilitate close liasion etc; 
a USAID Project Manager will

be contracted by USAID to coordinate with the Project Director 
in
the MLGRD Federal Rural Development Engineering Cell and with 
 the
Planning Commission personnel. The technical services team, 
 also

contracted by USAID will 
 be headed by a Chief of 
Party based in
Karachi 	reporting jointly to 
 the GOP Project Director and the

USAID Project Manager including GOS. The technical services 
team

members 	posted in the field will report to the Chief of Party, who
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will coordinate their assignments and 
 responsibilities with the
provincial and district council authorities. The MLGRD ProjectDirector ir consultat iorn with the Divisional Coord i nat ionCommittee will have the authority to resolve any questions raisedby the Districts regarding the teams duties, responsibilities
performance. orThe road pl anner, who will have theresponsibility for the road policy corlponert will 

lead 
work prirmari lywith Planning Comrision ard other institutions participating inthis activity and will be based in Islamabad. The project

organisation is presented in Figure 8. 

11 D. Cost Est.imates
 

The total cost 
 of this project is estimated as Rs. 995.59million- of this Rs. 731.00 millior is being provided by USAID andRs. 264.59 million by GOP in the form of already available stafftime etc. Detailed breakup is 15.as showrn in Table 
11 E. Tentative Finaricinqplar
 

The total cost of 
the project including the GOP and USA IDinputs is estimated at Rs. 995.59 millior (Rs. 731.00 milliorbeing provided by USAID and Rs. 
 264.59 Million in the form ofalready available staff time etc., will be provided by GOP). ThusGOP financial input in currency inputs is Nil. 

The main project inputs car 
be listed as follows:
 

a. Corstruct ion Rs. 306. 00 Mill ionb. Commodities Rs. 109.00 Mill ion 
c. Project Operations Rs. 79. 00 Mill iond. Training Rs. 59.00 Mi l ion 
e. Technical Services 
 Rs. 112.00 Million
 
f. Contingencies 
 Rs. 66.00 Mil1 ion
 

Total 
 Rs. 731.00 Milliorn
 

A currency exchange 
rate of US $ 
1.00 
 = Pak Rs. 17.00 is
assumed. 
In the budget, contingency allowances have been 
 included
at 10% of all costs as per procedures in vogue with GOP/GOS,excluding inflation. Inflation has been estimated at 5% of foreignexchange costs, 10% for non construction local andcurrency costs12% for construction in the budget. The cost factors for roadinputs reflect the full financial cost of under-costed items aridwere used to estimate the financial cost of ccnstructing aroad to maintainable technical 
new 

standards. The costs forrehabilitating 
a road built to acceptable standards 
were then
calculated on the basis of the work required for these operations.Annexure 6 shows the detailed workings. The calculated costs were 
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TABLE 15
 

SUMMARY TENTATIVE PROJECT BUDGET
 
USAID CONTRIBUTION
 

(Rs. Million )
 

Input Year 1 2 3 4 5 
 Total
 
FX LC FX LC FX LC FX LC FX LC FX LC
 

Technical 8.3 8.5 9.5 19.6 9.6 21.4 8.7 26.3 36.1 
75.9
 
Services
 

Training 10.6 1.7 13.0 4.0 10.2 4.4 9.7 43.5 15.0
4.9 


Equipment,
 
etc 6.0 0.9 44.6 1.4 46.9 1.5 1.5 2.'3 1.5 2.5 100.5 8.6
 

Constr­
uction 
 9.5 77.6 88.2 130.3 305.6
 

Operat­
ions 1.7 0.9 7.6 4.3 13.6 8.9 10.3 8.1 14.0 10.1 47.2 32.2 

Contingency
 
Allowance 22.7 43.7 

Total 7.7 1.8 71.1 25.4 83 111.6 31.6 124.4 33.9 174.1 250 481 
Rs. Million 

Source: GOS/FRDEC/USAID
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were cormpared t o t he act Lia 1 const ruct i on cost E. report ecd bydistrict engineers arid were f,icd t o be very sirii ar to the
repo',rted costs. Projec.ted costs for upgradirig to paved are Ns.4;70',0 000 per k i .,net re, Rs. 130, 000 per ki lometer 1or a low 
r'airiteriance katcha road ard Rs. 30, 000 per kilometre for a katcha 
access road keeping all factrs in mind. Technical services havebeen costed in accordance with recent experience of prcfessional
service firms. Allowances have been i cLuded for upgradinq arid 
furnishing. 

11 F. E rovi et flsp s 

Road constructio n arid iriprovements will essentially fol owpre--existin] pat hways and roadbeds and therefore will be 1ocat. dwith-ir cireas a1ready controlled by man for aqricultural p Urposes.
Fo; this samie r 'ams,:,,, r':oads will not take a si.g niFicanrt ar1: t 'I:
l iud out -::,f product io: nc ,'r" s.iiv-Ii ficant ly neqat ively irmlpact m i vi-'ra 1deposi Us, archaeo1g:i,cal sib es, ti iberland otrc her rescurces. Theproposed constructio rn is expected to ircrease activity al1-,nq these 
c,rr i d-:--.'s wi t h concom.:,rii i t ant s,:c i ,--cL 1tura I ripact s. The I nd LtsPlains in Sind Province ccnsist o*f sand, silt and clay allt vLi LIm s,
hundreds to thousand s oI feet over their old sedir ent-ary rocks.

Existinq vegetatio n c:onsi.sts of hardy rgrasses, bushes and 
 scrub
trees, rainfall is; iener'ally less than Ci0iriches per year. 1"heproposed proj ect will rt pose any sign i ficant I orl term neqative
iripacts on the i ,er, roriie.nt. 

11 G. Ccst fiva lsion 

The tentative costs and proposed arranqement for USAID
 
financing of each component 
 have been shown in Table 16. 

11 H. Federal Ro1eiri.Pr,..t Execution 

The pr,::,ject vi 11 be implemented in the Sird Provincial
District Counci Is b"t the FRDEC, ML.GRD, will provide overall
cococrdiriat ion arid technical assistance. Details have been provided 
already. 

11 I. Or---i.--iL-Mnaq.eetanimp I1eentati-cnSmed Iie 

During the ftirst phase, the Road Mairteniance Pro,.qraim i riqcoriporerit will be irpil erient ed in all of Sind's 13 districts. The 
compoen.rIt (-t a i is : 

i. Rural Roads Inventories
 
ii. Preliminary financial assessment
 

iii. Training for engineering personel
 
iv. Training for management personnel
 

http:roriie.nt
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TABLE 16 

Method :,f Method of Appr:x. Arm-,urit 
I rpl ernertat icr F i rarc i r, (Rs. Mill icr, 

Construct ion: Payrmert by LGRD 305. 643 
Re i riiblrserilerlt by 
USAID through MLGRD 

Comrmod i t i es: 
- Proj ect funded: [',:Mputers, Direct F'aymerint 6. 8 

Vehicles, etc:. by GOP or USA-ID 

Constructic,r arid GOP/GOS PFayriint 102. a04 
Mairi Ieinurict' Fquipmert with R eirilbur-­

semert by U3f ID 
Technical Services (AID Inst.
 
Competitive Contract ) to include: Direct Payrilert 112.048 
--US Techrical Assistarce by USAID 
-Local "technical Assistarlce 
--Local Adriin .Support Staff. 
-Local "E.-c:h arid ldrin. E ta f for
 
Sind LORD Divisiors
 
Training:
 
Local Traininq Direct Payment by 14. 960 

LUSAID or Reirmbiu­
rsemer,t to GOP/GOS

Overseas "rainirg " 43.469 

Project Operations and Other Costs:
 
Project Manaqer/Suppcirt Staff, Direct Payment by '79. 390 
Road Inventories, Evaluations USAID or Reimb.rs­

emernt ti: GOP/GOS 

Total 
 664.514
 

Contingency Direct Payment or GOP/GOS 66.451 
Re i ribr seerierlt 

Grand Tc.,tal 730. 965 

* The local technical staff for Sind LGRD may be hired by a 1oca1 
private cont;ractcr under direct AID contract, or may be included 
in the l:ong term direct Technical Assistance cortract with a US 
ins;itutior,. Direct payrmert wou ld be the riethcd of financirg. 

** These funds may be included in the lornq term US contract, in 
which case the method o'f firarcingq w':uld be direct re iribursemrn-t 
tci the corntrac:tor. 

The methods of implemertatior, above apply tc, both components of 
the pr:ject, withi the excepticr, ,::f corlst ruct i ,r,, const ruct i -,n
equip ment, and support for Sind LGRD which apply orinly to the rural 
roads c:riponent,ts and not to the po,licy cirlpcrer, s. (GOP/G 30> 

http:Reimb.rs
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On the basis c-f abcve irifcrriiatior,, the prc-ject will work with 
each d i st r, i c L t : def ire a feas i b IP :::ristr-uct i cr,/na i rlt enarnce 
p-grar,. This pri-,grarsi will be based onl a calculatior of:
 

1 The Maxii'uro Sustainable Service 
Leve cur-rent financial 
rescurces, that is, the maiaximum network -that the district has 
the f i narc i a 1 resources t . ria i rt a ir ari d n.', resources were 
develozped toz, expand the roz,ad netwotrk except as need arises. 

2. 	 The -- isti .. Sustaiiabie Sevice .... given t he ex ist i rig
conditicir, of the rc'ads arid assur, i nr nc i ricre in, rea I 
fur dirig for roads. 

These calculatiors will the, rmake it p,-,ssible to defi ne the 
foll,:,wii rq, which will 	 be th b;asiS Of the Phase II Pr'::q'r'arore: 

i. The pri,:Cities Fc:v exparsi,::r, .- f the katcha -r-,:,aci -y;t eri. 

ii. The addit ioral nmileaqe of paved roads that the di str ict 
w,-Ulc be able t.-, mai tain -ri a life-cycle cost bas; i .i;
] i ver cuirrert arid proj ect ed revenujes. 

iii. 	 Fir, in itial main tear ce pr-,c:railo , based ori the rmilea[e of 
moa i nt a i ra 11 roads ard t he districtI s curr-er,t 1y 
available funds fr.nrcals. 

o, 	 reedir,
iv. The ril -eaqfepaved -:.oads q rehab ilitatir,.-, before 
mainterance car begir, up tc the limiit of the district's 
firarcial capability to ca-ry out such lairterance. 

The second phase of the project will then begin in those
districts that agree to establish a Road Maintenance Uri it arid 
initially fund the mai nterarice programl in -the f:,l lowinrr year. 

As Phase II Octivitie.3 c,-rommnrce ir the Sirid, Phase-I t rair irig
arid anal .ysis defired above mayr be car-ied cut in the 	 rema i niriq
th'ree pro, i ces. Plhase II irv, lves the Road Maintenianice Maralererit 
Syster pr-oqqr-am .rid the Rcad System Irlprovemert pr,,grar.
 

Parti cipatUirg districts will receive the foz, lowirg 
 atssistance 
urder- the first year of the R-ad Maintenance Management System 
c i i pon Er'i t 13 

a. 	 Equipmenrt and cther c,rimc dities 

b. 	 Intensive technical Assistance 

c. 	 Trair irig ard Uther Assistarce to Lcal Ccnt ractcrs 

d. 	 Assistance to the Firancial arid Mara~erent Staff 

Under the Road System Improcvement comprent a pr zogram ozf ra
 d
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reconst ruct i r, upgrad i n , and, where appropri ate,coristructior 
will be carried 	
rnew 

out in each district. The first-yearpri, gram is desigired tc 	 close 20 per cent cf the deficit betweenthe Exist ing Sustainable Service Level and the Maximum Sustainable
Service Level in the distric.
 

Funds remaining 
 in the crstructior budget for the firstof Phase II may be all,-cated tc expansicr 	
year 

,-,f the katcha rietwo-rk to:,unserved villages. The corstructior program will als,, ircorporate
experiments with a variety of 1ow-c,-st and/ or ma i rt enance ­requirement cnstructior rmethods and designs, irrocrder to identifytechriic,.gies suited to the special conditiocris cf the Sind. To theextent pcssible, these experimental desigrs will be used cr katcharoads constructed 
 in the first 
year cf Phase I, in orderprcv ide t he 	 tomax i rmun ps s i b Ie per i oc :.,f c bservat i c,I. ShoIrtexper iriie-, Lal road may be ccnstructed in, the second yearp ur p,. c;E.-14 bsC.e 	 :rvat i,::,ar, nd imprcvemert of co:st 	
:,r 

est imat es fc:ralter-nat i v? designs. Tablo 17 shows irdicative target; f r, thethree years cf Pha-;e--II. 

In the situaticr, where less than half cf the rcaJ are in amain tain able conditicr, at the start of the projram the i strictdhc- ' starget would be based cr, 33% cf the projectecd erd-,:,f--pr,:,jec:trnetwc-,rk and the district 	 rcoad
mai nterance target for" each year would ingeneral be t he full n etwcrk :f maintainable 	 itsroads under 


cont rc at that t i rle.
 

Dur i ng f ina 1 year of the proj ect, emphasis willestablishing a maintenance budget 	
be p1 aced or,

for the following year 	that issufficient tc cover about 100 % cf the paved r,et wcrk, ardadditioral roads. These 
during imp 1emerit at ior, 	

targets are irdicative arid may be adjusted
as infcrmat ic, is gathered cr, roadsinvent ory and pre li mii nary fi ancial assessment 
 i, i rid iv i dualdistricts. USAID will 
 rot finance exparisir, of the road networkbeyord the level 
that the district has agreed 
 to irclud,-3 in theRoad Maintenance Units' maintenance prcgram by the end ofproject. Roads will 	 thebe brought t,:: a sustairable paved st ar datdwhen the district Will be able tc, perfo rm at least primarymairtenarice or, the Existirg Sust ai iable Service Level net wcork,including the upgraded rozads, ir, the fcol lowirig year.
 

The sustairability 
 of the riainteriance system establishedthe project wi 	 byl recq u ire c:,cr,t i rued G0S support f oririipr,:-.verler 	 theets adpo-pted by the districts. Cr.nsequertly, the technicalservices t eari will work with prcvircial persornel ir, the Planrrirgar,d Deve 1 ,pmeri t ari d L.,:caa 1 (.-ver rimert arid Rural Deve 1 m:reri tDepartrnent tc est abl ish the pozlicies and syst erm that suppc,rtmairteriance and eff i ci ent al 1cocat icr, ,-,fi n ve stremiert rc-s,:urces,
including plarined new c,-ristruc.ticr.
 

Tentative sumrilary schedules 
of act ivities for, the rural roadscornponent and the policy crilporert are presented ir, Anriexure 7. 
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TABLE 17
 

TENTATIVE TARGETS FOR PHASE 
- II IMPLEMENTATION UNDER THE
 
ROAD MAINTENANCE MANAGEMENT SYSTEM AND ROAD SYSTEM
 

IMPROVEMENT COMPONENT
 

Road Maintenance Road Syst er1 Irprcverilent 
Mariageric-3rt Systeri 'arg.-et s Ccrstrlcticr F-'r gra-ri 
as a PErc-entage c:f as a Perceritagiie cf 
Existing Sustairnable deficit irl Susstairiable 
Service Level Service Level 

Th i s 

Year Accurnlu I at i ve 

Year 3: 333%

Year 4: 67% 33%1 G Y. 
Year 5: 100 % 34% 100% 

Abo-ve are illustrative targets and are subject tco chargje or an as 
need basis during implernentatior. 
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The rural roads component is being implemented in two phases: 

This phase const it utes a two-year preparatory1. 	 Phase-I: 
period. Year 1 wi 1l irivolve: (a) preparing start Lp 

documentat ion; (b) contracting for a technical services 

team; (c) procuring equipment; and , (d) limited training 

activities.
 

During year 2, the tear will: (a) work with personnel of the 

two Sind divisions to czarry out 	 a roads inventory of each 

baseli ne i nforrat ion ; (b)district and to coIl ect other 

Cont in 1e th: training of district personnel in ma int enance 

pl anni ng and managerient ; and (c) identify current di strict 

maintenance needs arid capabilities. Maintenance equi pment 

nieedccd for Phase II will be procured during year 2. 

three years of2. 	 Phase-TII: This phase will cover the remaining 

the project. The technical assistance team will: a) assist 

the Sind districts to establish Road Maintenance Units in 

eac h DCO; b) Supervise a prg.1raM of road construction arid 
of therehabilitation carried cut under the s upearvi sion 

Divisonal Coordinating Committees; c) analyse the financial 

and assist the districts to mrakemanagement systems 

inprovements. 

These programres can be accelerated if desired by GOP/GOS. 

Project evaluations will focus or 	 the followqin issues: 

I. 	 P -ect j 1erernnt at i_, co.l including timing, level, aridrt..r ns_ 

quality of major input s, including particularly technical 

services, commodities, and construction (GOP/GOS/USAID). 

2. 	 Achi.vemertof out.put 5, irniLudi both immediate aid readily 

measured out puts, vuch as kilometres of road rehabilitated, 

and progress toward institutional izat ior of the road planning 

and 	 maintenance funct ions in the district councils 

(GOP/GOS/USA ID). 

3. 	 E. road..rt.eyLm, including the extent of 

the system and the level of raintenanice services on the road 

(GOP/GOS). 

4. 	 .S,-c.,Ec.-:.,..rG . t area, in terms of 

increased availability of social services, greater exports of 

goods and services frorm the project area, increased trade 

with other regions, expanded mobilization f local resources 

for provisoin of public services, 	 etc (GOP/GOS). 

The project' s eval uat ion schedule includes both internal and 

external evaluations as shown in Table 18. 

http:road..rt
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TABLE 18
 

TENTATIVE EVALUATION CALENDAR
 

Pr:'je ct
Evaluat ion Event Month Tirjrq 
(Est imat ed) 

Inception Report 
 15 4 months 

Service (Baseline after TST 


arrives 

Phase I Evaluation ;-7 3 months 
(Internal) after Phase-I 

corsipleted 


Mid-term Evaluation, 30 ;.:rn,-,rnths 

(External) 
 after internal 

eva 1uat i o.n 

Final Evaluation, 59 End of 3rd 
(External) Yr. /Phase. I I 

Note: 

Abcve estimates are subject to adjustments 
basis (GOP/GOS).
 

Source: GOS/FRDEC/USAID 

Part ici pants 

Technical Services 
Team (TST), Distr­
ict Ccuncil, GOP/ 
GOS. 

TST, Dist'ricL 
Co:'uncil, GOS, 
MGLRD, USAID 

GOS/GOP/AID 

GOS/GOP/AID
 

on as desired 
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The pririlary responsibility for internal evaluation will restwith 	the technical services tearn, assisted by the appropriate
GOP/GOS officials at all levels arid the 
USAID Project Manager.

External evaluations will be joinit GOP/AID exercises, with thetechnical services team providing a supportirg role as requested
but riot participating directly in the evaluation. 

The evaluati-r events include: 

.Iceti,-r.. _ Re,,r Currert status ,-,f the roads, current
maintenance pr,.]ran, current levels -f tax collected, 
current levels of social services. 

i i. 	 Phase I (I rit ern .l) : Del ivery of Inputs ( t irnirig, etc. ),
SLtCCEM5S o ri t i a I pro gram of trai r, ig ari d irvent ories,district acceptarice of Phase II pcgram ard m-di ficat iors
rjecessary, statLus c-f rati, ral ural rc,ads policy, arid results
of initial study of hi qhways pc licy arid finarcing. 

iii. 	 Mid-term V.Ov(iLAtiir,: In addition to providinq an iridep rendent
review of the firid irigs of the i rt erra I eval uat ion, themid-teorm eval uation will examine the validity of the project
co:ncept, in view of phase I results, part icularly withrespect to district wi 11 ingries to accept the proposed
mairte'rance arid cOnSruct ion prc]grarl, the severity of fiscallimits or, district maintenance activities, 	 toand the successdate 	 in achievirg desired policy changes, especially at the 
provincial level (GOS). 

iv. Final Evalitation: In this instance an assessment of social arid 
eco ro-rilic changes in the project area arid a determiration ofproject irplicatiors for future proqrarnmirg in Pakistan's
roads sector ard the potent ial replicability of the project o:r
its approach will be made ir addition to the rmid-term 
evaluati -r, issues. 

A surmary of the iriformatior required arid its source is shownin Figure 9. The project will generate nriost of the data recessaryto provide a suitable irfomation base for evaluating the project
aid its impact. The detailed road inventories conducted 
 in Phase Iwill 	serve as baseliries against which the status Of project roads
during Phase I car, be cormlpared. The iriception reprt will also
provide basic iriforrlat ior, 
 or the level of social services inproject districts ( scho,-cls, health cert-es etc. ), the levels oftaxes being presently collected, in the districts arid
subsequent reports wi ll permit the eval Uat C,rs tco t rack any
irnpricveriierit. 

11 J. Prcvirc i a .qales (GOS) 

The rural road programrme is being carried out nly 	in theSind 	Province orna Pi ot Basis, whereas the Highway Pol icy
coriporerit will be or Nat ioi ide basis. The Sirid Pro,vircial 
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Figure 9 

Expected Sources of Information for Project Evaluation
 

Type of Irforrilatior, Source Type of Docurnierit 

Baseline irformatior, on TST Irception, Reports
ccrdition, of roads, traffic arid analyses, road 
levels, district firances, inventories, etc. 
ard general ecorsor,ic conditior, coriparsied in phase 1 

Delivery of project inputs TST TST ard USAID records 
Achievernr~t of planned LGRD & TST Quarterly reports
levels :f wo,road rk
 

Achievemrent 
pri rairzi1 

of rai ntenarice DC and TST TSTF Reports 
r e ,",or ds 

DC 

Establishrnert of improved TST Quarterly reports 
f i narcial arnd rarager i a 1 
practices by DCs 

Establishment of improved TST 	 Official documer,ts 
plann irig procedures Quarterly reports 

Irnprozveriert cf roads policies TST & USAID 	 Official Policy 

St at eriert s.Change in cond ition of the 	 RcJ, aridDistt. Erg. d Invert-ry
Road. inspect ic, records 

Change in ecrorlic activity Distt. Courici 1 Tax receipts from 
export tax. 

Distt. Erg. Passenger arid 
goods traffic 
counts. 

Change in traffic Distt. Erg. Traffic courts 
Distt. Courici I Toll Receipts. 

Charges ir socio-econrnlic TS Contractor Quart er1 y
cond itio ns ( major ) reports (narrat ive) 

Agricultural prod uction Dist. Courcil Exp-rt tax receipts 

Increase in district Dist. Courcil Tax reccrds. 
r eve rniues
 

Establishmert cf user Charges Dist. Couricil Tax records. 

Not e: 
TST performarce will be related to 
procedural requirermerts of 
GOP/GOS.
 

Source: GOS/FRDEC/USAID 
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Government will be assisted by the technical services tearn to 
irmiplemert the following: 

Detter _qu!idarce cr corstrUctior costs arid . 
includirg cost guidances that permit high 

a. 	 prccedure 
construct i or 

st andards to be fol lowed arid encourage uiax irlurn 
developrmiert of the private sector. 

b. 	 Budgetary and pliCYuidarnce to the district councils 
regarding appropriate resource al ocat ic ns fOr rural 
roads. 

c. 	 IiP.,ved__sterqsto ro ritcr district courcilp 1- erf rrance 
in "resources generation, riainteriarice, construction, arid 
provisiorn cf services (GOS/GOP). 

d. Fax Pi.. ic .i:; a- id P.roced re' that enrco raL]e dist ric:t5 to 

ircrease revenue q:Pererat ic r arid ensure that districts 
receive their allotted share .f taxes collected by the 
Provirice -ri their behalf. 

e. 	 Adriiinistv.ti? .Iidarce to enicoura]e districts to 
establish accurt iriq arid d isburseiert prcCledures to 
corit r, 1 cocst s arid eIIsu're adequat e safe guard i rig of 
public rescurces. 

Although the Sind Local Goverrmert Ordinance has been issued
relatively recert ly, the province has made considerable strides
 
durirg the 
 past two years in improving assistance proivided to 
local courcils. The relatively mircr policy changes identified
 
above are expected 
 tci yield the desired imprcvemiert in district
 
performance; cajor changes will ri,-t be 
needed. 

11 K. Lirkane betweer Pr.-ramme Objectives and Proiect Cccipci.nerLts 

The link between prcgrammrie objectives arid project c, rnpor erts
 
is that without a 
 pro-per road resoIurces managemerit policy it is
 
futile to spend nilli,-,ns of rupees or, new roads 
because older
roads deteriorate to a point where they have to be replaced, which 
is not cost effective. It is essertial that be tosteps taken 
protect the irvestmrents made in roads by adoptirig suitable road
riairteriarice. The Project als, ertails c, rostructiconr of new roads at 
a mairtainable pace whi'-h provides eciornciic arid social benefits to 
the provirce, trainirg District Council personrel i ric. i rot ermirnce 
miaragemert, supply cif coirst ruct ior cach i rery etc. arid will
establish an irfrastructure for road resources cmariagemierit, which 
is much needed in Sird. 

1'. 	 Anral Financial Plhasir_ 

The annual financial phasing has been shown in Table 19 and 
20, broken by GOP arid USAID c:,ntributio.ns for the duration of the 

http:c:,ntributio.ns
http:Adriiinistv.ti
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Table 19
 
Tentative Annual Financial Phasing

Government of Pakistan Contribut-.on
 

Road Resources Management Project
 

(Rs. Million)
 

Year 
 '87 '88 '89 '90 '91 
 T,-otal
 
INPUT AND SOURCE
 

l.District Courcils 
Construction funds katcha 
Mair t. funds, excl. beldars 

2.Sind Prcv.Gcvt. 

a 	 Ru.ral Roads Prog. 

Project Maragement 

LGRD Div.Offices 


b 	Highways Prc-q. 
Project Maragement 
Analysis Prog. (C&W,PWD) 

3. Other Provincial 

G: ve rri sment 
Rur'al Roads Prcqrarmi 
Highways Prcgrarii 

4. 	Federal Govt. 
Mins.of LGRD 
Mins.of Finarice(iric.NTRC) 
Mins. of C&W (inc. NHB) 

SUB TOTAL

Ir 	 Iflat i on
Cont ingency (Prov.& fed. ) 

53.26 60.26 69.82 182.77 
49.92 
52.89 57.21 160. 02 
3.34 7.37 1.20 22.74
 

.120 1.31 2.47 2.49 2.49 
 8.89
 

.120 1.22 2.33 2.33 2.33 
 8.35
 

. 120 . 240 . 360 .36o . 360 1.44 
- .987 1.97 1.97 1.97 6.90
 

0 . 103 . 137 160 . 160 .542 
- . 061 . 090 .090 .090 . 330 
- . 023 .047 .'70 .)70 

0 .430 

.360 

.701 


.274 .356 

.181 .181 

.070 .141 

.023 .()35 

394 2. 100 .20)9
.015 .177 

TOTAL (Rupees) 
 .409 
 2.49 69. 12 85.46 107. 12 264.60
TOTAL (Dollar equiv.) .024 .146 
 4.07 5.03 6.30 15.57
(@1 $US = Pak Rs. 17.00) 

SUMMARY BUDGET TABLE, GOP AND AID INPUTS
 
(Rs. Million) 

SOURCE YEAR '87 
 '88 '89 '90 
 '91 CONT TOTAL PERCENT 
-
 -
AID 	 - ------------------­9. 2 

-

98.3 
--

207. 1 
--

167. 5 102.5 66.5 731.0 73.41GOP 	 2.5 69. 1 85.5 107.2 -- 264.59 27
 

TOTAL 
 9.61 100.8 276.2 
253.0 209. 7 
 66.5 995.59 

Source: GOS/FRDEC/USAID 

N!,te.:- The total project cost as cleared 
reet ing held ori 30th January 1987 was
including F.E.C. Rs. 246.40 r1illiir based 
rate of US $ 	1 = Pak Rs. 16.0C)0 prevailing atmleeting. USAID corilmitierit of US $ 	 43.0 million 

.211
 

.502 .572 .572 2. 075 

.360 .360 .360 1.441 

.141 .211 .211 .634
 

.642 .b42 .642 2.556 

.360 .360. .360 1.441 

.211 .211 .211 .846 

.070 .070 .070 .270 

56.88 63.97 7;. 95 196.2911.94 21.17 33.86 
67.22
.3(01 .310 .310 
 1. 11
 

100
 

by concept ccrilriittee 
Rs. 936. 96L ri i or 
at currency exchangqe 
the time of the said 

rermains firled up. 

http:Contribut-.on
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Table 20
 

Tentative Financial Phasing
 
USAID Contribution
 

For
 
Road Resources Management Project in Sind
 

(Rs. Million)
 

No. 	 Inputs Year I Year 2 Year 3 Year 4 Year 5 Total 

1. 	Technical -- 16.8 29. 1 31. 00 35. 0 111. 	90 
Services 

2. 	 Training ­ 12. 3 17.0 14.6 14.6 56.50 

3. 	 Corrod it i es 6.'3 46. 0 48. 4 a.8 4. C) 109. 10 

4. 	 Constr uc­
tic, n 9.5 
 77.6 88.2 130.3 305.60 

5. 	 Operat i ,::,ns 
and Others 2.6 11.9 22.5 18. 4 24.1 79.50') 

Tot a I ss: 9.5(.) 96.50C) 194.6 156.0 2J083.0 664.60') 

Cor, tinigercies at 10% 66. 460 

Grard Total Rs. 	 731. 06 or 731.00 rm:illion 

Source: FRDEC/USAID
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project. Project corponents are also detailed ir, the table year 
wise.
 

13. Source of Foreian Excharre Ccrporents 

USAID is providing $43.00 million (Rs. 731.00 million) for
the project. It is the policy of US AID that fundsall for 
reconstruct iron, rehabi 1 itat ion ard new construct ion aret rade
available only to the federal government. As thissuch project
will have to be established as federal project although the
project will be executed at provincial and district levels. The 
flow of AID furds is shown in Figure 10. 

14. Annual Phasigr---if P'hysicca 1 W-,r ks 

There are two compcrierits of the.? project. A) Rural Road 
Coriporent wh i ch i rivo1 ves const r uct i .-,n, reh a b i I i t at i :ri and
upgradirg arid B) Po licy Corsmpnrrent which i nvlves analysis arid 
training. The annual phasing of both of the comporents is shown in
 
Arinexure 7.
 

15. Date of Estimates 

December 1985 (d ur i rig appraisa l/surveys/ project paper 
compi I at ior). 

16. Unit Cost for the Outp-t 

The item is applicable onl y to the road const ruct i on 
c-rmp-rert of the project. Unit forcosts impr,,overmert/corstruct ion
of the roads are based or, acceptable engineering standards and are
prepared from -r, isite i riformat i on, costs reported by district 
engineers arid estimated costs based cn road inventories conducted 
in the three sample districts ,-,f Sird duly indexed fcor the
remaining districts. The corst ruct ion cost for a katcha road 
assuriles that it is built to a mairtairable standard i.e. built o, 
a 3-ft compacted formation with 20-ft road surface. Katcha access
r,-:ads will be built t,:. a lower standards because funds will rot be 
available to maintain them for several years. Costs f-,r upgrading
to paved road are Is. 42C), 000 per kil,::-metre, IRs. 1 0, 000 per
k iI omet re for a 1ow-ma i rit enarce katcha road and Rs. 30, 000 per
kiI ometre for katcha access. A 11 above roads are p1 anned f:'r 
proper designs and c-,sts are irdicative as iri November 19b6. 

17. AnulRerurrinrm1-xperditure After Complletio-n 

Arrual recurring expenditure projected for 20 years is shown
in the life cycle cost analysis discussed earlier. Average cost 
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Figure 10
 

TENTATIVE FLOW OF AID FUNDS
 

Disbursement of GOP advance
 
against AID funds in Arnual Development Programme
 

(to MLGRD/FRDEC Project Director)
 

LGRD Divisional Offices
 
(PLA held by LGRD Director) 

Conritracts with local corntract ors 
for road ccnstructic n 

Subrmissi,on cf vc,uchers to, AID 

for reimburserment
 
(through technical services teami and
 

federal Pr.:ject Director)
 

Reimbursermient in accordance 
with standard AID/GOP procedure. 

Source: GOS/FRDEC/USAID
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per year (exluding initial investment) is as fol lows: 

Type o:f Road Average 	 Cost/Year- per KM (Excludirng Initial Iriv.
 
(Rs. 1000)
 

Paved 	 22.55
 
Shingle 	 30.90
 
Katcha 
 8. 10 

These costs are recommended for construct ion, rehabilitation, 
or reconstruct icn of roads to maintainable standards. 

18. Benefits to the National Econormy 

Benefits to the rat jra 1 eConrly fro this pi l-t proj ec;
collprise of cost savings in the transp,-,rtation of farml produce
(rn:v'ketab le surpl us) aind farr inputs ( fert ili ser etc. ) result ing
from cc-nst ruct i n/ i mprovemert of rural roads and est ablishingr a
road re,-urces riAnIaaerinent system, rinai nt erance/road const ruct i --.r­
eq u i pment poc 1 etc. citc, her i nd i rect bene fits are: 

1. Significant increase in educatica oppcoirtunities and 
health facilities.
 

2. Increased of format i on tc' rura1flow ir 	 areas. 

3. Ircrernental prod uct ion of crops resulting fror, Lhe 
enhanced delivery Of agricul tLiral inputs. 

4. Reduction in the wastage of perishable farm products such 
as fruits and vegetables. 

5. Significant Decrease in the wear and tear of motorised 
vehicles.
 

6. Added value to the produce of the farmers which the 
"project is expected to generate on the basis of the econorilmic 
vallie of inputs and outputs. 

7. Ger-eration of off-far-m job opportunities. 

8. Stimufl atiOr *-'f sla ll scale enterpr ises such as
 
agricuiltural prcocessing.
 

9. Saving in travel time. 

19. A--P.Lri1;--i-teNumr-	 of Job qpportunities to be Crated 

The apprcoximate number of jobs to be created by this project
is 1263 man--rn,r-ths of professional level input and 2483 man-morths 
Of sub-professional input. There is scope of emplcyment of 62, 000 
man-months of unskilled labor. 
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20. c Life of the Roads 

20 years with the reccormended mairternarnce adopted ard furtherimprovemerts ircorpc:rated based cr implemertatior experiernce.. 

21. Lcan !tr te-jr _per_atiorl of Lc.an 

Not Applicable
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PART ' C' 

PROJECTREQUIREMENTS
 

22 (a) 
Siperva ',, a_ • - chnicalExeciti,-r, 

The tertative details of staff and marpower requir-emertsperscri-rioriths -nis sh,-,wr, in Figure 11. 

The tertative schedule fc,'r- echnicalfo-r this pilo't and en gineering servicesR'ac Resources Marirnement Project 
inare shownTable l. 

Ni I 

21.Ph ysaica a.irid.,:,the'r fac0ilities Rec-SLui req f cl rd t h is P r,..c 

a) Access Road 

b) Railway Siding NT L
 
c) Water NIL
and :ther ,tilibies

d) Fuel and Power NIL
 
e) Educatior NIL
Faci l ities 

f) Public NIL
Health Requirements
0) H,::usinq by type NIL 
h) Others NIL 

NIL 

2E4. t LL~1.2J P ri.d Eqtip q~t inp !
 
As per details 
in itern 11 C, Sub para 4 ,of Part-B 
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FIGURE_ ii 

TENTATIVE LEVEL OF EFFORT OF 
TECHNICAL-ASSISTANCE STAFF * 

__________ (P ERSON MONTHS) 
POSITIONS 87 88 89 90 91 92 LOCATIONS 

E XPATRIATE 

5 4CHIEF OF PART'f MANMONTHS KARACHI
 
2 ROADSJPIANNE AND
 

MANAGEENT SPECIALIST 
 I 54,MANMC NTHS ISLAMABAD 

LOCAL GC'dT.FINANCE 	 ISLAMABAD3SPEC!.AL,ST 	 dINS2 4 ISLAABA 

SHORT 7ERM U.S. ISUCH AS ECU;I*,ENT PrOC. SPEC4L.ST, 30 M ANN4 S7A1STICI..:S FCR MASTER PLANN NG 
OF ROADS ECUIP'AENT ENGINEER/TRAINlINGSPE.CI-ALIST. E.T.C.-

PXATA'II (PROFESSIONALS 

GENERAL MANAGER SI MANMCr|THS KARACHI
 
2 	 AS -ISA'T yAN AGER
 

FCR "COGISTCS 
 5L MANMCHTHS I
 

ASSST-'t MANCER F-,R;
 
3 	 PROC. 8 TAIN:NG L 
 51...MANMON THS 

IONE 1 
EACH ATKAP-I.CHI SLKK JR5
4 	 ACCCU~T.,rNT 3) i I153MANMGNFHS HYOERABAD. 

SENIOR ENGINEERS 	 ONE ECH IN SUK.R a HYDEABAD(EG'UIPMENT} (2) 72 I OACHIN SR

6 S RMACHINERY 


POOLS. 
(CIV ) 28 MANMONTHS FOUR EACH IN SUKKURBHYDERAaAD 

N OH PROJECT OFFICES.
 
7 JUNIOR ENGINEER 18) 
 288 MANMONTHS FOUR EACH IN SUXKUR a HYDERABAD 

PROJECT OFFICES.
 

8 SURVEYORS (2)' ONE EACH AT SUKKUR a
 
HYDERABAO. 

9 1"DRAFTMAN (6) 216,AANMONIHS 	 THREE EACH AT SUKKUR 8
 
HYDERABAD.
 

T0TL 19 
 ,,N~ 124 -IS 
SPROFFSSINAL, SUPPORT SUCXH l ESL 

10 	 SHORT TERM PAWSTAN I 21MANMONTIfiS ECON(,MIST, A ISTICLAN,ROAD GEOL.
OGIST -VALUATICN B MONITORING SPEC 

PAKISTA NI -IALISfSTR N N - PEC A -- .-­.1 c. 

_ ISUB-PRGFESIONALS)
 

11 	 ASSISTANT SURVEYORS(2) 2 MANMON'INHS ONE EACH CF SUKKUR &HYDERABAD. 

ONE FORPROJECT OFFICE ARACHI 

- TWO EACH ATSUIOLR a HY0ERAGAD. 

16 CAERTH) 
R360 	 TWO ATPROJECT OFFICE, KARACHI aMANMNTHS 
 THREE EACH AT SUKKUR a HYDERABAD. 

60 MANMOiTHS ONE EACHATKARACHI B ISLAMABAD B 

SIX EACH ATSUKKUR BHYOERABACL
I O(GUARMALISSEEERS 1224 MANMO HS SIX EACH FOR PROJECT OFFICES AT 

SUU' UR SHYOERABAD.
SUBJECT TO ADJUSTMENTS ON NEED BE BASIS AS MUTUALLY AGREED UPCN BETWEEN GOS
AND USAID
 

http:SPEC4L.ST
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Table 21 
Tentative Schedule For Technical 

And Engineering Services 
Road Resources Management Project 

1s;t Year 2rd Year 3rd Year 4th Year 5th Year 

Ha If : 1 1' 2 1 2 I a 1 

Personrrel 

Chief of Party xxx>xxxxxxxxxxx):xxxxxxxxxxxxxxxxx 

L.ccI Gos-verrrent x xxxxxxxxxxxx xxxx 
-.aa . Ce S peC i a I i S3t 

Er,g ineer irig x xxxxxxx xx xxxxxxxxxxxxXxxxy 
S upLrvi £ i. 

Local Support XXXXXXx<OxxxxxxxxxxxxxxxxxxXxxxxxxxxxxxx 

Source: GOS/FRDEC/USAID 



ANNEXURE 1
 

ROAD INVENTORIES 
 IN SIND
 



P R 0 F 0 R M A 

POSITION OF VARIOUS TYPES OF EXISTING ROADS UNDER ALL DISTRICT COUNCILS IN SIND 

S. NAME OF DISTT; EXISTI11G MAIN ROADS IF' K°.N EXISTl -3 LINK ROADS IN K.M. 
NOJ COUNCIL. METALLED 

RO ADS. 
BRICK 
ROADS. 

PAVED KATCHA 
ROADS. 

4r-TALLED 
ROADS. 

BRICK 
RODS 

iAVED f KATCiA 
RO AjDS . 

Requiremajor
_repairs. 

Requ.ire Requireminor majorre , reprep. 
Req. Require le-quir eminor major minorrepaire. repaire

repaire 

Req.minorrep ire. 
Req. Req.
repaire repaire 

.re 

Leq. Requireminor majorrepaire repaire. 
Requireminorir 

_____KX___ .I K-M K 2 A 3L.A-. M WA 
1. 2. 3. 1+. 6. 7. -8. 9. ic. ii. 12. 13. 1. 

1. Sukku- - - 10.0 - 212.0 100 5.0 7.0 41.0 32.0 605.0 3n4.0 

2. Dadu 7.0 15.0 - - 500.0 903.0 13.0 - 10.0 - 60.0 50.0 

3. Hyderabad 17.60 4.6 8.5 - 25.0 43.2 - 21.6 .. .. 45.0 

4. Naviabshah 36.80 8.0 - - 841.0 - 16.0 22.6 41.7 - 400.78 -

5. Shikarpur 5.0 - - - 150.0 120.0 2.0 5.0 - 5.0 160.0 117.0 

Jacobabad 13.50 - 3.80 - 406.0 - - - - 200.0 -

7. Badin 4.0 - 10.0 - 50.0 50.0 1.0 13.0 - 13.0 72.0 100.0 

8. Khairpur 17.0 - - 5.0 91.0 4.0 2.0 - - - 15.0 -

9. Sanghar .... 500.0 700.0 25.0 - - - 523.0 200.0 

10. Thatta -- - 20.0 - - - 205.0 -

11. Larkana .... 316.0 - 35.0 - 11.0 - 279.0 -

12. Tharparkar 7.0 - - - 1683.0 900.0 14.0 - - - 1300.0 900.0 

13. Karachi 41.0 11.0 - - 79.0 - 13.0 30.0 - - 51.0 112.0 

TOTAL:- 148.9 38.8 32.3 5.0 4853.0 2820.2 146.0 99.2 103.7 50.0 3870.78 1828.0 

Note:- Detail inventory will be carried out as per implementation schedule.
 

Source: GOS (vide letter no. RD/DIR(TECH)1-64/86/ 3 81 dtd.18/11/86
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The total mileage inventoried in each district, by type of road
 

encountered, is shown in Table II.-i
 

Table II-I 
DISTRICT ROAD MILEAGE -- TOTALS AND AMOUNT INVENTORIED 

Paved AC Paved Brick Shinale Katcha 

District lotal Inv Total Inv Total Inv Total Inv 

Sukkur 21 9 55 27 00 1172 354 
J acobabad 3 2 4 3 ) ) 627 424 
Shikarpur 13 3 4 0 0 C) 366 84 

!otals 37 14 63 30 0 0 2165 862 

% inventoried 38 	 48 NA 


Source: 	Road inventory data and information is obtained from the three sample
 
districts.
 

40 
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III. REHADILITATION/UP-GRADING
 

Within the three districts investigated, the rehabilitation needs
 
(termed "major maintenance" by the districts) involve the following
 

wor k: 

Paved Roads: Replacement of, failed or failing bituminous­
treated or A/C sections, installation of necessary
 
culverting, and the complete refurbishing of the shoul­
ders. The 
same would apply to the brick-paved roads
 
except that, in addition, the reparation of any edge

ravelling 
should be included in the shoulder rehabili­
tation contract. The shoulder rehabilitation will be 
assumed to consist of adding and mixing into the exist­
ing material approximately 1/6 CF/SF of l-1/2"-max ag­
gregate and compacting it flush with the edge of pavement.
 

Unpaved Roads: Several types of 
work will be considered.
 
First, where formations have eroded, they will 
be wid­
ened to 22 feet, the usual 
normal standard, or to 18 feet
 
if they are presently less than that width. 
 This work 
will be considered rehabilitation. Second, the surface 
material, usually a side-borrow of earth, sand and/or
silt, will be reinforced with crushed rack (appro:imately 
1/6 CF/SF of 2.--max> and compacted to forin a sound base 
course. Third, a 4" carpet (5" loose) of well-graded, 
crushed stone (w"-max) will be placed and compacted to 
provide a maintainable surface. Fourth, new culverting

will be provided 
where needed. "The latter three operations

will be considered up-grading.
 

The above quantities were assumed for 
costing purposes; actual
 
quantities will depend on 
the soil investigation of the existing surface
 
material and 
available borrow, during implementation. 

In each of the districts surveyed.'.(including those in the preceding
study) there is'a philosophy that gravel-surfaced roads are-expensive to 
maintain; that it is more economical to go directly to a paved surface
 
if a katcha road is to be improved. 'his does not agree with the
 
historical evolution of roads in most 
countries where an earthen road is

gravelled when the traffic reaches about 25-50 vpd, 
is given a
 
bituminous treatment 
at 150-250 vpd, and an asphalt concrete carpet at

about 800 vpd. 
 What the above philosophy fails to take into 
account is
 
overal.l economics wherein both first costs and user 
costs are
 
considered, not just those for maintenance. It would normally be
 
difficult to prove the economic viability of paving a road which served
 
only 25 or 50 vpd; however, in Sind Province the high cost of crushed

material and its trasport could add credence to the philosophy. When 
specific rehabilitation/up-grading projects are 
identified, a brief,

preliminary feasibility study might be warranted. However, opinion of GOS/

dOP will be predominant.
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A. SELECTION PRIORITY PROCEDURES 

Recommended priority procedures for the selection of roads which
are the most deservinq of rehabilitation 
and/or up--arading are asfollows: First priority shoutld be given to drainaqe; i.e., anyall--weather road in danger due to the lack of proper drainage, should besupplied with the necessary culverting. Second priority should be givento any paved surface requiring replacement and to the rebuildingshoulders over the entire paved network; clearly, 
of 

priority if ,nnly because of 
this work is of high

the major cost of the original investment.
Third priority must apply to the rehabilitation (and up-grading,
including any necessary drainage improvements) of those unpaved roads
with a salvageable formation, which carry sufficient traffic 
(at least
25 vpd), and which connect the largest concentrations of population -­provided that the financial resources are available to maintain these
roads. The fourth priority, if there are available funds, should go
into the construction of new katcha access roads, built 
to a-somewhat
higher construction standard, providing proper compaction and drainage. 

The third and fourth priorities above will 
constitute the major
effort and the maximum financial involvement. The to bringcost all thesalvageable roads up to a maintainable condition, however, would far
exceed both the USAID funds 
available, and the districts' maintenancecapacity. For that reason, priorities will have to be set 
between these
two classes of roads. 
 The bases for this selection should be population
served and forecasted traffic, with totalthe devoted to priority threelimited by the districts' technical 
and financial capacity for
maintenance. Population figures 
1931 

(by village) are available from thecensus; traffic data will 
come fron the recommended traffic
surveys. Initial 
identification of 
roads in each category should be
made by the councils themselves. 
 Traffic and population data can then
be used for 
a final selection.
 

The 
traffic surveys (oriqin and destination plus periodic
classification counts over 
12 consecutive months) and analyses will
probably require 15 months to accomplish. 
 This does not mean, however,
that rehabilitation and/or up-grading work cannot be started during the
first year; 
 necessary drainage improvements will 
be apparent, all
shoulders require refurbishing, all failed paved sections will require
replacinq and, inevitably, a few katcha rehabilitation projects worthy
of attention will 
be clearly obvious at 
the outset.
 

B. QUANTITIES
 

Improvement quantities were calculated usinq the inventory datacollected on of roadseach the reconnoitered. The results of those
calculations, and per-mile averaqes. are shown in Tables III-la. b andc. for the Districts of Sukkur. Jacobabad and Shikarpur, respectively. 
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Table ill-ta
 

[rT"TATIVE REIABILlIA11IDH QUANIITIES FOR 
INVENTORIED V"-DS
 

SUkKUR DISTRICT
 

Req'd
Culvts
Shoulder Rehabilitation
-

Req'd Formation Widening 


------...

Req'd Width Quant


Quint
Height Width 

(18" RCPI
Lenqth i/100 IFt) (CY)


(F) (CY)
(Ft)
Type
ID (Nil Surface 

To: 0
No From: 10 1369
1
0
0
3.5
Pre-Mit 0
4.2 5-12 -5 10 130 


- Km 0 4.2 0 0 1 

Hat Hwy to Sirdar Mohammed Khan 

6I.oto 
5 -12-5" Pre-hix 3 

10 1016 QNone . 1
0
0
3
Pre-Mix 0
205 hirpur-Dadleahari Rd to Khatian 3.3 5-1>-5" 1 8 3650 

to Hayat Pitafi 3m0 t2 1. 5.3 P-2-O 1 0 0Fre-Rix
Kathoul 0
49 1.4 1 0
0
0
.5
Pre-Mix 0
0 -12-0 10 326
212 .4 1
0
0
2.5
Pre-hix 0


207 Ghotki-khanpur Rd to Adilour-Salen Mahar Rd 1 5-12"-5" 1 10 2610
0
3.5

Nat Hwy to Sardar Haqi Khan Chiche 5-12-5" Pay Rehab 10 359 0None .8 I
-Km 4.2 5.0 0 0
3

Nat Hwy to Sirdar hohammed khan Shoto Brick 0
5"-12-5" 391
None 1.1 1 8
0
0
3
to Havat Pitafi )m 5.3 to k ?.0 Brick 1 4 78 0
49 kathoul 4*-1?*-4' 1 0 0
1.5 5-12.- Brick 


213 to Sui E-areef *. 

200 Daharli-Mihammadpur Rd 


717 00
 
ri 00 00 11 1010 815 

2.2 .5 
faro Lund to Peer Pakhrai km 0- km 3.5 Brick 0206 :.5 5-12-5 1 10 456

0 

All Mahar to Ghotki-Vhinpur Ra Brick 3 0 

574 0144 1.4 5 -2-5" 0 1 802
BrickBrick
4-1-
Ma7 2.2 5 -12-5 
hr2.3 0
khanpur Shahpur Rd to Haro 0 

8 9 
\ 

Shahpur to Bhetoor km 0 to Km . 4-l-5 Brick 1 10 291 
.1992 Adilpur-Saleh 0 0 0 365 

1.4 Brick 2 0_4
5b ""1.2 I. 5'-12'-4 3 0 0 1 


Sanarar to liqhatti 293 0
154 1 10
0 

51 Makankori to Shahpur Village .q 5"-12"5 Brick 3.5 0 


ka 5.0 - 5.9 
Wit Hwy to Sirdar Mohammed 

).han Shoto -
0 0 0 0 89 

mone . 24 Katcha 3 0
0 0 0 0 

2.6
Katcha
2
') 5ultanpur to Thekritho 8.1 0 0 10
0
Theiritho via Naooro 2 0

l 2 aisto 21. atcha 0
1.3 00
0
2.
atcha 0
Ai4 6oth-hanpur Fd to Haji Abdul laieed Khushk 

7.3 22 0 0 0

0


han hohitmad 'ureshi 2 

45 Ehetki-khinpur Rd to . 22 Katcha 0 

0 0 0 2
 
0
0 


Nat Hwy to Bihisti Arbab Shah 22' Katcha 2 0 50
41 8.2 0
0
0
Ji Barhi 3
4 6arhi Chakar to Abul 6.9 22 Katcha 3 
0 0 0


0
0
2
to Havat Pitaif Katcha
lb Jarwar 6.8 22" 0 0 90
2 0 0
Bizo taho'to Mirpur Mathelo 22 Katcha 
0 

0 0
B 1.2 0 

87 User Daho to Sarhad 22 Katcha 2 0 0 

0 0 0 61.9 00Katcha22'
Daharkikhenjoo Rd to Harli 
ShaLh 

5.6 
1.1 

0 0 0 
None 


1.8 0
1l2 khobhar Station to Sainev Jo 
Both 

22 Katcha 0 0
0 

0 0 0 

11.1 2 0 


67 Daharki to Xhenjoo 2.8 22• Katcha 
0 0 0 0 5
 

02.5to Moulvi Jo Both 22 Katcha 0 0147 -lathelo 3 0 00 0ito Bachai bund) 2Tando via Junq Katcha 0 0
150 Ghotki to 1.9 22' 0 0 

1l3hvar Chachar 2 0 0 
Ruk Farm to Gahi Khan Abro 

via 22" Katcha 0 0 0
140 0 0

1.6 
71 D;harki to Oadleahari 3.5 - - Katcha 0 

0 0 0 
V& 9.2 0 

Yaro Lund to Peer Pakhrai 
Km 3.5 - Vatchi 2 0 

22'
60 10.5 

Lund via I.ander Shakh 
58 Shaniro to laro 



Table IllI-la

TENTATIVE REHABILITATION QUANTIIIES FOR INVENTORIED ROADS
 

SUKUR DISTRICT 

(Continued) 

ID 
NA 

104 

qZ 

28 

185 

None 

4 
16, 
4 

4. 
I;. 

30 

144 

15 

lV 

None 

41 

110 
14: 

16! 

ZE 
None 

eq 

91 

121 

3? 
5b 

38 

None 

I 

I 

I1 

'I 

51 

from: to: 

khanpur-Wahi Shoto Rd to MashqhooI 6adni 
fohanaadpur to Adilour %ia khadwari 
Sultanpur to Saleh flahar Laniari 
HeleIi to Adh Lakho %ia Junas 
Nat Hwy to Sorho 
Paved Rd above to Canal ing 
DadlaQhar to 6arhi Chakar 
Nat HwY to Wasti Intat Shah 
RR IznQ to Sultanpur Chcechro 
Nat Hoy to Bihisti arbab Shah 
Phir to Jarwar-khanpur Rd 
Mubarakgur to Uchhai 
Ali Mahar to GhotLz-khanpur Rd 
Nat Hwy to Dubar 
Daharki-khenioo Rd to Mir khan Mahar 
Sooli to Nat Hwy 

gadirour to Miranpur 
New Rd to Eetha 8haa Chak Ha:arev Shah 
Adilour-Mathelo Rd to 6hulam Nohamiad Kaladi 
Nat Hwy to ka:: Wah Ful WaistInavat Shah 
BaQo thutto to Raharki 
Reti to Daharki 
Reti to kamu Shaheed 
Ghatti-Mathelo Rd to Arbab kaladi 
Dubar to Chousool 
Mathelo-Mithri to Ali Mahar Sher Mahar 
Shahpur to Bhetoor km 3.5 to km 12.5 
Payed Rd above to Ghotti via HLssain Belli 
Li 9.3 Rt 52 to Gawan 6arh 
Shahpur Villaqe to Nat Hwy ke 20.4 to Ka 25.6 
Shahpur Village to Nat Hwy Km9.8 to Km 20.4 
Puber to Sanm, 

Daharki to Dadlaghari 
End Rd above.to Makankori via Lohi _ 

Length 

i) 

3 

6.8 
6 

7.4 

2.9 

1.4 

10.2 

4 

6.4 

.9 
2.7 

2 

7.8 

3.5 

1.6 

1.4 

4.1 

4.7 
1.2 

5.8 

1.2 
5.2 

8.8 

1.3 

5.7 

10.2 
5.6 

5.2 

5.8 

3.2 

6.6 
3.7 

8.1 

1.6 

Surface 

2?' 

2?' 
22" 

22' 

22" 

22" 

21' 

21 

20. 

20' 

20' 

20' 

20 

20 

20' 

20-

20' 

20" 
20' 

20 

20' 
20' 

20' 

20 

20' 

20' 
20' 

20. 

20' 

20' 

20' 
19' 

19' 

18' 

Type 

Katcha 

Katcha 
Katcha 

Katcha 

Katcha 

Katcha 

Katcha 

Katcha 
Katcha 

Katcha 

Katcha 

atcha 

Katcha 

Katcha 

Katcha 

Katcha 

Katcha 

Katcha 
Katcha 

Katcha 

Katcha 
Eatcha 

Katcha 

Katcha 

Katcha 

Katcha 
Katcha 

atcha 

Katcha 

Katcha 

Katcha 
Katcha 

Katcha 

Katcha 

Req'd Formation Widening 

Height Width guant 
(Ft) (Ft) (CY) 

3 0 0 
2 0 0 
2 0 0 
2 0 0 

2.6 0 0 
2.5 0 0 
2.5 I 4987 
2.5 I 1956 
2.2 2 5507 
2.4 2 845 
2.8 2 2957 
2 2 1564 

2.7 2 8237 
2.9 2 3970 
1.2 2 751 
1.1 2 602 

2 2 3207 
1.4 2 2571 
2 2 939 

1.2 2 2722 
2 2 939 
1 2 2034 
1 2 3442 
2 2 1017 
2 2 4459 

2.9 2 11569 
2 2 4380 

2.5 2 5084 
2.5 2 5671 
2.5 2 3129 
2.5 2 6453 
1.5 3 3256 
2.5 3 11880 
2 0 0 

Shoulder Rehabilitation 

Req'd Width Ouant 

1/100 (Ft) (CY) 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Eulvts 

-

(18" RCP) 

!4 

11 

15 

S 

II 

,) 

1! 

0 

5 

11 

10 

9 

2 
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Table ili-lb
 
TENTATIVE REHABILITATION OUANII!!ES FOR !IUVENItORIED HuDS
 

J4OUA D DISTRICT 

Reo d Forzaticn Widening Shoulder Rehabilitation Cuwvts 

I 
.o Fro: To: 

Length 
(Mi) Surface hoe 

Heiqht 

(Ft) 
Widths 

tFt) 
Ouant. 

(CI) 
Req'd 

/l100 
Widths 

(Ft) 
Quant. 

(CY) 
--------­

t1' CF) 

7. 

12lC 

121b 

1J 

lla 

3 

?5 
14 
45 

30 

7bb 

55 

63 

49 
21 

Thul Saiful ;d tu Dinpu, 
K.Kot Shilarput Rd to Sheran Phao 
K.kot Shikarpur Rd to Dirt Mir Sundar Khan Sundrani 
[hul Hamavoln Ed tU Chandran 
KJ:ot Shikirnur Rd to Mir Walait Sera Piarani 
hul Sazfal Rd to Oinpur 

Joungal to Khan Mohd Pahore 
6arhi Khaitro to Bunle Daro 
Bahadarpuzr to karim Bux 
Jacobabid to old Janidero 
Madadpur to Metopur upto Dist. boundary 
Thul Jcd:Pac:a Road to Bahadurour via Zanqipur 
Thul Saifal Fd to Shah Nava: Khan Bunoani 
Mubarkpur to Old hiral 
Jacobabad to 8aiapur 

2 

.3 

.5 

.5 

1.2 

2 
12.4 

I 

5 

5 

10.9 

7.9 

6.5 

4 
7.9 

5 -12-5 

5-12 -5 

5*-12 -5 
6 -10 -6 

5"-12'-5" 

22 
20" 

20 

ls 

18 

lB' 

Is 

iB 

lB 
l" 

Pre-Mz 

Pre-Mix 

Pre-Mix 

Pre-Mix 

Brick 

Katcha 
latcha 

atchi 

1.atcha 

)atcha 

katcha 

i.atcha 

.atcha 

.atcha 
k.atcha 

3 

3 

3 

3 

3 

2 
3 

2.6 

2.2 

2.5 

2.1 

1.1 

.9 
2.5 

0 

0 

0 

0 

0 

0 
2 

2 

.2 

0 

.2 

0 

1 

I 
0 

0 

0 

01 

0 

0 

0 
14549 

1,)17 

430 

0 

895 

0 

13U8 

704 
0 

1 

1 

1 
i 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

10 

10 

1,) 

12 

10 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

652 

98 

163 

196 

391 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

3 

0 

0 

( 
) 

0 

1 
!5 

4 
A 

7 

7 
1 
4 

21 

(08 

f, 
5D 

74 

'7 

I! 

I! 

69 

I8 
78 

17b 
47 
40 

32 
52 

75 

7-

59 

0; 

64 

Jacobabad to Shdhpur 
Shahi Wah to Mire Sul Hasan khan Domkl 
Mir:a Wah t- Sanhai i Sarat 
Unhhar Fai~laN Station to Bahoo khoso eia Taoio Khoso 
Thul t~nhhar t: Dinour 
Moulxoad to Rthan 
Iacobabad Eaoaour 

Badani Rd to S. Mustafa khan Domki 
Thul Saifal Rd to Bashirababad 
Tanqxant to £hahi Wah 36 mile 
TanGwaniL iahi Wah 36 mile 
Dau to Chowk Marti 
Talani Mukam to Ohora Narri 
Jacobabad-Mouladad Rd to Haij Lakhair Brnhi 
Jacobabad to old Raihan 
Abad to Mubarakpur 

Thul Bahoo Rd to Gut Sher Khan kandrani 
Dodapur-G.Ihairo Rd to 
Hoor Wah t, Thul Town 

Maharabau .".Mir Hassan Khoso Railway Station 
rhut Saiti' Pd to s5in Dino Hoorini 

4 

2 

3 

8 
2 

5.9 

7.9 

I 

2 

9.4 

9.4 

9.9 
7.9 

1.3 

7.9 

7.7 

2 

3 
18 

3 
1.5 

18" 

18' 

18' 

IS 
18 
18 

17 

I 

17" 

17 

17 

17' 
17 

If" 

17 

16' 

16' 

1'" 

1 

15' 

IS 

katcha 

katcha 

Latcha 

Katcha 
Iatcha 
.atcha 

Latcha 

Katcha 

Katcha 

Katcha 
Katcha 

Katcha 
Katcha 

Katcha 

Katcha 

Katcha 

Fatcha 

K6:atcha 

Katcha 

Katcha 

Eatcla 

.5 

2.6 

2 

2.4 

.8 

2.4 

2 

2.1 

2.3 

2.3 

2.5 

2.5 
1.8 
2.1 

2 

1.3 

2 

1.5 

.7 

2 

1.6 

2 

.5 

0 

0 
.1 

0 

1 

1 

1 
I 

1 

1 
1 
I 

I 

2 

2 
2 

3 

3 

587 

508 

0 

,) 

31 

0 

3090 

411 

900 

4228 

4596 

4840 
2781 

534 

3090 

3915 

1564 

1760 

4928 

352) 

1408 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

3 
2 

16 
3 

9 

3 
0 
2 

4 
5 

0 

8 

3 

7 

6 

9 

4 



!able Ill-lb
 

TENTATIVE REHABILII. ';N 2UANTIUIES FOR INVENTORIED ROADS
 

JACOPABAD DISTRICT 

(Continued) 
Req'd Foraation Wideninq Shoulder Rehabilitation Culvts 

Dist 

ID Lenoth 

....................... 
Ieight Widths Duant. 

.......................-
Req'd Widths guant. 

Req'd 

No From: To: (Mi) Surtce Type (Ft) iFt) (CY) 11100 (Ft) ICY) (18" RCP) 

138 kaishikore to 8ahnnar 19.8 Ij Katcha 2 3 22070 0 0 0 1 

140 Buzapu: to Pacca Mahar 1 15 Katcha 1.5 3 BBO 0 0 0 4 

III karaivur to Sher Garh 4 IS Katcha 1.4 3 3285 0 0 0 6 

72 Satlal &a to Abdul Ghant Shah 2 1 Katcha 1.5 3 1760 0 0 0 0 

48 Sher khan Shanqer to Ar: Mohammad Tanuari 3 IS Katcha 2.5 3 4400 0 0 0 4 

54 Odhano to Pul Shuira 4 15 Katcha 1.6 3 3755 0 0 0 5 

50 Atrour to Dilaurad 11.9 Is Katclfa 1.6 3 11170 0 0 0 6 

?5a Ncorwah to ODUaurad via Mubirakpur 6 i5 Katca 1.6 3 5632 0 0 0 8 

L I Uchhar Railwav Station to rharri 6 15 Katchaa 1.2 3 4224 0 0 0 8 

66 

61 

Bahadurpur to Dil Murad Railwav Station 

Thul Towi to Tanquini via Unhhar 

1.5 

IS 

15 

I 

Katcha 

Katcha 

1.6 

.9 

3 

3 

1408 

7920 

0 

0 

0 

0 

0 

0 

4 

4 

41 hirpur to Saian Laro via Uddi 7.4 i katcha 1.4 3 6078 0 Q 0 1 

2 Ful Jaffirabad to Dau 5.5 Katcha 1.4 3 4517 0 0 0 5 

19 Jicobibad to Hvdercur 5.9 15 K:atcha 1.6 3 5538 0 0 0 7 

-2 

24 

Jacobabad to Niwa:o Jaqir via Sarhi Chand 

N a:o Jacir to koreja 

5.2, 

3.5 

I 

14 

Katcha 

Katcha 

1.1 

.8 

3 

4 

3356 

2190 

0 

0 

0 

0 

0 

0 

2 

0 

125 

63 

)..tct Kasmore pacca Rd to Pit Feeder 

Miaharabac to Mir Hassan Ihosc haiiwav Station 

2.2 

3 

4 

14 

katcha 

Katcha 

1.5 

1.7 

4 

4 

2581 

3989 

0 

0 

0 

. 

0 

0 
0 

6 

46 Thul to Garhi Hasan Shuth 6 14 Katcha 1.2 4 5632 0 0 0 to 

57 Jacobtabc to rubarkpur via Pnhwar 8.9 :4 katcha 4 17404 0 0 0 7 

9 Dcdaour G.khairo to Lal Shah 4.3 14 Katcha 2 4 b727 0 0 0 6 

7 Garhi Khatro to Dad Muhammad Lohar 4 If katcha 2.1 4 6571 0 0 0 4 

1 

25 

43 

109 

Dodapur Muranpur to Asirabad 

Abad to Raacanpur via rereia 

Mirpur Purriro to Mubarkpur via Chana 

Thul Saifal Rd to Jaloo 

2 

6.9 

6.9 

2.6 

II 

1I 

1 

I0 

Katcha 

Katcha 

Katcha 

Katcha 

2.1 

1.8 

I 

1.5 

4 

5 

5 

5 

3285 

12144 

6747 

3813 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

1 

3 

0 

51 Garhi 8hutto to Garhi Hassan 8.4 13 Katcha 1.1 5 9035 0 0 0 9 

122 Sadani to Gandhar 4.1 13 Katcha 1.4 5 5612 0 0 0 7 

42 

123 

Thul to Ghouspur via Nasir Shakh 

Badni to A.Razak Bhutto 

16.9 

1.6 

13 

13 

Katcha 

Katcha 

1.6 

1.3 

5 

5 

26439 

2034 

0 

0 

0 

0 

0 

0 

16 

1 

138 kashmore to Bahnnir 19.8 13 Katcha 2 5 38720 0 0 0 12 

141 Ioa Shakh to Bahaduran Pacca 13.9 1 Katcia 2.2 5 29900 0 0 0 6 

112 kIulu to Jaffarabad 10.9 1I iatha 2.1 5 22381 0 0 0 8 

53 Ihui-JCO R,'to Chandran via Sikandarabad 6 13 katcha 2.3 5 13493 0 0 0 4 



Table Ill-lb
 
TENTATIVE REHABILITATION QUANTITIES FOR INVENTORIED RDADS
 

JACOBABAD DISTRICT
 

(Continued)
 

Req'd Formation Widening Shoulder Rehabilitation Culvts
 
Dist ----------------------- Req'd
.-----------------------

ID Length Height Widths Quant. Req'd Widths Quint.
 

No sm,.: to: (Mi0 Surface Type (Ftl (Ft) (CY) 1IIO0 (Ftl (CY) (18' RCP)
 

4 [zdaur to Ratodero 9.9 13' Katcha 2 5 19360 0 0 0 9 
139 haii to Badani 4.5 13' Katcha 1.7 5 7480 0 0 0 a 
I1? lanQuani Rd to Bahadur khan chcso 1.5 13' Katcha 1.8 5 2640 0 0 0 5 
11 Ful Jaffiarabad to Jaffarabal Buledi 7 13' Katcha 2.2 5 15058 0 0 0 2
 
1i, edipur to Funhoo Shatti 6 13' Katcha 2.4 5 14080 0 0 0 30
 
58 lhul Saifal Rd to kiarmour via Moji pul 9.9 13" Katcha 1.6 5 15488 0 0 0 10
 

9B thul Saifal Rd to Ali 'ralhan via Juno Drakhan 3 13 Katcha 1.4 5 4107 0 0 0 6
 
12 Paliarabad to Haaeedullah khan Buladi 7.4 12' Katcha 2 6 17365 0 0 0 0
 
3 Chachar RR Station to Jaffarabad '6.3 11' Katcha 1.4 7 12074 0 0 0 9
 

114 Sher Wah to Chot 5.9 !1' Katcha 1.6 7 12922 0 0 0 12
 
115 Ghousour to Haibat 10.9 11' Katcha 1.6 7 23873 0 0 0 18
 
77 4hilarpur Kandhkot Rd to Baicra.ad 1.2 10' Katcha 2.5 8 4693 0 0 0 0
 
62 thul Bahoo Road to Wah Mistri 3 9 Katcha 2 9 10560 0 0 0 3
 

Total Lenqths: CY Rehabilitation: Average Quantities per Mile:
 

Pre-Mix Paved 3.3 Miles 110 Shoulders 336
 

Brick Paved 1.2 391 Shoulders 326
 

Katcha (20' Width 470.6 510511 Formation Widening 1085
 

Katcha >20" Width 15.4 15566 Formation Widening 1011
 

Total Inventoried 490.5 Miles Average number RCP culverts required/mile of --


Unpaved Network: 0.92
 

Paved Network: 0.67
 

http:Baicra.ad


Table Ill-Ic 
TENTATIVE REHABILIIATION QUANIITIES FOR INVENTORIED ROADS 

SHIKARPUR DISIRICI
 

Req'd Formation Widening Shoulder Rehabilitation Culvts
 

ost Req'd
 

ID Length Height Widths Quant. Req'd Widths Quant.
 

No From: To: (Mi) Surface Type (FtI (Ft) (CYI X/100 (Ft) ICY) (18" RCPI
 

I Shikarpur to Abdu via Jano and Buja Napar 9.9 5'-10'-5' Pre-Mix 2 0 0 1 10 3227 2 

5 Main Rd to Abdul via Bado Goth 3.1 18' Katcha 2.4 0 0 0 0 0 2 

1 Shikarpur to Jagan 11.6 18" Katcha 2.4 0 0 0 0 0 22 
6 Lodra to Shrine of Budhal Fakir 1.9 18" Yatcha 3 0 0 0 0 0 9 

100 Nis to Mir Daho 11.8 18' Katcha 2.7 0 0 0 0 0 10 

29 kbanpur to Thahirio via noon 6.2 18' Katcha 2.6 0 0 0 0 0 5 

46 Main Rd to Abdul via Sobho 6oth 3.1 17' Katch3 2.6 1 1576 0 0 0 8 

13 1.2 17" Katcha 2 1 469 0 0 0 3
 

3 Sultankot to Zerkhail 1.2 16' Katcha 2.2 2 5335 0 0 0 2
 
5 Larkana-Maudero-Shikarpur via Habib-Sherkot & Hajana 7.4 16" Katcha 2.4 2 6946 0 0 0 5
 

17 5 16" Katcha 1.8 2 3520 0 0 0 6
 

184 13 16' I:atcha 2.2 2 11186 0 0 0 6
 

4 Shah Pisand to lhahiz Wah 4 14' Katcha 2.1 4 6571 0 0 0 3
 

L. 2.2 14" Katcha 1.5 4 2581 0 0 0 4
 

None .6 13' Katcha 1.4 5 821 0 0 0 1
 

Total Lenoths: CY Rehabilitation: Average Quantities per Mile:
 

Pre-Mix Paved 9.9 Miles 3227 Shoulders 326
 

Brick Paved 0 0 Shoulders N/A
 

Katcha (20' Width 77.5 39006 Formation Widening 503
 

Katcha )20" Width 0 0 Formation Widening N/A
 

Total Inventoried 67.4 Miles Average number RCP culverts required/mile of --


Unpaved Network: 1.11
 
Paved Network: 0.20
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Annexure 2
 
Supplementary Information on Economic and 

Financial Analysis and Plan 

I. Overview
 

This annex provides additional information on the methodology
used in completing the financial 
 and economic analyses for 
the
Project design, in particular the assumptions used and the source.­
of the estimates underlying the analysis.
 

II. The District Road Network in the Sind
 

The projection of the extent of the district road network 
at
the time of project start-up in 1986 is derived from the 
 official
NTRC (Planning Commission) statistics on the 
road network under
district councils 
 in the Sind in 1980 
 and 1983. The absolute
growth in the road system between 1980 and 
1983 was calculated and
it was assumed that atleast an 
equal amount would be added to 
 the
 system between 1983 and 1986 
(FRDEC/NTRC).
 

Since this clearly implies a slight decline in the rate of growth,

it is regarded as a conservative estimate.
 

The summary figures are 
as follows:
 

TABLE NO, IT-I
 
CALCULATION OF 1986 ROAD NETWORK 
- SIND
 

MILES
 

Paved Shingle Katcha
 

Road in 1980 
 120.3 137.2 
 8030.2
Roads in 1983 
 274.3 215.4 
 9019.3
Mileage added, 1980-83 
 154.0 92.4 
 1067.2
Estimated mileage, 1986 
 428.3 307.8 
 10086.5
 

Not totally built to 
desired standards.
 
Source: GOS/FRDEC/USAID
 

To calculate the need for rehabilitation on the paved 
roads,
it was assumed that 60 percent 
of the roads built prior to 1980,
20 per cent of the roads built between 1980 and 1983, and none 
of
the roads built since 
1983 would need rehabilitation. 
Applying
these percentages to the figures 
 above yields an estimate of 103

miles total needing rehabilitation.
 



In the three sample districts of Sind inventoried, almost 
no roads
were found needing major rehabilitation, 
but all roads needed
shoulder work. The roads in 
the districts further south are 
 older
and, therefore, 
more likely to need 
 rehabilitation, and thus 
an
intermediate figure 
was used. The estimate of 103 miles may 
 thus
be viewed as 
 extremely conservative. 
 The cost of 
 this work was
taken as Rs. 280,000 per mile, 
as 
cited by local engineers, but is
substantially above the figure developed for the Sind based 
on the
inventories ( Rs. 115,000 per mile 
). It was decided to provide 
a
separate cost estimate for shoulder work on 
paved roads.
 

In addition 
 to the rehabilitation cost 
 in the budget, to
ensure against overstatement 
on the Katcha road construction
program, the 
 cost of 
 the rehabilitation 
alone was used in the
economic analysis, as 
being more representive of 
 the expected

expenditure on 
paved road rehabilitation.
 

It is assumed 
 that roads needing only shoulder work
maintainable, are
and thus included in t!L 
 projected Existing
Sustainable Service Level ( ESSL ) for 1986. Thus the 1986 ESSL is
325 mi. ( 428-103 ). It was further 
 assumed in the 
 economic
analysis that 
 the mii±-age needing rehabilitation 
would remain
constant between 1986 and the start of project road rehabilitation
 
in 1988.
 

III. District Resources for Roads
 

District council resources for roads are calculated on the
basis of data provided by the Sind Department of Local 
 Government
and Rural Development on district council 
 revenues in 1983/84 
 .
This data tallies 
with the detailed information gatherec: 
in the
three districts. The 
 rate of growth in revenues was arbitrarily
assumed to 
be 5 per cent 
per year, which is extremely conservative
in view of the much higher growth in council incomes which grew at
a compound rate of roughly 65 per 
cent since 1978/79. Since 
 a
primary emphasis 
of the project is expansion of local council
resource generation , 
 it was assumed that 
the council revenues
under the project would grow at 
10 per cent annually, beginning in
1988, in the with project case. 
In both estimates, it 
was assumed
that provincial grant revenues would 
 remain frozen 
 at thQ 1984
level of Rs. 21 million, in real terms.
 

The analysis of 
 district council expenditures 
in the three
districts formed the basis for the projections of expenditures on
roads in both the current and development ( in.estment 
) accounts.
Table No.II-2, and 11-3 summarise these assumptions.
 



--------

TAQ11-P No. 

SASSUKT ONS ON DISTRICT.EXPENDITURE BREAKDOWN, 
I C ~Percentages il 

*~2:Road-related Other~ Total, 

~, Development buge .25.50~
 

~pv0erati±ng~budget;O 
 .4105,~ .395 .50,
 

off which belders~ on~Katcha'
 
I roads sand nat transferable '--~~ 

us:to other B6E.040 

Total:o~Source: GOS/FRDEC/USAID 

Rad
IV 2<- Con~struction- and 1aintenanreCostp
 

SIn 
4gener~al, rthe costs used for roadcnutonmaintenance were derive d from USAID.1 counst-ip ad ~ ructi~onoanc
 

the~~~~ofaot"~to as~ deduct9 dfomcost:_ of 4'equipment. 'Depreciation 'however, was. ,o 
the hu 1~i

deducted#,i4t 'wasnot-,possible, to-perfor'm .az*para1&'lel ,exercise i.the .
current iexpenditures,I nor, were.- shadow pr ces used,'t~o refleot topporftanity 'cost ~of unskcilled:labor, ( which se "to'
 
,inthSndduring mostof th 
 year. ) dislec
 

Tee.assumptions 
do not have, a material.. i.mpact or 
outnmeofl heanalysis 
 since in most cases- they would te..':,anelteachpotaercout.,IFor 
 emleth inclusion.",of dep~eWjJ ,..f~en thedgcpiU ' equipment is also:4Lncluded -,he
AID budget )"eultsin


U0,ecn, 
a degree of douiblt countingic!. all equipment is not~use d C le_ 1'.1an,maintenance~, full -time,in '_o ad4A'w4~houldA tend 4to balance, thie failure. to Aconsider' shadow-price diesel and ot'her imported- in~puts.-U
 

Table: :NoI4, 
 summrizes ~the~ life-cycle >costsU on ananalized bai o ae oads and shing'le.$lroade in~the Sn.
The' "costs sGhown' are annualized finanial cots(20ya_1 ndscountSid,
of 4~AV-Uassuming.'at th'~ e. 'In 7 'he 

anca ss
the,~ogiravelL roads, ,it is,_assuon-,ht',he 2fo road- ( -ADT o .~apprdxinmate.j,,,_rgravellj n average 50 is ~,h 5 U­4and:- hVen eVer Ufive y, r-aIaftier inl II'construction:10 ,ears (fl1. 3 gravoJlings over~ the tear'atd the,, foo t 15 periodUf 'road (j'ADT approximately ,23- J~regaveledon , he average 8Syear~s after construation#: 'and,, then­* r eas .7 grialX-ngs over the 12 yor-Aero 

<'> 

-~ 

' 

4 
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As shown in 
 the table, the annualized financial cost of a

paved road is less than that of a 
 22-ft. shingle road and only

slingly hiqher than that of 
an 
18-ft. shingle road. Moreover, the
 
shi-gle road has amuch higher maintenance cost, creating a larger

recurrent cost burden, which is relatively more difficult for 
 the
 
districts to finance than initial construction costs.
 

This analysis was also carried out 
in economic terms, taking

into consideration vehicle operating cost savings, discounting the
 
stream of costs at 
12 
 per cent , and taking the initial cost as

the cost to upgrade from katcha, rather than the full construction
 
cost. This analysis shows that 
 a paved road has a discounted
 
average life-cycle cost of Rs. 42,568, 
 compared to a cost of Rs.
 
44,538 on a shingle road, assuming an ADT of 25 vehicles per day.
 

TABLE NO. 11-4
 

COMPARISON OF PAVED ROAD AND SHINGLE ROAD COSTS, SIND PROVINCE
 
Rs. per year, over 20 years )
 

Paved Road 22-ft. Shingle 18-ft.Shingle
 

Initial construction 
 51693 38306 38306
 
Annual direct costs 
 17933 7130 5130
 
Overhead 
 2331 927 
 667
 
Contract maintenance 
 -- 30197 23139 

Total 71957 76560 
 67241
 

Note: 
Separate estimates of construction cost not available for
 
22 foot and 18 ft. shingle road.
 

Source: GOS/FRDEC/USAID
 

On the basis of these findings, it was determined that it

would not be appropriate to encourage the districts 
to choose
 
shingling over paving when it becomes necessary to upgrade a 
 road

&ue to increasing traffic. Consequently, only paved and katcha
 
roads were considered in the economic and financial analysis.
 

This finding is believed to apply only to the Sind, which has

virtually no sources of gravel within 
 its borders. The gravel

roads that have 
 been constructed in the past have not been

regravelled, due to 
 the high cost involved, and have therefore
 
reverted to 
 katcha road. Brick-soled roads however are 
 also

classified as 
gravel roads for purposes of the national statistics
 
and are fairly extensive in Sind. 
 These are expected to prove to
 
be a more economic form of staged construction than use of gravel

roads. In the economic analysis, only paved and katcha roads are
 
taken into consideration. This issue 
will be further looked into
 
after additional information on 
the costs and performance of brick

roads, and appropriate maintenance practices on this type of
 
surface is gathered.
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V. Rands Prngrm With and Wt h t thF Prnmjpf-

District council road construction and maintenance activities
 
in the absence of the project are modelled by projecting the
 current situation forward without 
modification. 
 The mileage

constructed each ye~ar is projected by estimating the total budget,

and the roads develnpment budget as a proportion of the latter.
 
This total budget is then divided between katcha road construction
 
and paved works, with the 
relative proportions chosen based 
on
 
information from 
Sukkur District in the last year available (

1984/85 ). In this year, 
 sample Sukkur District spent 18 percent

of its road development budget on 
 katcha roads and 82 percent on

metalled and brick-paved roads. To 
 be conservative a split of 25
 
per cent katcha / 75 per cent paved 
was used. These budget figures
 
were then translated into mileage 
 by dividing by typical

construction costs for 
 district council 
 works ( Rs. 30,000 per

kilometer for a new 
katcha and Rs. 210,000 for a "new" paved road,

that is, an upgrade of an 
existing katcha road to pavement ).
 

In the no-project situation, 
 however, it is assumed that

paved roads would need rehabilitation every seven years, at 
a cost

(approximately) of Rs. 
168,000 per kilometer. The cost of 
 this

work, based on the mileage built or rehabilitated seven years

previously, was deducted 
from the funds available for new paved
 
construction.
 

In the with-project situation, it 
was assumed that districts

would continue to use the same proportions in allocating funds 
to
 
development and, within development, to roads. assumed,
It was 

however, that districts 
 would shift construction 
funds toward

katcha roads, spending 67 percent 
of their funds on katcha roads
 
and 33 percent on paved 
roads. It was further assumed that

rehabilitation would 
 not be necessary during the 20 year 
 time
 
horizon of the analysis, given an 
adequate maintenance program 
on
 
the paved roads.
 

To determine the mileage of 
 paved roads that could be built

following the life-cycle cost principle, the total funds available
 
for paved roads were calculated. These consisted of the sum of the

construction funds 
( less funds reserved for katcha roads 
) and

the operating budget for roads, the latter 
was adjusted to reflect
 
an expection that a 
portion of the beldars currently employed will
continue 
to focus on the katcha roads, and thus the cost
 
associated 
with them is not transferable to paved 
 road

maintenance. This total 
was then divided by the life-cycle cost of
 
a paved road to arrive at the 
Maximum Sustainable Service Level
 
MSSL), given district resources.
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To be conservative, it is not 
 assumed that districts could
 
freely transfer resources between construction and maintenance 
to

reach the Maximum Sustainable Service Level, however. Instead, the

mileage of paved roads constructed each year was calculated by

dividing the construction budget available for paved roads by 
 the
 
cost of upgrading one 
mile to paved status.
 

As shown in the with-project projection ( see Table 6 in 
 the

Economic Analysis Section 
), this results in construction of less

than the MSSL mileage each year. In fact, the districts have more
 
than sufficient funds to manitain 
 more paved roads than they are

"allowed" to 
build in the model, which requires concentration on

katcha roads. As shown in the table, there are 
sufficient funds to

maintain the MSSL paved road network in all years but 1988, but

the districts do not have 
 sufficient construction funds to reach
 
this level. As a result , there 
is a "surplus" of funds in the

maintenance budget for paved roads. In the analysis, 
this surplus

is simply ignored. That is, it is assumed that it 
is used by the

districts for activities other than road
paved construction,

Kathca road construction, 
or paved road maintenance. The beneifts
 
of this activity are not included in 
 the analysis, nor is the

surplus counted 
 as a cost. These funds would in theory be
 
available for maintenance of katcha 
 roads, recycling into the
 
construction budget or non-road-related uses. In effect, 
 this

introduced an additional margin 
of conservatism into the
 
projection.
 

VI Renefit- from Dlctrict Cruncl 
RnAd_
 

As discussed previouslyin the text, benefits are derived from
 
two sources: beneifts on the paved netowrk are defined as 
 vehicle
cost savings, compared to the situation that would prevail in 
 the

without-project case, while benefits from katcha roads are defined
 
as the value-addeed from additional transport, using freight rates
 
and passenger fares as a proxy for net 
 economic beneifts to the
 
users of these services.
 

In the case of paved roads, the benfits may be further broken

down into two categories. Where the total is
paved road network 

larger in 
one case than another, it is assumed that the additional
 
mileage of 
 paved roads is in good condition and generates the
 
vehicle operating cost savings associated with driving on a paved

road in good condition, compared to driving on a katcha road 
 in
 
average condition.
 

In the case of the remaining mileage C the "overlap between 
 the
 
two projections "), it 
 is assumed that vehicle operating cost
 
savings accrue only in the with-project case and 
 are due to the

improved condition of paved roads that would exist in either case.

Thus it is assumed that these paved roads remain in good condition
 
in the with-project case, but good
vary from to poor in the

without project case, depending on when they were built or last

rehalitated. Thus, a road is assumed to be in good condition for
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the first two years after construction or rehalitation, in fair
 
condition for the 
next two years, and in poor condition for the
 
following three years, after which it 
is rehabilitated again.
 

Table 11-5 shows the cost savings associated with each of
 
these differentials as calculated from 
information from NTRC
 
and MLGRD.
 

TART.F TT-5 
OPERATING COST SAVINGS PER VEHICLE-DAY
 

ON PAVED ROADS C Rs. )
 

Vehicle operating cost
 
Road Condition saving per vehicle per day
 

Paved road in good condition
 
compared to paved road in
 

fair condition 
 .14
 

Paved road in good condition
 
compared to paved road in
 

poor condition 
 .54
 

Paved road in good condition
 
compared to katcha road in
 

average condition 1.26
 

Source: NTRC (Planning Commission)/FRDEC/USAID
 

These savings were then applied to the projected traffic
 
levels and mileage to derive total vehicle operating cost savings

in the with- and without-project cases. It should be noted that
 
there are more 
paved roads in the without project case in the
 
early years of the projected period and thus the net 
 vehicle
 
operating costs savings from additional paved roads are negative.
 
In addition, the savings in the with-project case due to better
 
maintenance are negligible at the traffic rates assumed. 
 This
 
reinforces the 
 view that in the current situation it is mci'e
 
economically attractive to 
build new katcha roads than to upgrade
 
existing roads to paved.
 

The vehicle operating costs begin to exceed the cost of 
 the
 
upgrading at a traffic level of 85 ( assuming an initial 
 katcha
 
road construction cost of Rs. 30,000 
 and no subsequent
 
expenditures; if a low-maintenance requirement katcha road 
costs
 
Rs. 180,000, then the break-even ADT where the additional 
cost of
 
upgrading to paved equals the vehicle operating costs would be 60
 
vehicles per day ). In either case, 
 however, the stream of
 
benefits generated from new katcha road construction far exceed
 
those from upgrading at any reasonable traffic level.
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Benefits from 
new proper katcha 
roads are calculated on the
basis of freight rates and passenger fares, the source for 
 both
rates is the report on farm to market roads 
in Pakistan prepared

for the Asian Development Bank.
 

VII Total Road Costs and Calculation of Net Benefits
 

The net costs in the with-project case 
are taken as the sum
of AID's input to the project ( 
inciAdina contingencies but

including inflation 

not
 
) and the additional expenditures on roads
made by the district council. Other expenditures by the Government


of Pakistan 
 are not expected to 
 be additional to expenditures

without the project and are 
therefore not treated as 
a cost.
 

District costs with and without the project are taken 
as the
 sum of expenditures 
on paved and katcha roads, including

construction and maintenance 
( which is limited to beldars in the
 case of the katcha roads 
). In the with-project case, this sum 
 is
somewhat less than the total 
 funds estimated to be available 

roads, as discussed above. The 

for
 
excess of expenditures with the
project over the without-project case 
( over the 20-year period


is taken 
as the net cost of the project.
 

These net costs are 
then compared to the benefits calculated
 
as described above to 
 generate the net benefits 
 in each year of
the 20-year time horizon for the analysis. These net benefits

then discounted 

are
 
and summed following standard 
 procedures to
produce the undiscounted net benefits, the net benefits discounted
 

at 12 percent, and the internal 
rate of return.
 

Table Nc 7,8 and 9 
in the main 
text show the calculation of
the net benefits and costs 
in the with-projert and without project
 
cases.
 



ANNEXURE 3
 

TRAFFIC SURVEYS 
ON THREE SAMPLE
 

DISTRICTS 
 IN SIND
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Table [14
 
12-HOUR (0600-1800) TRAFFIC CLASSIFICATION COUNTS
 

Sukkur District
 
(11, 12, 13 & 14t May, 1985)
 

(Continued) (5)
 
(6) (8)
 

F 
A H A 
R 0 N 
h T (17) I 

(4) 0 H 
) T R B A 

(2) S R I L 
T (3) U A C C 
R B z C Y Y C 
U U C U T C C A 

Road 
 C S A K 0 L L R Totals
 
K E R I R E E T
ID 


No Origin to Destination Type S S S S S S S S 1-8 1-5 6+7
 

206 Nat Hwy to Sarder uhatsed Khan Ghoto P 0 3 1 4 3 7 16 13 47 11 23
 

184 Salehpal to Sangrar flinar Put P 0 5 2 7 5 8 5 21 53 19 13 
169 Ghotki Khanpur Rd to Khanpur Mithri Rd U 0 7 0 6 4 0 10 15 42 17 10 
176 Bhir to Jarmar Khanpur Rd U 0 6 2 6 0 10 10 15 49 14 20 

1815 at Hwy to Sorho U 2 4 0 8 4 0 16 18 52 18 16 
114 Wahi Ghoto to Sardergarh U 0 3 2 15 15 34 10 44 123 35 44 
112 Yhobhar Station to Maincy Jo-Goth U 0 0 1 12 B 25 15 39 100 21 40 
III Lawnli to Mirpur Mathelo U 0 0 0 9 2 12 20 30 73 11 32 

104 Yhanpur Wahi-Ghoto to Mashgool 6adani U 0 9 3 21 2 19 10 19 82 35 29
 
147 Kathelo to floulni Jo 6roth U 0 4 5 24 3 20 22 43 121 36 42 
144 Ali Mahar to Ghotki Yhanpur Rd U 1 11 2 1I 25 1 28 77 160 54 29 
122 Wass to Thekratho U 0' 0 It 20 0 21 27 97 176 31 48 

1B2 Dubar to Chousool U 2 11 8 17 4 19 26 57 144 42 45 
116 Salehpa1 to rotri Minor U 0 12 2 22 4 19 14 27 100 40 33 
74 Bilihui to Chousool U 0 0 0 4 2 10 20 14 50 6 30 
88 Bago Daho to Mirpur Mathelo U 0 2 2 9 0 18 20 17 68 13 38 

92 Sultanpur to Saleh Mahar U 0 3 4 19 0 26 20 30 92 26 36 
94 Dari toMakesro U 2 15 2 10 0 7 15 16 67 29 22 
102 farolund to Dadleghari U 8 6 2 17 7 24 28 41 133 40 52 
63 Jizangarh to Sardargarh U 0 0 0 0 2 17 13 24 56 2 30 

67 Dehrri to rhanjoo U 0 2 0 4 2 17 14 8 47 8 31 
9 Leli to rau Shheed U 2 0 1 B 3 (B 11 21 64 14 29 

NOTE: 'P': Paved; '= Unpaved
 

"'UPCE: Distrzct Council, Su~kur District
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Table 111-2 
12-HOUR (0600-1800) TRAFFIC CLASSIFICATION COUNTS 

Sukkur District 
(11,12, 13 & 14, May, 1985) 

(5) 
(6) (8) 

F 
A M A 
R 0 N 
M T (7) 1 

(41 0 M 
(1) T R B A 

(2) S R I L 
T (3) U A C C 
R B Z C Y Y C 
U U C U T C C A 

Road C S A K 0 L L R Totals 
ID K E R I R E E T 
No Origin to Destination Type S S S S S S S S 1-8 1-5 6+7 

71Dahari to Dadeghari U 0 3 6 6 1 15 20 12 63 16 35 
57 Shahpur to Saileh Mahar U 0 2 2 7 0 17 21 6 55 11 38, 
47 Alaani to Hayal Pilafi U 7 6 12 12 19 24 16 33 129 56 40 
58 Sahanuro to Yarolund U 0 8 6 5 0 21 10 13 63 19 31 

60 Yarolund to Pir Palehrai P 0 6 2 5 1 22 15 18 69 14 37 
48 Ahtel-Ji-Garhi to Dadleghari U 1 3 3 12 0 13 15 9 56 19 28 
51 Snahur to Jivinairh U 0 5 1 8 10 25 9 7 65 24 34 
38 Shothi to Muhataed Khan Ghoto U 0 5 4 9 7 24 33 30 112 25 57 

54 Nat Hwy to Saeed rhan Chandio U 0 4 2 6 I 16 9 17 55 13 25 
P7 Malhelo-Melhri to Ali Mahar Sher Mahar U I 2 5 6 5 II L1 25 86 19 42 
4 r t Hayai-Pilais U 4) 5 I0 15 16 21 26 96 33 37 
45 eeriri Maharo WaILto Mirpur Maihelo U 0 0 3 4 4 17 14 15 57 it I1 

'j3olho to Utar luriro U 0 0 6 19 3 18 13 20 79 28 31 
45 GhotH Khanpur Rd to Khan Muhammed Qareshi U I 1 1 4 6 13 18 15 59 13 31 
44 Panloo Bagh to Sarder Khan Ghoto U 0 1 I 10 9 15 10 12 58 21 25 
2a Heleji to Adh Lakho U 1 2 3 7 0 10 8 15 46 13 18 

11Biakrapiri to Dubar U 2 3 5 13 3 13 28 25 92 26 41 
15 Nat 1lwyto Dubar U 0 3 0 5 0 13 11 17 49 8 24 
20 Sultanpur to Thekratho P 0 7 2 It 9 19 15 29 92 2 34 
9 Kandhra to Patni U 2 1 2 1Q 7 7 15 13 57 22 22 

B Abad to Rahooja U 0 2 0 0 2 10 14 8 36 4 24 
2Muha,,edpur to Adilpur via Khedvari U 0 0 0 I 0 27 19 15 62 1 46 
3Mithri to Mashghood Gadani U 0 4 3 19 4 34 33 21 liB 30 67 
4Garhi Chakar to Abut Ji-6arhi via Sabar Bozder U 0 0 3 12 2 29 25 21 92 17 54 

IDadloi to Cheechro U 2 0 3) 16 7 28 6 0 62 28 34 
167 Nat Hwy to Kaziwahpul Wash Inayal-Shah U 0 6 0 6 5 0 9 14 40 17 9 
198 Baibli Shakh to Mashghool Gadanipul U 0 5 *2 6 5 II 14 14 57 18 25 
165 Waloo Mahar to Ghario Mahar U 2 9 2 1 9 0 7 16 51 28 7 



TRSFFIC DENSITY OUR THE DISTRICT
E DETkITS OFSTATZ.MERT SHOWIfl. . COUNCXIL ROADS AT SHIKARTIJ. 

" 116 
11 

' ,0TALTRAFFIC DETAILS ' 

8jO~~ NAME 0F ROIAD_______ 8 Donk ru actor:
:Cycle Tn":Bullock i Dat

*Jeep Car ;Suzuki Bus iM.Cyc. ~a ;cart sBhr !Gar' a a
51" 


7:12 5 

I5 ,1 o han 5
16. Thahirio to Sojhro 

I I • .

Jatoi. I-*I 6 719 13 * 1-4 6 | 7 I" 
-r °u a'. 44 5 - ' hI:
no Yha'pur Road to Noor Mohd 

a ul ra 

20 
I 

Pir Bux Shujrah to Bhattit ? 6 5 7 .5: 151- 8 ,,- 5 I ,I- 1 
- a 

S 
|I 

- 10 8 
25 &Panwhar topanah Sujrah. 10 5 4 1 1 7 .1 4 - 18 7 

aSI, e .I26. panhwar to Kakra. • 


16 6 4 ' ' 47 j Kandhkot road to qutib Ali 
IJatoi. 5 2. 2 6 8 - 16 6 1* S I 5 

10 1 8 3374 69 -19 22 20 16 
3 Sultan Kot tozerkhail. 14 11. 13 1 , 

8 337
' : 22 :2016.0 4 

6 jodra to shrine of Budhal 7 164 
F.5kir. 6 6 


I I **' 

1. Shikarpur to Abdu via Ja2o 2 1717 2020 101 , 3 9 118 
& BuaBpr.. ""
 iI 


.aar

Iuj5 1I 3 33 2 ,.15 158 

2. S 3 _ 23j f 30 20 -29 

290
20 19 11 45

280
utan Kot o M2 
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tirL EwSHOINGAVCRAGC NUMEERS Or YV*W~tr
Mt DAY Olt OISTRICT CO~c RUDAOI XI.-7 

Na o D.1tgict Council Rands'. -%sea Trucks Tr~tax-jCaz JMOtrCca ulkDo sullo y- Ttal -

1! DOodPUT irupur Pcc, oad to 
V±illage Ao;dzta4. (M. 

2: Dwu to Village Chook Plarpl. 

4 

6 

is 

12 

26 

2a 12 

30 

16 

2o2434 33 

31 

24. 

212 is- 21 

3.4 3acobabad Tm tz Vilingm Ba.Qe,-
pura (2i)-.12 

4'Road from Moor ea, toThUiT3. 
via aunjin; (59)_. 

5.' ftad from Thul Tow, to tangwanl-.. 
via Unhhat vah. (61)-. 

6; iRcad from Pu 3arrarabad td 

. 

2a$ 

4-

4 

14 

15 

M 

20 

21 

51 

3M 

50 

13 

113 

It.: 

20 

21 

30 

401-

50 

2S 

37 

14C:! 

60 

40 

0 

2012. 

100 

22 -7 

100.. 

217 

1 

.* 

2A. 

6X 

1W 

a 

51 

3 

* 

0 

7.Nedrom hacharRalway Station 
to Village Jafr;b (3)­

3. Road froz Dodapur to Ratodaro.(4) 
9.- Carhi *miaru Pace& Road ~ village 

Dad Kuhuui.ad Kha Loha.t r7 
10;ftdapuz Carhi KJhaizro pacca. Road 

1 

2 

-

2 

4 

3 

20 

3U 

20 

20 

10 

to 

10 

IQ 

30 

40 
M 

30 

20 
2Q. 

M 

50 

50 
So5 

0 

10 

10 
0 

IQ 

2 

2 

2 

159 

Ius 

1"S 

169 

0 

wf 
a 

0 

11;Road rrom pul 3affailb d to ilage
3gTarabad Buedi. 13! 

12.fted from 7 angman, to 34 mile 
ShakiWaVi(71J­

13~Iaudhkot 1gizar pa~a Ioadtz 
Chal-*4 Tattepua via village 

2 3 

5 

3: 

30 

50 

20 

1Q 

is 

12 

23 

M 

30 

20 

313 

2W~ 

so 

46. 

1 

3 2 

4 

20~ 

3 

a 

0 

0 
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TABLE 111-5
 

Cycles~ Ca~r . Crtel_ 

WtvEad fro Scm togh pWia-;-1 4* 10 40: 10 IUE3 YZ 
1S11bad Pron Carta nuttv to Gat t 21 31F 0-. la~02. 
ISTu la o4 4aspcs 3put win Zuniue (35)., 1? 5 701- 10a~ 2 12 "*231'.R9 fte Abdt 3ark,'5 5 20 60 Ica 2 4 24d
 

Mi Mo hs RiwySaT I - 3 403 10 20 50 -so 5 20 MCI w 

(65)-ba 


23'Rad fromAbd ttawanpuria 2 5 

a.0) 

10 40Koxsa . (25)- I 5o 5a 5 17
21*.Roaj froa eadanj ta Candhar (122) 2 5 so 11) 30 40 50 222'.andhkot Kamhawre Is 704Panca Read tnia 2 3 s 40 21 40 5 10 &
2Y.Rtnad from Village Khed% to 2

EdaLI. 2 3 30 103 3a 40 50 5 11 20139)_ 
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ANNEXURE 4
 

BACKGROUND INFORMATION TABLES FOR
 

LIFE CYCLE COST ANALYSIS
 



'
 
Background Tables for Life-Cycle Cost-Anaysis
 

Tyse :f Road: Listirg Paved 
Strategists 1 Ilai.tain; 2)'-Yr.Rehak i 3) S-Yr. Rehab; 4)3-Yr. Rahab; 5) Upgradw 

'IOaccuat iatel .t2 
Fie-aua Pavd 
Periodic uxet. € st in year 0 is capital cost. 

Strategy I Strateqy 2 

fev: lisc.Factor RattlEser Periodic Total RouttEser Periodic 

f 1 620.00 620.00 500.00 

1.00 .192M37143 7.10 6.34 

2.00 .77193873 7.10 5.66 
3.00 .71178048 7!0 5.05 179:00 

4.00 ./518078 7 10 4.31 

3.0 .567426 56 7.10 57.80 36.83 

&.00 .50631121 7.10 3.60 171.00-

7.N .432349213 7.10 3.21 

1.00 .403883228 7.10 2.87 
.00 .3UO610425 1.10 57.80 23.40 171.00 

10.00 .321913237 7.10 2.21 

11.00 .287476104 7.10 2.04 

12.00 .n6671093 7.10 57.80 16.66 171.00 

13.0.1 .229174190 7.10 1.63 

14.00 .2-b619Bi3 7.10 1.45 

1.M .182 69&1 p7.10 57.90 11.96 179.00 

1U.00 .163121662 7.10 1.16 
17.00 .143644341 7.10 1.03 

11.00 .i3 76oO 7.10 37.80 8.44 177.00 

19.00 .11610777 7.10 .82 

20.00 .103606765 7.10 .74 

Totals: 759.59 

34.17 

Strategy 3 

Total RouttEstr Periodic 
5-M. I 300.oq 

.00 

.00 
127.41 

.00 
00 2A2.00 

30.69 
.0A 
.00 

64.3M 
.00 262.00 
.00 

45.94 
.C0 
.00 

32.70 262.00 
.M 
.00 

23.28 
.00 
00 

e84.57 

42.12 

Total 
500.00 

.00. 

.00 

.01 

.00 
148.67 

.00 

.00 

.00 

.00 
84.36 

.00 

.00 

.00 
.00 

47.87 
.00 
.00 
.00 
.00 
.00 

790.8? 

37.11 

Strategy 4 

RouttEier *Periodic 
. 00.00 

370.00 

370.00 

Total 
500.00 

.00 
.00 
.00 
.00 
.00 
.00 
.00 

141.44 
.00 
.00 
.00 
.00 
.00 
.00 
.00 

60.36 
.00 
.00 
.00 
.00 

709.19 

33.80 

Strategy S 

RoutlEtur Periodic 
500.00 

17I.00 
7.10 
7.10 
7.10 
7.10 
7.10 37.90 
7.10 
7.10 
7.10 
7.10 57.80 
7.10 
7.10 
7.10 
7.1 37.50 
7.10 
7.10 
7.10 57.60 
7.10 

Total 
YA." 

.00 

.00 
127.41 
4.51 
4.03 
3.60 
3.21 
26.21 
2.5 
2.27 
2.04 

16.66 
1.63 

"1.45 
1.30 
10.5 
1.03 
.92 
7.54 
.74 

717.71 

34.18 
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Life Cycle Cantln 
Type of Rlod: Existing raved 
Strate;es: I}daitain; 213-Yr. RhIab; 3) 5-Yr. Rehah; 41O-Yr. Rehab; S1Upgrade 
NLscou~t mats: .15 
.:iI afr PAMnl 

period&C.Aauet..csst in year 0 is capital cost. 
Strategy I SLratty 2 Stratey 3 Strategy 4 'Strategy 5 

Tear: 
0 
1.00 
2.00 
3.00 
4.00 
5.00 
,.oc 
.00 

1.00 
9.00 
10.00 
11.00 

12.00 
13.00 
14.W0 
15.00 
16.00 
17.00 
13.00 
19.00 
20.00 

- !'ator 
1 

.869565217 

.756143667 

.0736312 

.571733246 
.497176735 
.43232751, 
.375937040 

.326901774 

.294262412 
.247184704 
.214943223 
.1690710 
.15252757 
.14132265a 

.122994465 

.106964770 

.092?25887 

.00o805111 

.07025321 

.061100279 

Rotser 

7.10 
7.10 
7.10 
7.10 
7.10 
7.10 
7.10 

7.10 
7.10 
7.10 
7.10 

7.10 
7.10 
7:10 

7.10 
7.10 

7.10 

7.10 
7.10 
7.10 

Periodic 
&20.00 

57.90 

57.80 

57.50 

57.90 

37.30 

Total Rout&xEar 
620.00 

6.17 
5.37 
4.67 
4.01 

32.27 
3.07 
2.67 

2.32 
19.45 
1.76 
1.53 

12.13 
1.15 
1.00 

7.91 
.76 

.A& 

5.24 
.5~0 

.43 

Periodic 
500.00 

179.00 

17.00 

179.00 

179.00 

179.00 

171.00 

Total 
500.00 

.00 

.00 
117.70 

.00 
• .00 
77.3? 
.00 

.00 
50.88 

.00 

.00 

33.46 
.00 
.00 

22.00 
.00 

.00 

14.46 
.00 

.00 

RoatIEser Periodic 
500.00 

262.00 

2.62.00 

262.00 

Total 
500.00 

.00 

.00 

.00 

.00 
130.26 

.00 
.00 

.00 

.00 
64.76 
.00 

.00 

.00 

.00 

32.20 
.00 

.00 

.00 

.00 

.00 

RoutlEner Periodic-
500.00 

370.00 

370.00 

Total 
500.00 

.00 

.00 

.00 
.00 
.00 

.k 

.00 
120.95 

.00 

.00 
.00 

.00 

.00 

.00 

.00 
3..84 

.00 

.0 
.00 

.00 

RuuttEwr 

7.10 
7.10 

7.10 
7.10 

7. LO 
7.10-
7.10 
7.10 

7.10 
7.10 
7.10 

7.10 
7.10 

7.10 

7.10 
7.10 

7.10 

Periodic 
500.00 

171.%0 

57.0 

"57.g 

. 57.80 

57.90 

Total 
300.00 

.00 

.00 
117.70 

4.06 
3.3 

3.07 
2.7 

21.22 
2.02 
1.76 
1.53 

12.13 
1.11" 
1.00 

.87 
6.71 

.66 

.57 
4.56 

.43 

Totals: 732.19 815.88 727.22 660.49 685.2b 

34.07 39.95 34.63 31.45 .,32.6 
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Wie Cycle COstle
Type of Load: [xistia ParvedStrataqim: 1) Listasa; 2) 3-Yr. Rehtab; 31 5-Yr. Rehab; 4) I-Yr. Rehab; 51 Upgrade
itcomat li: .12

Flr ne. -raved 

Perlodir'hjat. cost it Tc 0 is capital cost. 
Strateqy I Strategy 2 - Strateqy 3
year: Strategy 4
Dit . Factor RmtL~er Strategy 5Periodic 
 Total RoutlCaer Periodic
0 Total Routt&er Periodic
1 Total Rout&Esr 5eriodic Total1.00 £20.00 620.00 logtVELr Phifedlc Total.112 57143 500.00 500.007.10 500.00 500.00
6.34 " .0.0o0
Leo .00.77113871 .00 . . 

5.66 .00.17f10243 
7.10 

.007.10 .00.005.05 179.00. 127.41 .004.00 
 .6318078 .00
7.10
.00 ".6742 4.51 .00 
.00 17.0000 

7.10 57.90 036.83:""..00 .00 7.106.00 - .504631'21 4.521262.00
7.10 148.67
3.60
7.00 171.00 90.60 .00 7.10
.45234?215 
 7.10 .00
3.21
1.00 
 .403882J .00 . 4.037.109.00 2.87 .00 7.10.360610025 .00 3.207.10 57.90 .0023.40 370.00
20.00 179.00 64.55 149.44 7.10.321173237 .00 57.30 26.217.10 
 2.29 .00 7.10.00 7.56262.00 14.36 
 .00 7.10 2.21 

TwtAls: 

713.71 
 782.64 
 733.02 649.44 
 i73.82
 
64.0 
 71.15 6.64 59.04 
 61.2b
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Rural roads ife cycle costia: 
rype 3f Road: Shingle 22 ft. 
Strategies: 1)Ifainta.Ia;2) 3-yr. 

Isccunl Pate: 0 

Refb; 31 5-1r. Rahab; 41 8-Yr. Rehab; 5) Upgrade 
f:s:alAnaIyss I 

"IIenaee: Shtngl2z) 
Periodic mazst. cost iA year 0 is capital cost. 

Yea.': 

1 
2 
3 
4 

5 

S 

10 
11 

1: 
13 
14 

15 
1i1 
17 

t8 

1? 
20 

isc. Factor 
1 

1.60 
1 
1 
1 

1 
I 
1 

1 
1 
1 
,l 

1 
1 
1 

1 
I 
1 
1 

Strategy 1 

RoutEaer Periodic 
345.00 

6.60 3.20 
.60 
a.ta 94.00 

S.W 
.aO 3.20 
b.60 

t.0 4.00 

0.60 
0.60 3.70 
6.60 

b.60 94.00 
6.60 
6.60 3.20 

.60 
6.60 94.00 

6.60 
6.60 3.20 

6.6W 
6.60 ;4.00 

Total 
345.00 

6.60 
9.80 
6.60 

10.60 

6.60 
9.0 

5.60 
100.60 

6.60 
9.90 
6.60 

100.60 
6.60 
9.80 

6.60 
100.50 

6.60 
9.80 

6.60 
100.60 

Strategy 2 

Rout;Eer Periodic 
345.00 

119.00 

118.00 

118.00 

119.00 

118.00 

118.00 

Strateqy 3. 

Total PoutEser Periodic 
345.00 345.00 

.00 

.00 
118.(X 

.00 

.1) 192.00 
113.00 

.0 

.00 

113.0,) 
.03 192.00 
.00 

11M.C0 
.00 
.00 

118.00 IT2.00 
.0,) 

.0') 
118.0) 

.00 

.0) 

Strategy 4 

TotalRoutlEser Periodic 
145.00 345.00 

.00 
0 

.00 

.00 

192.00 

.00 

.00 

.00 291.00 

.00 
192.00 
.0 
.00 
.00 
.00 

192.00 
.00 291.00 
.A0 
.00 

.00 

.00 

Strategy S 

Total RoutiEer Periodic 
345.00 265.00 

.00 

.00 

.00 118.00 
.00 6.60 

.00 6.60 3.20 

.00 6.60 

.00 6.60 94.00 
291.00 6.60 

.00 6.60 3.20 

.00 6.60 

.00 6.60 94.00 

.00 6.60 
.00 6.60 3.20. 
.00 6.50 

.00 6.60 94.00 
291.00 6.60 

.00 6.60 3.20 

.00 6.60 

.10 6.60 4.OO 

.09 6.60 

Jotal 
265.00 

.00 
00 

113.00 
5.0 

9.8O 
6.60 

100.60 

6.90 

9.80 
6.60 

100.60 

6.60 
9.50 
6.50 

100.60 
6.60 

9.80 
6.t0 

100.A0 
6.60 

!Gtals: 963.00 1053.00 921.00 927.00 884.00 

nua1 A,rage 45.86 50.14 43.5 44.14 42.10 

Iera;e alnfal cost excluding ntial tnvsttert: 30.0 O5.40 2 .O0 29.10 30.5 
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Lral roads life cycle costing 
Type of load: . Siole 20 ft. 
Strategies: 11 NaLataa; 2) 3-Yr. Rehab; 31 5-Yr. leha±; 41 U-Yr. Rehab; S1 Upgrade 
1iscount kite: .12 
Flesae: Sing12) 
Perioic saint. cost in year 0 is capital cost. 

Strategy I Strategy 2 Strategy 3 ..Strategy 4 Stratey 5 
Year: 

1 

l 
2 
3 
4 
5 
1 
7 
1 
9 
10 

It 
12 
13 
14 
15 
16 

11 

Disc.Factor 

1 

.992857143 

.11 873 

.7117e0248 

.6355jB079 

.5674262 

.506631!21 

.452349'15 

.403893229 

.36061005 

.3XN973237 

.237476104 

.2.5h7NM3 
.L9174190 
.2041913 
182661 

.16312166? 

.145644341 

lutEmer 

6.60 
6.60 
6.60 
6.60 

6.60 
6.60 

"6.0 

6.60 
6.60 
6.60 

6.60 
6.60 
6.60 
6.60 
6.10 
6.0 

6.60 

Periodic 

345.00 

3.20 

94.00 

3.20 

14.00 

3.20 

94.00 

3.20 

94.00 

Total 

345.00 

3.99 
7.81 
4.70 
63.93 

3.75 
4.96 

2.99 
40.63 
2.38 
3.16 

1.90 
25.92 
1.51 
2.01 
1.21 

16.41 

.9 

RAuttVmer Periodic 

345.00 

119.00 

118.00 

15.00 

l13.00 

115.00 

Total 

345.00 

.0 

.00 
8.99 
.w 

.00 
59.78 

.00 

.00 
, 42.55 

. w 

.00 
30.29 

.00 

.00 
21.51 

.00 

.00 

RoutlEaer Periodic 

345.00 

192.00 

192.00 

192.00 

Tctil 

34!.00 

.00 

.00 
.00 
.00 

109.95 
.00 

.00 

.00 
.00 

61.!2 

.00 

.00 

.00 

.00 
35.00 

.00 
.00 

RautLLsw Phrionic 

345.00 

291.00 

291.00 

Total 

345.00 

.00 

.00 

.00 

.00 
.00 
.00 

.00 

117.53 
.0 
.00 

.00 

.00 

.00 

.00 

.00 
47.47 

.00 

toatiEser 

6.60 

6.60 
6.60 

6.10 
6.60 
6.60 
6.60 

1.60 
6.60 
6.60 
6.63 
6.60 
6.60 
6.0 

Perodlc 

265.00 

111.00 

3.20 

94.00 

3.20 

94.00 

3.20 

94.00 

3.20 

Total 

265.00 

.00 

.00 
33.99 
4.19 

5.56 
3.34 

45.51 
2.67 
3.53 
2.13 

28.92 
1.6q 

2.25 
1.35 

19.38 
I.1 
1.43 

1l 
It 
20 

.130031950 
.116106777 
.103666763 

6.60 
6.10 
6.60 

3.20 

94.00 

1.27 
.77 

10.43 

118.00 15.34 
.00 
.00 

.00 

.00 

.00 

.00-
.00 
.00 

6.13 
6.6-
6.0) 

94. *2 
.5f 

11.63 
.69 

Totals: 547.41 598.52 550.94 510.00 434.24 

Asunl Average 26.07 28.50 26.23 24.29 23.06 

Averant asmual Cost eicluding initial investaeet: 10.12 12.69 Iv.9 3.25 10.96 
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:trA£lrVet I) ~lSn:': 
SI% 2 fOt. 
2. !-j?. ;eja:; 31 5-r. Rthab; 418-fr. Aihac; 51 Upgrade 

FIlenjr lat: .15 

fP jodir aiint. ccit in 1e94 0 as cLAjtal cost. 
Strategy I Strategy 2 Strategy 3 Stately 4 Strategy 5 

0 
ai:Disc. Fact r 

1 
RoutiEser Periodic 

345.00 
Total 

345.0 
Routter Periodic 

3411.00 
iotil 

345.00 
RoutlEser Feratoic 

345.00 
TotalRouttEser 

345.0) 
Periodic 

345.00 
Total fout&Eae, 

345.00 
Pertaoic 

265.00 
Tota 

265.0 
I .W,11 6.60 5.74 .00 .00 .0 .00 
2 .75t14:a67 6.60 3.20 7.41 .00 .00 .00 .00 

3 .e575:232 6.60 4.31 119.0 77.59 .00 .N 118.00 77.59 

.57175324i 6.bO 14.00 57.52 .00 .00 .00 6.60 3.77 
5 .491174115 6.60 3.23 .00 192.00 95.46 .00 6.60 3.20 4.37 
6 .452327596 6.60 3.20 4.24 1e.0 51.01 .00 .00 6.0 2.5 
7 .37537040 6.60 2.48 .00 .00 .00 6.60 V4.0 37.82 
3 .326501714 6.60 94.00 32.39 .00 .00 29.00 95.13 6.60 2.16 
1 .2!142412 6.60 3.88 118.00 33.54 .00 .00 6.60 3.20 2.7 
10 .241141us 6.60 3.20 2.42 .00 192.00 47.46 .'i 6.60 3.63 
I1 .2454:123 6.60 1.42 .00 .00 .00 6.60 .94.00 23.62 
32 .128:9150 6.60 94.00 1 19.B0 333.00 22.06 .00 .00 6.60 1.23 
13 .:1ii1 6.60 1.01 .00 .00 .00 6.60 3.20 1.59 

iI ,14lWiM9 6.W0 3.20 1.39 .00 .00 .00 6.60 .93 
ts .t::1i3;t4 4.60 .11 113.00 t4.50 1I.0 23.60 .00 6.60 94.00 12.36 

1.tadeIT1O 6.60 1.00 10.11 • .00 .00 2V1.00 31.10 6.60 .71 
1 .(tll .60 .61 .00 .00 .00 6.60 3.20 .91 
S.0801;J5111 6.60 3.20 .79 18.00 9.54 .00 .00 6.60 .53 

19 .0705321 6.60 .46 .00 .00 .00 6.60 94.00 7.07 

20 .%1100279 6.60 94.00 0 6.15 .00 .00 .00 6.60 .40 

Totals: 509.45 553.24 531.51 471.23 445.25 

Annual Average 24.38 26.34 24.36 22.44 21.23 
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Lift ccle costing 
Type of ia: Shtngle 20 It. 
•t ata;ias: 11Maistaa; 2) 3-1r. Rehab: 3) 5-Yr. Rehih; 41 M-r. Rthau; 5) Upara.a 
oiscount JWte: .12 
Filanaze: SHIN1E20 
Periodic 2A11t. cst IS vear 0 is capital cost. 

Strategy I Strategy 2 Strateqy 3 Strately 4 Stratey 5 

fesw: 
0 

Disc. Factor 
1 

PoutLaer Periodic 
345.00 

Total 
345.00 

loulEter Periodic 
345.00 

Total 
"345.00 

RoutlEser Feri.dic 
345.00 

TtaL 
'45.00 

RoutlEmer Periodic 
345.00. 

Total 
315.00 

PoitiEew Periodic 
Us.o 

Total 
2AS.00 

L 
2 
3 
4 
5 
& 

.192557141 

.97173371 

.711794248 

.35518073 

.!742&djS 

.500631121 

6.&O 
6.60 
6.60 
6.60 
6.60 
6.m0 

3.20 
0 

94.00 

3.20 

3.89 
7.81 
4.70 
63.93 
3.75 
4.16 

119.00 

113.00 

.0 
.00 

83.9 
.0' 
.00 

59.78 
192.00 

.00 

.00 
.00 
.00 

108.95 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

6.60 
6.80 
6.SO 

112.00 

3.20 

.00 

.00 
23.?9 
4.t9 
5.56 
3.34 

1 .452349215 6.60 2.9? .00 .00 .00 6.60 94.00 45.51 
3 
? 

.403883-1 
.361002 

6.60 
6.60 

?tO 40.63 
2.39 111.00 

.00 
42.55 

.00 

.00 
291.00 117.53 

.00 
6.60 
6.60 3.20 

2.67 
3.53 

to .321973237 6.60 3.20 3.1 .00 192.00 61.82 .00 6.60 .13 

totals: 48T.20 531.32 515.76 462.53 415.92 

Anual Averqe 44.11 48.30 46.89 42.05 37.81 
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hericitc Saidntcolt in ??! 'i is CIp1,11 cost. Stritegy I Stritely 2 Strattly 3 Stritzqy 4 Stritiqgy 

YeAr: Osc. FAct:r Routt£:er PeriodLc rotit2:iti1:er fertcdic TotAl Rcuttser Feri:dic Tatil ftutlEser Periclic rotil 1.00 Periodic rotal 
S1 

2 
182511 

. 971' 
1.0 
3.0O 

29.-0 2b,).;O 
2.eb 
2.5 

260.00 250.O0 
.)

.0) 

2O.10 260.JO 
.00 
.0O 

260.00 260.00 
.00 
.0O 

.0) 

.00

.00 

1 .111, 'i 3.0L. } 4.48 39.0 27.7S .ON .00 .00 
S.63551S7M 3.20 2.0 .- 0 .00 .00 .00 

5 .5ba4:36 3.2) 1.82 .00 10.0 59.01 .00 .00 
6 .!aoQ3112t 3.20 3.10 3.11 39.00 19.76 .00 .00 .00 
7 .452149215 3.20 1.45 .00 .00 .00 .00 

.40! .3229 3.20 1.27 .00 .00 19.00 78.76 .00 
J. A=25 3.20 42.50 16.41 37.00 14.06 .00 .00 .00 

10 .21'73237 3.20 1.03 ' .00 104.00 33.4? .00 .00 
It .2311l10 3.20 .92 .00 .A0 .00 .00 
12 .4o675013 3.20 3.20 I.S4 39.00 10.01 .00 .00 .00 
is .2291714190 3.20 .73 .00 .00 .00 .00 
It 

15 .3IZa&26I 
12IlI.2.) 
3.20 3.10 

.6s 
1.15 29.00 

.00) 
7.13 104.00 

.00 
19.00 

.00 

.00 
.00 
.00 

It .16:21662 3.20 .52 .0 .00 195.00 31.31 .00 
17 .14534421 3.20 .47 .00 .10 .00 .00 
13 .1: -375t 3.20 42.50 5.4 39.00 5.07 .90 .00 .01 
I? .11S1O6777 1.20 .37 .00 .00 .00 .00 
20 . 115 3.;0 .33 .00 .00 .30 .00 

%Utils: 10f.92 343.77 371.50 370.57 .00 

14.76 -17.6 1-.37 17.59 .00 
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:'tJL2g-es: I)zt ai;* ;-It. D 5-V!. 
;:i ot Mate: 0 fmiCai Analysis 

Filemae: tLAtuA,6 
fvrjod:c faint. cost torea 0 is c4pital cost. 

ehlt; 43 -t 

Strate7y I 

6t15 ~~~~ 

Strateqf 2 Strategy 3 Strategy 4 Strategy 3 

0 
I 

2 
3 
4 
5 
1 
7 

S1 
It 
IL 
13 
1& 
11 
6 
17 
1 
It 
20 

IIr:list.Factor 
1 

1 
1 
1 
1 
1 
1 

I 
1 
1 
1 

1 
1 
1 
1 

RAtjtEuer 

3.20 

3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

3.20 
3.20 
3.20 
3.2D 
3.20 

3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 
3.20 

Periodic 
2O.00 

3.10 

3.10 

42.50 

3.20 

3.10 

42.50 

TotalRoutlEar, 
26.CO 
3.20 

3.20 
6.30 
3.:0 
3.20 
6.30 
3.20 
3.20 
43.70 
3.20 
3.20 
6.40 

3.20 
3.20 
6.30 
3.20 
3.20 

45.70 
3.20 
3.20 

ereicdi: 
260.00 

3.00 

39.00 

31.00 

39.00 

37.00 

39.00" 

Totil RouttEver 
260.00 

.00 

.0 
39.00 

.00 

.00 
39.00 

.00 

.00 
39.00 

.00 

.00 
39.00 

.00 
.00 

39.00 
.00 
.00 

3.0O 
.00 
.OO 

Periodic 
260.0@ 

104.00 

104.00 

104.00 

Total 
20.00 

.00 

.00 

.00 

.00 
104.00 

.00 

.00 
.00 
.00 

104.00 
.00 
.00 

.00 

.00 
104.00 

.00 

.00 

.00 

.00 

.00 

Rou'lEser Periodic 
260.00 

1 179.00 

195.00 

Tctal 
-W.00 

.00 

.0 

.00 

.00 

.00 

.00 

.00 
195.00 

.00 

.00 
.00 
.00 

.00 
.00 
.C 

195.00 
.00 
.00 
.00 
.00 

1.00 Periodic Total 
.00 
.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 
..C* 
.00 
-00 
.00 

.00 

.00 

.00 
.0 
.00 
.00 
.00 
.00 

tVUI.s: 421.50 494.00 572.00 650.00 .00 

h*u4I Averae 20.07 23.52 27.24 30.95 .00 
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Life Cycle Castim.; 
Img of Rcal: 
Stri e;es: It 

latcaj i
lditain; 2s '-fr.Rehab; 3) 5-fr. RenAb; 41I-fr. Lenab: SI Upgrade 

Dlscount Rate: .15 
Filendse: Iat clE 
Periodic saint. cost pi fear 0 is caital cost. 

Year: 
19 

I.6h5217 

3 
4 
5 
6 
7 
9 

10 
1l 
12 
13 
14 
15 
lb 
17 

18 
1? 
20 

fatal,: 

Disc. Factor 
1 

S3.202.2.00 

.&5..a2 
.S7175;246 
4971717 

.423271,3 

. 
3
75937040 

.326301774 

..'....242 

.2471347-06 

.214143222 

.01 750 
.6252795 

.141: 8 

.122i44P5 

.1uat4770 
.092925627 

.uVUS5119 

.070'!321 

.l''.*" 

Strately 1 

RouttEner Pericditc 
20.0 

3.20 

3.20 3.10 
3.20 
3.20 
3.20 3.10 
3.20 

3.20 
J.20 42.50 

3.20 
3.20 
3.20 3.20 
3._0 

3.22 
3.20 3.10 
3.20 
3.20 

3.20 42.!0 
3.20 
3.20 

Strategy 2 

Total Rout&Eaer Pertodic 
260.00 20.00 

2.8 

4.14 .19.00 
1.83 
1.59 
2.72 39.00 
1.20 

1.05 
12.99 39.60 

.79 
.69 
1.20 "3.00 
.52 

.45 

.77 39.00 

.34 

.30 

3.69 39.00 
.22 
.20 

Total 
20.)C9 

.00 

25.64 
.00 
.00 

16.9& 
.00 
.00 

11.9 

.00 
.00 
7.29 

.0.) 

.00 
4.79 

.00 

.00 

3.15 

.00 

.00 

Strategy 3 

RoutlEser Periodic 
260.09 

104.0) 

104.00 

104.00 

Total 
260.00 

.00 

.00 
.00 
.00 

5.71 
.00 

.00 

.00 

.00 

25.71 
.00 
.uO 
.00 

.00 
12.78 

,00 
.00 

.00 
.00 
.00 

Stratvjy 4 

RoutlEser Periodic 
"60.00 

15.00 

!95.00 

Tctal 
20.00 

.00 

.00 
.00 
.00 
.00 
.v 

.00 
63.75 

.00 

.0 

.00 

.00 
.00 

.00 

.00 
10.4 
.00 

.00 

.00 

.00 

Strategy 3 

1.00 Periodic Total 
.00 

.00 

.00 
.00 
.00 
.00 
.00 

O0 

CO 
.00 
.00 
.00 
.00 
.00 

.00 
.00 
.00 
.03 

.00 
.00 
.00 

297.90 328.82 350.19 344.58 .00 
AninualAverage 

14.28 15.66 16.68 16.41 .0 
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Lsie Cc!e Costin. 
Ty~e of toad; katcha 
Strategies: 13 PFantaic; 
isco natlate: 

21 3-Yr. 

.12 

Rehab; 33 S-Y'. Rehab; 43 I-Yr. Rehab; 5) Upgrade 

Filemaae: "itCbaS 
Periodic inist. Cost is Itar 0 is capital cest. 

Year: 
0 
1

2 
3 
4 
S 

6 
7 
1 
9 
10 

lisc. Factor 
1 

.651S7143 

.797123697 

.71178uZ4O 
.635513079 
.56742685b 

.5L631:21 

.45214i215 

.4038!322B 

.360010025 

.321513237 

Strategy I 

bttier Periodic 

20.0 
3.20 
3.20 
3.20 3.10 
3.20 
3.20 

3.20 3.10 
3.20 
3.20 
3.20 42.0 

3.20 

Strategy 2 

TotalRouttEser Periodic 
2*u.00 260.00 
2.86 
2.!5 
4.48 39.00 
2.03 
1.82 

3.19 39.00 
1.45 
1.2? 

16.48 39.00 
1.03 

Total 

260.00 
.00 
.00 

27.76 
.00 
.00 

19.76 
.00 
.00 

14.06 

.DO 

Strate;y 3 

RoutkEter Periodic 
260.00 

104.00 

104.00 

Total 
260.00 

.00 

.00 
.00 
.00 

57.01 

.90 
.60 
.00 
.00 

33.49 

Strategy 4 

RouttFser Periodic 
260.00 

175.00 

Total 
260.O 

.00 
.00 
,00 
.00 
.00 
.00 
00 

78.76 
.C0 

.00 

Strategy 5 

1.00 Periodic Tztal 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.00 
.W 
.00 
.00 

Totals: 

Arlival Average 

217.18 

27.02 

321.58 

21.23 

352.50 

32.05 

38.76 

10.80 

.00 

.00 
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1
 
ypt CA12hz: Llstnh; Ia~e
 

S:'dR I:S:aeti 213-1r. Athit; 3) 5-1r. kRfit; 4) e*Ir. hehat: 5) f-flayed 5-1f.
 
Lifcs -! Wate: 
 0 Fiscal na:ysis

Fillf~ase:
Five!
 

C-zmnc Saint. cost in year 0 it capital cost.
 
Strategy I 
 Strategy 2 
 Strategy 3 
 Strategy 4 
 Strate.y 5
 

tisc. fictor RoutlEser Periodi: 
 Total houtt&Emr 
 Ferioeic Total RoutLEaer Periodic
0 Total koutLlaer FeriodicI Total Foct&Epet Feriodic Total179.00 179.('0 ?S.0,. 179.04 .00 .c.
1.00 
 7.10 7.10
2.,0 1 .0* .00 .00710 7.30 .00 202.00 262.00
3.00 1 VU7.10 262.00 202.007.10 179.00 179.004.00 .00
1 7.10 7.10 .0C 7.10 7.10 
. 

.00 .00 370.0, 370.0 7.1D 7.101 7.10 57.0 64.90
00 .0 5 .00 .1 7.10 7.10 7.10 7.10179.00 179.00 .00 
 .0c. 7.10 7.107.60 
 1 7.10 7.10 
 .00 260.00 260.00

5.00 7.10 .00 7.10 57.90 64.901 Mu7.10 57.90 .00 .O0064.90 179.00 17.00 OD .00 7.I010.00 .00 7.101 7.10 7.10 .00 7.10 7.10.00
11.00 1 7.10 
.00 A0 7.10 7.107.10 
 .0012.0 .001 7.10 57.10 64.90 .00 7.10 57.0 64.90179.00 175.00 260.00 260.00
1. W,1 370.00 370.00 7.s0
7.10 7.10 7.10
 

-.0
14. . .001 7.10 .0 R 7.10 7.107.10 .00
15.r .001 .00 7.10 57.90 64.907.10 57.90 64.90 
 17. 17.0016.0 .001 .00 7.17.10 7.10
7.10 
 .00
17.00 .00
7.10 7.10 .00 7.10 7.10 
1P. O .0 260.00 260.00

7.10 57.50 64.90 .00 7.10 57.20 64.90179.00 179.019.0, .00
7.10 .00 7.10 7.107.10 


20.00 . V1 .00 37(3.00 370.00 7.107.10 7.10
.00 
 .00 
 .00 
 .00 7.10 
 7.10
 
lotals: 

602.90 
 1253.00 
 1042.00 
 1110.00 
 621.00
 
lxual areaues: 


2e.71 
 59.67 
 49.62 
 52.06 
 29.57 
Anual avera;e& texcludiag initial constructionl: 21.20 
 53.70 
 52.10 
 55.50 31.05
 



Life Cycle Costing £lter atie .etlihitatiot Strategies 
TI;e of P:11: Existir; Paved 
Strategies: 1I plintace; 21 ;-Yr. liniz; 3) 5-Yr. 
Diccat Rate: .1 

eftao;41 Yr. Rehab; 5) Delayed 5-Yr. 

Fieus: Paded 
PvrIzdIc Saint. cost in year 0 is Capital :cit. 

flw: 

0 

1.02.00 

3.00 
4.00 

5. 
6.00 
7.00 
9.C0 
9.00 
10.00 

11.uO 
12.00 

13.00 
S*.') 

16.0o 
17.C 

18.00 

19.00 

20.00 

Totals: 

lisc. Factr 

1 

.892957143.7M1IUM878 

.71179024! 

.62!SO08 

.5674.856 
.N6631121 
.452349215 
.4u1.329M 
.3601!025 
.321173237 

.257476104 
.25667593 

.229174190 

.?046199z3 

.192096211 

.163121602 

.145644341 

.130031590 

.116106777 

.103666765 

Strategy I 

IoutlEmer Periodic 

179.00 

7.10
7.10 
7.10

4 .0 , Q
7.10 

7.10 57.80 
7.10 
7.10 
7.10 
7.10 57.80 
7.10 

7.10 
7.10 57.80 
7.10 
7.10 

7.10 57.B0 

7.10 
7.10 

7.10 57.80 
7.10 

7.10 

Strategy 2 

Total Rout&Eaer Periodic 
179.u0 179.00 

6.34 
5.66 
5.05 179.00

79 00 
4.51 

36.83 
3.60 179,00 
3.21 
2.87 

23.40 179.00 
2.29 

2.04 
16.66 179.00 
1.63 
1.45 

11.86 179.00 

1.16 
1.03 

8.44 179.00 
.82 

.00 

Total 
179.00 

.0 

.00 
127.41
27 4 1 
.C0 

.00 
90.69 
.00 
.00 

64.55 
.00 

.00 
45.94 

.00 

.00 

.32.7o 

.00 
..00 

23.28 

.00 

.00 

Strategy 3 

Rout&Eaer Periodic 

• 
262.00 

260.00 

260.00 

1 
260.40 

Strategy 4 

Total RoutlEzer Periodic 
.00 
.00 

209.e6 
00
0 0. 

.00 370.00 

.00 
.00 

117.61 
.00 

.00 

.00 
.00 

66.74 370.00 
.00 
.00 

.00 

.00 
37.87 

.00 

.00 370.00 

.00 

Total 
.00 
.00 

.00 
0 0 

235.1f 

.00 

.00 

.00 

.00 

.00 

.0 

.00 

?4.97 

.00 

.00 

.0 

.00 

.00 

.00 

42.96 

.00 

Strategy 5 

RoutIEAer Periodic 

262.00 
7.1 0 

7.10 

7.10 
7.10 
7.10 57.80 
7.10 

7.10 
7.10 
7.10 57.80 

7.10 

7.10 
7.10 57.90 

7.10 

7.10 
7.10 57.80 
7.10 

7.10 

7.10 

Total 
.00 
00 

2086A&5. 0 5 

4.51 

4.03 
3.60 

29.36 
2.87 
2.56 
2.29 
19.66 

1.82 

1.63 
13.29 

1.30 

1.16 
9.45 

.92 

.92 

.74 

Annual averages: 

Annual averages lezcluding initial constructicap: 

317.85 

15.14 

6.94 

563.57 

26.A4 

19.23 

431.08 

20.53 

21.55 

373.07 

17.77 

18.65 

312.91 

14.90 

15.65 



Life Cycle Costin; Alternative Reconstruction Strategies 

Tvp of Road: Existing Paved 
Strategies: 11Maintain; 2) 3-Yr. Rehab; 3) 5-Yr. Rehab; 4)2-Yr. Rehab; 51 Delayed 5-Yr. 
Dztcount Rate: 0 Fiscal analysis 
Filenase: Paved 
Perac Lc saint, cost in year 0 is capital cost. 

Strategy I Strategy 2 Strategy 3 Strategy 4 Strategy 5 

Year: Disi.Factor Rcut.Eser Periodic Total RoutlEser Periodic Total RoutlEaer Periodic Total RoutlEser Periodic Total PoutlEaer Periodic Tctal 
0 1 S20.00 620.00 620.00 620.00 620.00 620.00 620.00 620.00 171.00 179.30 

1.00 1 7.10 7.10 .00 .00 .00 .00 
2.00 1 7.10 .00 .00 .00 .00 
3.00 1 7.10 7.10 177.00 17T.00 .00 .00,' 620.00 620.00 
4. v9 1 7.10 7.10 .00 .00 .00 7.10 7.10 
5.00 1 7.10 37.80 64.30 .0o W00 262.00 .00 7.10 7.10 
6.Q0 1 7.10 7.10 179.00. 179.00 .00 .00 7.10 7.10 
7.00 1 7.10 7.10 .00 .00 .00 7.10 7.10 
9.0 7.10 7.10 , .00 .00 370.00 370.00 7.10 57.80 64.90 
9.00 1 7.10 57.80 b4.90 179.00 179.00 .00 .00 7.10 7.10 
10.00 1 7.10 7.10 ..00 262.00 262.00 .00 7.10 7.10 
11.0.) I 7.10 7.10 .00 .00 .00 7.10 7.10 
12.00 1 7.10 57.80 L4.90 179.00 179.00 1 .03 .00 7.10 57.80 64.90 
13.W 1 7.10 7.10 .00 .00 .00 7.10 7.10 
14.00 1 7.10 7.10 .00 .00 .00 7.10 7.10 
15.0 1 7.10 57.80 64.90 179.00 179.00 262.00 2S2.00 .00 7.10 57.80 64.90 
16.00 1 7.10 7.10 .00 .00 370.00 . 370.00 7.10 7.10 
17.00 1 7.10 7.10 .00 .00 .00 7.10 7.10 
13.0 1 7.10 57.80 64.90 179.00 179.Ou .00 .00 7.10 57.E0 64.90 
l?.00 1 7.10 7.10 .00 .00 .00 7.10 7.10 
20.DO 1 7.10 .00 .00 .00 .00 7.10 7.10 

Totals: 1043.90 1694.00 1406.00 1360.00 1150.90 

AnIuaI averages: 49.71 50.67 66.95 64.76 54.90 

Annual averijes (excluding initial construction): 21.20 53.70 39.30 37.00 48.60 



Life Cycle Costing Alternative Reconstruction Strategies 

Ttpe of Poad: Ezistzng Paved 
Strate;:es: 1)Iaiotain; 2) 3-Yr. Rehab; 31 5-Yr. Rehab; 41 S-fr. Rehab; 
.Isccunt Pate: .12 

5) Delayed 5-Yr. 

Filanaae: Paved 
Perisd: saint. cost in year 0 is ca;ital cost. 

Strategy I Strategy 2 Strategy 3 Strate;y 4 Strategy 3 

fear: 
0 

1.00 

2.00 
3.00 
4.00 
5.O 
6.00 
7.00 

8.00 
3.00 
10.C0 
11.0. 
12.00 

13.00 
14.00 
15.00 

Disc. Factor 
i 

.89'57143 

.797193a73 

.7117eQ248 

.63MHO7U 

..6742 65o 

.0i 6611l1 

.452,4725 

.403883228 

.306!025 

.321H73237 

.:87476104 

.256675093 

.229174190 

.7.a619013 
.a2.?o:1 
"63121662 

..45644341 

.1 .N390 
.1161C6777 
.103666765 

RouttEser 

7.10 

7.10 
7.10 
7.10 
7.10 

7.10 
7.10 

7.10 

7.10 
7.10 
7.10 
7.10 

7.10 
1.20 
7.10 

7.10 

7.10 

7.10 
7.L0 
7.10 

Periodic 
620.00 

57.80 

57.80 

57.60 

57.80 

57.80 

Total 
620.00 

6.34 

5.66 
5.05 
4.51 

36.83 

3.60 
3.21 

2.87 

23.40 
2.2? 
2.04 
16.66 

1.63 
1.45 

22.86 
1.16 
1.03 

8.44 
.82 
.00 

RoutiEser Periodic 
620.00 

179.00 

179.00 

179.00 

179.00 

179.00 

179.00 

Total 
620.00 

.00 

.00 
127.41 

.00 

.00 

10.b9 
.00 

.00 
41.55 
..00 
.00 

45.94 

.00 

.00 
32.70 

.00 

.00 

23.28 
.00 
.00 

RoutLEser Periodic 
620.00 

262.00 

1 
262!00 

262.00 

Total 
620.00 

.00 

.00 

.00 

.00 
148.67 

.00 

.00 

.00 

.00 
64.36 

.00 

.00 

.00 

.00 
47.87 

.00 

.00 

.00 
.00 
.00 

Rout&Eaer Periodic 
620.00 

370.00 

370.00 

Total 
620.00 

.00 

.00 

.00 

.0w 

.00 

.00 

.00 
149.44 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

60.36 

.00 

.00 

.00 

.00 

RoutiEser 

7.10 
7.10 

7.10 
7.10 

7.10 

7.10 
7.10 
7.10 
7.10 

7.10 
7.10 
7.10 

7.10 

7.10 

7.10 
7.10 
7.10 

Periodic 
179.00 

620.00 

:.57.20 

57.80 

57.80 

57.BO 

Total­
179.00 

.00 

.00 
441.30 

4.51 
4.03 

3.60 
3.21 

26.21 
2.56 

2.2? 
2.04 
16.66 

1.63 
1.45 
11.86 

1.16 

1.03 

8.44 
.92 
.74 

Totals: 758.65 1004.57 900.89 829.79 712.54 

Annual averages: 36.14 47.B4 42.90 39.51 33.93 

Annual averages lexcluding initial constructical: 6.94 19.23 14.04 10.49 26.68 
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ANNEXURE-5
 

ASSESSED EQUIPMENT AND ORGANISATIONAL
 

REQUIREMENT
 

Note:- This sample study is only for analysis and does not highlight the
actual requirement, which will be finalised during commencement and
 
implementation stages.
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Table IV-9 
EQUIPMENT NEEDS AND PURCHASE REQUIREMENTS 

Separate Fleets Single Fleet 
................................
Sukkur District Jacobabad District Shikarpur District 


---------------------- - -Total Total
 

Purchase Total Purchase Total Purchase
Purchase Purchase 

Code Needs On-Hand Req'ts Needs On-Hand Req'ts Needs On-Hand Req'ts Needs Req'ts Needs Req'ts
 

E-01 2.5-Ton Pick-Up Truck, Double Cab 9 1(4) 8 4 0 4 3 0 3 16 15 14 13 

E-02 1.5-Ton Pick-Up Truck, Single Cab 1 0 1 1 0 1 1 0 1 3 3 1 t 

E-03 Motor 6rader, 120-130 hp 3 2 i 1 0 1 1 0 1 5 3 4 2 

E-04 Pneumatic Roller, 10-to-14 Tons 2(1) 0 2 2(1) 0 2 2(1) 0 2 6 6 2 2 

E-05 1-Ton Vibrating Roller, Hand-Operated 1 0 1 1 0 1 1 0 1 3 3 1 1 
E-06 Backhoe/Loder, ICY 1 0 1 1 0 1 1 0 1 3 3 2 2 

E-07 Front-End Wheeled Loader, 1.5 CY 0(2) 0 0 0(2) 0 0 0(2) 0 0 0(2) 0 1(6) 1 

E-0 Low-Bed Tractor-Trailer, 25 Tons 0(3) 0 0 0(3) 0 0 0(3) 0 0 0(3) 0 0(7) 0 

E-09 8-Ton izp Truck 2 0 2 2 0 2 2 0 2 6 6 2 2 

E-10 2,000-6al Water Tanker, Truck 1 0 1 1 0 1 1 0 1 3 3 1 1 

E-11 200-Sal Water Tanker, Trailer 3 0 3 1 0 1 1 0 1 5 5 4 4 

E-12 Fare Tractor/Trolly, 60-80 hp 3 0 3 2 0 2 1 0 1 6 6 4 4 

E-13 Jack Hammer, Engine-Driven 4 0 4 2 0 2 2 0 2 8 8 5 5 
E-14 Taser-Cospactor, Egine-Driven 4 0 4 2 0 2 2 0 2 8 a 5 5 
E-15 Vib Plate Compactor, Engine-Driven 1 0 1 1 0 1 1 0 1 3 3 1 1 

E-16 Asphalt Sprayer, 50-6al, Hand-Operated 1 0 1 1 0 1 1 0 1 3 3 1 1 
E-17 1/3-CY Concrete Mixer, Engine-Driven 1 0 1 1 0 1 1 0 1 3 3 1 1 
E-18 Hand Tools (Average per Crew) 12 0(5) 12 6 0(5) 6 3 0(5) 3 21 21 18 18 

Notes: (1)Ineach district, one unit could handle the work; however, two units are required for the regravelling operation to keep other equipment operating
 

efficiently.
 
(2) ot sufficient need, although the stockpiling of materials has not been considered inthe analysis and one unit could be effectively used for that
 

operation and others as well.
 
(3)Not sufficient need; renting would be more economical (ifdozers are not to be moved, a 15-ton rig would be sufficient).
 
(4)Sukkur District has a flat-bed truck which could be used inplace of a pick-up.
 
(5)Some of these tools undoubtedly exist, but no figures were available.
 
(6)Although not warranted for the activities listed, one unit should be considered in a three-district, single fleet.
 
(7) Even with the demands of the larger fleet, itwould be tore economical to rent. 
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can buJarishould be seriously considered so that training
Hand-Operated. 

early on the maintenance of shoulders.
 

D. PERSONNEL ANALYSIS BY DISTRICT 

Once a reasonable balance of equipment has 	been reached, 
the same
 

is used to check personnel resource requirements.
Work Activity spread 


good
three districts. As is usually the case, a 
This was done for all 

yield a good balance of personnel, at least for
 

equipment balance will 

any temporary


the semi-skilled labor classification and higher; 


shortage in unskilled labor needs can be filled 
with short-term day
 

labor.
 

the districts
 
The theoretical personnel requirements for 	each 

of 


The actual requirements,
 
are shown in Tables IV-IC)a, IV-10b and IV-10c. 


Table IV-lOd. These numbers were
 
for all districts, are shown in 


that used for the equipment
reasoning as
derived using the same 

people for
 

requirements; i.e., in arriving at the required number of 


scheduled -and unscheduled absences were taken into 
each classification, 

in this case, increasing the theoretical needs by 15% for
 
account by, 


the classifications of 
skilled labor and higher, and by 25% for
 

semi-skilled and unskilled 	labor.
 

E. ORGANIZATIONAL REQUIREMENTS 

three separate major Divisions will
 the District Enqineer,
Under 

Department: Road Construction, Road 

eventually be required in his Roads 	
withThis advent was discussedMaintenance.Maintenance-and Equipmetnt 

to the necessity and showed a
 
district officials and all 	agreEd 


In no case did staffing appear 
to be a
 to form them.willingness 
up in each of the three 

problem; however, traininq was brouglht 
in each category.districts as a very importantrineed 

several Sub-DivisionsDivision will require 	 to 
The Road Maintenance 

such as Planning, Programming,of the work --cover the various facets 


Scheduling, FA Maintenance, Contract Maintenance, Materials, Budgeting,
 
be combined,

of these could, and probably should,
Accounting, etc. Some 

or requires separateworkload warrants 
at least until such time as the 

offices.
 

forDivi sion will also have the need 
The Equipment Maintenance 

Equipment Maintenance, Purchasing,such as for 

Spare Parts, Disbursement, Inventory, etc.several Sub--Divisions. 
Stores and recommended
 

of
is the/separation
*the single most important objective, however, 

on paper, no
road maintenance activities. E-.tcept

road construAction theanrd 	
the District Enqineer has 

currrent. ei.]st;sieparaLe divisions 
for all enqineerinn activities within his 

overall responsibility 	 androad maintenance, buildings
road construction,district, including 	 division mustroad mainternanceetc. A separatesewerame.lanids, water, 



Tab!e IV-lOA 
SUKKUR DISTRICT THEORETICAL NUMBER OF PERSON-DAYS 

REQUIRED BY MONTH 

Month Jan FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
Work Days 19 23 25 24 24 25 18 18 22 25 25 20 

Code Classification 

P-Ol Engineer 0.37 0.30 0.28 0.33 0.33 0.32 0.44 0.39 0.32 0.28 0.28 0.35 
P-02 
P-03 
P-04 

'Sub-Engineer 
*S.D.O. 
Foreman 

0.00 
0.00 
2.87 

0.00 
0.00 
2.68 

0.00 
0.00 
2.63 

0.00 
0.00 
2.81 

0.00 
0.00 
3.31 

0.00 
0.00 
3.44 

0.00 
0.00 
2.81 

0.00 
0.00 
2.75 

0.00 
0.00 
3.10 

0.00 
0.00 
2.93 

0.00 
0.00 
2.85 

0.00 
0.00 
2.55 

P-O5 
P-06 
-07 

Operator 
Operator Assistant 
Driver, Heavy Veh 

4.37 
2.95 
0.58 

3.70 
2.43 
0.61 

3.52 
2.36 
0.56 

3.63 
2.42 
0.58 

3.79 
2.58 
1.00 

4.20 
3.04 
1.00 

4.28 
3.00 
0.72 

4.11 
3.06 
0.83 

3.45 
2.41 
0.59 

3.40 
2.36 
0.56 

3.48 
2.40 
0.56 

4.10 
2.90 
0.50 

.­08 
P-09 

Driver, Fars Tract 
Driver, Light Veh 

2.37 
5.61 

2.22 
5.47 

2.12 
5.39 

2.25 
5.60 

2.42 
6.10 

2.40 
6.24 

2.11 
5.75 

2.11 
5.64 

2.55 
5.88 

2.40 
5.69 

2.40 
5.61 

2.20 
5.40 

P-1O 
P-11 

Crew Leader 
Skilled Laborer 

5.74 
1.63 

5.22 
1.43 

5.12 
1.36 

5.17 
1.42 

5.17 
1.42 

5.64 
1.36 

5.83 
1.72 

5.61 
1.28 

5.05 
1.14 

5.00 
1.04 

5.08 
1.08 

5.80 
1.30 

P-12 Semi-Skill Laborer 5.53 5.73 5.72 6.21 7.88 8.12 5.28 5.06 7.41 6.88 6.68 5.00 
P-13 Unskilled Laborer 17.74 16.65 16.36 16.96 18.04 19.00 17.61 17.61 17.59 17.08 17.00 17.30 

# Will share supervision and inspection load with Engineer. 

JACCABAD DISTRICT 
Table IV-lOb 

THEORETICAL NUMBER GF PERSON-DAYS 

REQUIRED BY MONTH 

Month 
Work Days 

Jan 
19 

FEB 
23 

MAR 
25 

APR 
24 

MAY 
24 

JUN 
25 

JUL 
18 

AUG 
18 

SEP. 
22 

OCT 
25 

NOV 
25 

DEC 
20 

Code Classification 

P-01 
P-02 
P-03 
P-04 

Engineer 
*Sub-Engineer 
*S.D.O. 
Foreman 

0.05 
0.00 
0.00 
0.87 

0.09 
0.00 
0.00 
1.25 

0.04 
0.00 
0.3 
1.11 

0.08 
0.00 
0.00 
1.24 

0.04 
0.00 
0.00 
0.77 

0.12 
0.00 
0.00 
0.76 

0.11 
0.00 
0.00 
0.86 

0.17 
0.00 
0.00 
1.03 

0.05 
0.00 
0.00 
1.20 

0.08 
0.00 
0.00 
1.12 

0.04 
0.00 
0.00 
0.60 

0.15 
0.00 
0.00 
0.79. 

P-05 
P-06 
P-07 
P-09 
P-09 

Operator 
Operator Assistant 
Driver, Heavy Yeh 
Driver, Fars Tract 
Driver, Light Veh 

1.11 
0.89 
0.11 
0.42 

2.18 

2.43 
1.17 
0.61 
1.39 
2.51 

2.24 
1.08 
0.51 
1.29 

2.3' 

2.33 
1.13 
0.63 
1.33 

2.45 

0.83 
0.63 
0.21 
0.33 

1.94 

0.84 
0.64 
0.12 
0.32 

2.08 

1.11 
0.83 
0.11 
0.44 

2.25 

1.44 
0.94 
0.33 
0.67 

2.42 

2.50 
1.18 
0.64 
1.45 

2.43 

2.24 
1.08 
0.56 
1.28 

2.40 

0.80 
0.60 
0.00 
0.32 

1.84 

1.00 
0.75 
0.00 
0.40 
2.14 

P-IO 
P-I 
P-12 
P-13 

Crew Leader 
Skilled Laborer 
Sesi-Skill Laborer 
Unstilled Laborer 

2.32 
0.74 
1.89 
6.11 

2.09 
0.74 
1.65 
7.43 

2.04 
0.63 
1.44 
7.04 

2.00 
0.71 
1.83 
7.29 

1.96 
0.63 
2.17 
5.38 

2.01 
0.72 
1.7S 
5.52 

2.39 
0.83 
1,89 
6.22 

2.33 
0.94 
2.00 
6.72 

2.14 
0.68 
1.55 
7.55 

2.04 
0.72 
1.44 
7.08 

2.04 
0.64 
1.36 
5.04 

2.25 
0.85 
1.80 
5.65 

1 Will share supervision and inspection load itN rngineer. 
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Table IV-lOc
 
SHIKARPUR DISTRICT THEORETICAL NUMBER OF PERSON-DAYS
 

REQUIRED BY MONTH
 

Code 

Month 
Work Days 

Classification 

Jan 
19 

FEB 
23 

MAR 
25 

APR 
24 

MAY 
24 

JUN 
25 

JUL 
18 

AUG 
18 

SEP 
22 

OCT 
25 

NoV 
25 

DEC 
20 

P-01 
P-02 
P-03 
P-04 
P-05 
P-06 
P-07 
P-08 
P-09 
P-1O 
P-II 
P-12 
P-13 

Engineer 
#Sub-Engineer 
§5.0.0. 
Foreman 
Operator 
Operator Assistant 
Driver, Heavy Veh 
Driver, Fare Tract 
Driver, Light Veh 
Crew Leader 
Skilled Laborer 
Semi-Skill Laborer 
Unskilled Laborer 

0.11 
0.00 
0.00 
0.84 
1.53 
0.89 
0.42 
0.95 
1.68 
1.37 
0.32 
1.21 
5.26 

0.09 
0.00 
0.00 
0.59 
0.87 
0.52 
0.26 
0.57 
1.37 
1.26 
0.30 
1.30 
4.17 

0.04 
0.00 
0.00 
0.58 
0.84 
0.52 
0.36 
0.48 
1.38 
1.28 
0.28 
1.28 
4.20 

0.08 
0.00 
0.00 
0.69 
0.88 
0.54 
0.38 
0.50 
1.52 
1.29 
0.38 
1.50 
4.50 

0.04 
0.00 
0.00 
0.67 
0.92 
0.58 
0.38 
0.50 
1.46 
1.33 
0.33 
1.42 
4.63 

0.04 
0.00 
0.00 
0.52 
0.52 
0.44 
0.16 
0.24 
1.28 
1.28 
0.32 
1.36 
3.88 

0.06 
0.00 
0.00 
0.68 
1.06 
0.72 
0.39 
0.67 
1.51 
1.33 
0.17 
1.17 
4.72 

0.06 
0.00. 
0.00 
0.68 
1.06 
0.72 
0.39 
0.67 
1.51 
1.33 
0.17 
1.17 
4.72 

0.14 
0.00 
0.00 
0.61 
0.77 
0.50 
0.23 
0.45 
1.52 
1.36 
0.41 
1.36 
4.41 

0.08 
0.00 
0.00 
0.58 
0.72 
0.48 
0.32 
0.40 
1.38 
1.24 
0.28 
1.52 
4.16 

0.12 
0.00 
0.00 
0.64 
0.72 
0.44 
0.24 
0.44 
1.52 
1.32 
0.44 
1.64 
4.32 

0.05 
0.00 
0.00 
0.79 
1.50 
0.80 
0.40 
0.95 
1.59 
1.45 
0.3t 
1.2C 
5.2C 

' Will share supervision and inspection load with Engineer. 

Table IV-iOd 

ACTUAL PERSONNEL REQUIREMENTS BY DISTRICT 

Code Classification Su~kur Jacobabad Shikarpur 

P-01 
P-02 
P-03 
P-04 
P-05 
P-06 
P-07 
P-08 
P-09 
P-10 
P-1l 
P-12 
P-13 

'Engineer 
'Sub-Engineer 
S.0.O. 
Foreman 
Operator 
Operator Assistant 
Driver, Heavy vehicle 
Driver, Farm Tractor 
Driver, Light Vehicle 
Crew Leader 
Skilled Laborer 
Semi-Skilled Laborer 
Unskilled Laborer 

4 
5 
3 
2 
3 
6 
10 
2 
8 

24 

2 
3 
2 
2 
2 
3 
5 
2 
3 
12 

2 
3 
1 
2 
2 
3 
3 
2 
2 
8 

#Requirements will depend on'organization, see text. 
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be established early in the project, and headed by a maintenance 
enqineer, responsible to the District Enqineer.
 

Should divisional authority come into the picture, that would, of 
course, influence the ultimate district orqanizations. Hopefully, this 
decision will be made early in the project. 

F. RESOURCE COSTS
 

For the most part, all resource costs were taken from the previous
LBII report; however, when better, more recent information was 
available, it was encorporated into this document.
 

The hourly and daily equipment costs are inshown Table IV-11 (thisdata was taken directly from the L81I March report, and appears on the 
followinq page).
 

2. Personnel 

fhe waqes for the various labor classi-fications were calculated
based or information supplied by the Accountin Of+icer for Sukkur 
District Council. They should not vary apprc-ciably in the other two 
districts. lhev are shown in "fable IV-12. 

fable IV-12 
SALARIES.jIIHt. & DAILY WAGE CHARGES Dt L-B(LOR CLASSIFICAII ON 

F'ermarierit Staff Day Labor 

Labor Monthly Daily (I) Daily
Classification Salary Waries Wages
 

S. [. U. 140(0 103 N/A
,-,b --Ena i neer 16()() 11 N/A

Mechaln ic 14(()o 14)3 N/A
Fore, i.ri 1,2 15(. *) 11u N/A

it,.r Eitjr I20C) 13/ N/AIJ:.-r---LtDr" f-s s 2t.r, t" '.,., A) 14/ A 
Driver ie-eavy Irucki l-..9 8/ N/ADriver (Farm Iractor) I2U 8' N/A
Driver (Liqht Vehicle) 900 68 N/A
Lrew Leader (2) lu.) 75 N/A
Skilled Laborer (3) 900 68 70 
S~mi'-Skilleci Laborer (4) 650 51 50
Urk ill ed Labor er' u 47 40 

(1 Includes all frinqe benefits; (') Newly created position:
(3) Carpenter, Mason, etc.; (4) Power tools. etc. 
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Table IV-I 
EgUIPMENT COSTS 

Hourly Hourly Costs 
Purchase Estimated Total Costs Fuel IRs) Daily 
Prices Life Including Consump -.-------------------- Costs 

No Unit (Rs) (Yr) Amortization (Lt) POL Own i Op Total (Rs) 

E-01 2.5-Ton Pick-Up Truck, Double Cab 210000 7 322098 3 25 48 72 579 
E-02 1.5-Ton Pick-Up Truck, Single Cab 160000 7 245408 3 25 36 61 488 
E-03 Motor Grader, 120-130 hp 1200000 10 2123760 21 174 219 393 3146 

E-04 Pneumatic-Tired Roller, 10-14 tons 800000 12 1549840 17 141 133 274 2193 
E-05 1-Ton Vibrating Roller, Hand Operated 100000 10 176980 8 66 18 B4 672 
E-06 backhoe/Loader, I CY 1000000 10 1769800 22 182 183 365 2919 

E-07 Front-End Whe2led Loader, 1.5 CY 1200000 10 2123760 22 182 219 402 3212 
E-08 Low-Bed Tractor-Trailer, 25 Tons 640000 10 1132672 15 124 117 241 1929 
E-09 B-Ton Dump Truck 600000 10 1061880 15 124 110 234 1871 

E-10 2,000-Gal Water Tanker, Truck 350000 12 678055 17 141 58 199 1593 
E-11 
E-12 

200-Gal Water Tanker, Trailer 
Farm Tractor/Trolly, 60-80 hp 

35000 
150000 

12 
10 

67806 
265470 

0 
8 

0 
66 

6 
27 

6 
94 

47 
749 

E-13 Jack Hamter, Engine-Driven 20000 7 30676 1 8 5 13 102 
E-14 Tamper-Compactor, Engine-Driven 25000 7 38345 1 8 6 14 I1 
E-J Vibrating Plate Compactor, Engine-Dr 40000 7 .61352 1 8 9 17 139 

E-16 Asphalt Sprayer, 50-Gal, Hand-Operat 70000 7 107366 0 0 16 16 127 
E-17 I1/-CY Concrete Mixer, Engine-Driven 60000 7 92028 1 8 14 22 175 
E-18 Hand Tools (per crew) 10000 2 11834 0 0 6 6 49 

Source: NTRC '(Planning Cobnmisssion)/FRDEC/ USAID 
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for drainac e works, from the
 Unit cost figures were tLken, 

Public Health Engineering
Sind's Schedule of Rates for
Government of 
 (still in


Standing Rates.Committee, 1980 
Works (Publication #19), 
 and Power
 
for road construction, from the Irrigation 


Rates (Publication 013), Standing Rates

effect); 

Departments Schedule of 


(also still in effect). Other, fiqures were given by the
 
Committee, 1982 


in each of the
 
District Enoineers and by local contractors interviewed 


to be
ova:flable hadWorks for whilch no'information was
districts. e d unit costs vere reported to beoovernnent-allv
 
by adding 20% to the figures of the StAndLna


eskimated. Maiimum 
Rates Committee.
 

derived 
a copy of these rates; his own final unit bid 

Each contractor has 
 to be doneown analysis of the work 
amount. however, will depend on his 

the job). To be realistic, the Consultant
 (and on how badly he wants 

lowier than the ma:imums reportedly
costs which are 10% 


this is still considered conservative for 

has used unit 


this analysis.

allowed; 


the process of
 

costs. 

(Some inconsistencies were discovered in 


For example, The Irrigation & Power
 
establishing reasonable unit 


a July 19b3 publication, set the rate
 
Department. Government of Sind, in 


for spreading anid compactinq a base course with crushed rock
 
per 010' cubic feet. whLle the at-quarry price as Ru 280.15(1-1/2"-max) 


was quoted (and confirmed by

Town) for the same material(near Sukkur 


Rs 275 per 10) cubic feet.
 
telephone) by the Sukkur Olstrict Engineer as 

study has used the latter fioure in the costing calculations.)
This 

The hauling of some materials woill be a substantial cost component,
 

The established scale (Standing
 

Rates Committee) can 

particularly for the crushed rock. 


be seen in Table 111-3. For a 50-mile haul, a Rs
 

crushed rock would be increased
75/CY purchase price quoted for 2"-maxi 


to Rs 147 at the delivery site -- nearly double.
 

Table 111-3 
CONTRACTOR HAULING RATES FOR CRUSHED ROCK 

(Sind Province) 
Over Paved Roads Over Katcha.Roads 

Stand i nq 
Commi ttee 

Rates (1) (2) 

Unit (Rs/lO0 CF) (Rs/CY) (Rs/CY) 

12.87 12.87
 

2nd Mile 8.65 2.52 

1st Mile 44.15 


3.15
 

Zrd Mile 6.15 1.79 2.24
 

4th Mile 5.95 
 1.74 2.17
 

5th Mile 5.35 1.56 1.95
 

6th Mile(3) 4.40 1.2B 1.60
 

(1) Standing Committee Rates. converted to CY and increased
 
by 90% of 20% (see text)
 

(2) Standing Committee Rates as in (1) but further increased
 

by 25% to reflect higher costs of operating on katcha
 

roads
 

(3) And all subsequent miles
 

Source: Sukkur District Council
 

hand-loaded
 

farm tractor-trolleys (capacity 3.7 CY, runnino speed of 

The haul-cost figures in the table assume the use of 


20mph on paved
 

roads and 5 mph on katcha roads). For comparative purposes, the
 

following analyIs has been made with a more ,echdnized approach:
 

-Assumptions: o 8-ton truck (capacity - 5 CY); running speed 

40 nph for paved roads, I) mph for katcha 

roads: turn-around time. including loading 
-

5 ninutes: Rs 250/hr including driver.
 

a 1-1/2-C' front-end load.r, liidnu time - 3 min
 

(loo0dor Lt. bu ejt her iati nccu(1u ed in the
 

quarry operation when nut ii the loading
 

process); Rs 418/hr including operator.
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Loading: Loader -- (3/60) x 418 = Rs 20.90
 
Truck (5/60) x 250 = 20.83
 

Running: Truck --- (60/40) x (250/60) = 6.25
 

Total (loading + 1 mile, paved road): Rs 47.96
 

Including 10% profit:
 

Over all Roads: Loadinq + Ist Mile = (47.98 x 1.1) / 5 = Rs 10.56/CY 
F.:unni no over Paved Roads (6.25 x 1. 1) 5 :: Rs 1.36/CY--Mi le 
Runningq over Katcha Roads = 1.38 x 1.25 = Rs 1.72/CY-Mile 

Note: A loading charge, plus a flat unit rate/CY-mile for the
 
hauling would be more reasonable than the official
 
sliding scale for the first six miles quoted in
 
Table 111-3.
 

In comparing the mechanized effort with the hand-loaded 
tractor -trolley approach. it would appear that the rates are nearly
equal. There is a profound difference, however. when lookinq at it from 
the job site: 2.7 times as much material -- (5/3.7) ;: 2 (twice the 
running speed) -- is reaching the site in the same amount of time or, to
 
put it another way, it would take 2.7 tractor-trolleys to supply the
 
same amount of mater jal as one 6-ton truck, and this assumes,
 
unrealistically, that the trolley can be hand-loaded in the same three
 
minutes as the truck. It 
should also be noted that whereas the
 
Consultant's hourly costs for equipment include both operating and full
 
ownership costs (including interest and depreciation), it is not known
 
if the government figures do.
 

(For hauls of more than ten miles, larger trucks would operate at
 
lesser CY-mile rates.)
 

For other items, haul costs do not have such a profound effect on
 
total costs. Maximum haul charges for liquid asphalt have also been
 
set: Rs 7.16 for the 1st mile, Rs 2.73 for the 2nd and Rs 1.47 for the
3rd and ensuing miles. These figures are 
for one metric ton (2,240
 
lbs). For the haul 
to Sukkur from Karachi (304 miles), for example,
 
this would translate into Rs 2.20 per gallon. or 11% of the total cost
 
in Gu.kur.
 

Costing the various rehabilitation/up-grading works was done as
 
follows.
 

1. Bituminous Pre-Mix Overlay 

The Standing Rate for applying a l"-layer of Pre-mix (3/4"-max) to
 
an existing pavement is Rs 72.95 per 100 square feet. This translates
 
-into Rs 236 per cubic yard, in place.
 

2. Shoulder Rehabilitation
 

This work entails, as envisaged by the CoVIsultant, the scarifying

of the existing shoulder, the spreading. watering and mixing-in of
 
-"nn ' 'm,, n ,L ., /, .. - x -. - . . . ... r -.... .. I ".., 
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aggregate, shaping and compacting it to be flush with the edge of
 
was
pavement. There is no Standing Rate for this work, and it 


calculated (assuming a'labor--intensive effort) as -follows:
 

Equipment: 1, 2.5-Ton Pick-Up Truck, Double Cab
 
1, 1.5--Ton Pick--Up Truck, Sincile Cab (t/4-time)
 
1, 1-Ton Vibrating Roller, Hand-Operated
 
1, 200-Gallon Water Tanker, Trailer
 

Hand Tools
 

Personnel: 	 1, Foreman
 
1, Driver, Light Vehicle
 
i, Semi--Skilled Laborer
 

20, Unskilled Laborers 

Materials: 25, CY Crushed Rock., 1-1/2"-max
 
(30-mile haul)
 

Production Rate: 25 CY/Day (400o SF/Day) 

Using the unit costs cited elsewhere herein for equipmcnt, 
personnel, materials and haulage, the daily cost = Rs 5,367/25CY = 
Rs 215/CY. The production rate used was 1 mile/day.( All figures are indicative) 

3. Gravel Surface Course 

This work consists of supplying, spreading, watering, shaping and 
compacting a 5"-loose-layer (4" compacted) of 1"-max, crushed, graded 
aggregate over a pre-Fhaped and compacted surface (18 or 22 feet wide). 
Materials cost. at the at-quarry rate quoted for 1"-max in Sukkur, is Rs 
95/CY. Costs for a 30-mile haul has been calculated as Rs36/CY. Using
 
100% of the (high) materials cost as the cost of equipment labor, 
tr,.- total cost 4or this w-rk wo,.0d approtim:te Rs 226/CY. 

4. E> i.stirigSUrface_Rehabilitation 

While this work is very similar to that of rehabilitating the 
shoulders, it is a much larger operation (and will be disruptive to 
traffic) and should be more mechanized. The following crew make-up has 
been assumed: 

Equipment: 	 1, 1.5-Ton Pick-Up Truck, Single Cab
 
1, Motor Grader, 120-130 hp (w/scariFier blade)
 
2. Pneumatic-Tired Rollers, 10-14t
 
I 2,000-Gal 	 Water Tanker. l'ruck 

Per sorriel : 	 1 Foreman 
3, Operators
 
11 Operator Assistant
 
1, Driver, Heavy Vehicle 
1, Driver, Light Vehicle 
4, Unskilled Laborers 

Materials: 1075. CY Crushed Rock. 2"-max (30-mile Haul) 
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for- equipment,
elsewhere hereinUsing the unit costs cited 
=daily' cost = Rs 128,600/1075 CY 

personnel, materials and haulage, the 
1.5 miles/day.
Rs 120/CY. The production rate used was 


5. Formation Widening
 

(from side-borrow
simple earthwork for roads
The Standing Rate for 

100 feet of the roadway) , including compaction to 95% (modified
within 


means iorking under
Road widening, however,
AASHTO), is Rs 20.4/CY. 

the figure has been increased to RS 30/CY


constricted conditions, and 


-for this estimate.
 

costs for the rehabilitation
Table 111-4 summarizes the basic unit 


and/or up-grading works considered in this study; Table III-5 cites the
 

per-mile unit costs.
 

Table 111-4
 

AVERAGE BASIC UNIT COSTS
 
for
 

REHABILITAY'ION/UP-GRADING WORKS
 

(1985 Rupees)
 
In-Place
 

236/CY
Bituminous Pre-Mix Overlay (1" Thickness) 

215/CY
Shoulder Rehabilitation, Crushed Rock, 1-1/2"-max 


1"-max 226/CY
Surfacing Course, Crushed Rock, 

max 120/CY
Existing Surface Rehab., Crushed Rock, 2 


30/CY
Formation Widening, Side-Borrow 

2.040/ea
18" RCP Culverts 


Source: Standing Rates Committee, GOS.
 

Table 111-5
 
PER-MILE UNIT COSTS
 

for
 
REHABILITATION/UP-GRADING WORKS
 

(1985 Rupees)
 
In-Pl ace
 

66,650/mile
Shoulder Rehabilitation, Paved Surfaces (1) 

350,300/mile
4" Surfacing, Unpaved Surfaces (2) 

Exist Surface Rehabilitation, Unpaved Surfaces(2) 75,000/mile 

Formation Widening, Unpaved Surfaces (2) 25,200/mile 
2.040/mile18" RCP Culverts, in place (3) 

Notes: (1) Cost includes both shoulders: (2) Averaqe for ALL 

UNPAVED rods: ..) Averaqe For ALL roads. 

Cost for a 1"-thick biturtlirnous overlay will be Rs 46,200/mile 
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The crev.s, then:
 
Excisting Surface Preparation
 

Rs/Day
 
3146
1, Motor Grader 

4386
1, Roller 


1, Water Tanker Truck (1/2-time) 796 

1, Fick-Up Truck (1/2-time) 290 
(8616) 

New Surface Application
 
Rs/Day
 
3146
1, Motor Grader 

6872
2, Rollers 

1, Water Tanker Truck (1/2-time) 796 

1, Pick-Up Truck (1/2-time) 290 
(13104) 

8,618 + 13,104 = 21,772/2 = Rs 10,861/mile
Total.Equipment Costs: 


In total, these two crews will require staffing as follows:
 

Rs/ Day 
1, Foreman 110 
5, Operators 435
 
4, Operator Assistants 244
 
1, Driver, Heavy Vehicle 87
 
1, Driver, Light Vehicle 68
 
4, Unskilled Laborers 186
 

(1132)
 

Total Personnel Costs per- Mile: 1,132/2 = Rs 566/mile 

h- miater ials cited above total:t 

Road Cateqory (3): 1,790 CY/mile at Rs 95/CY = Rs 170,050/mile 
Road Category (4): 1,475 CY/mile at Rs 95/CY = Rs 140,125/mile 

Total Haul Costs: 
Sukkur District (3): 1,790 x (30-15) x 1.30 = Rs 34,905/mile 

(4): 1,475 ", (30-15) x 1.30 = Rs 28,760/mile 
Jacobabad Distr (3): 1,790 x (50-15) x 1.30 = Rs 81,445/mile 

(4): 1,475 x (50-15) x 1.30 = Rs 67,110/mile 
Shikarpur Distr (3): 1,790 x (30-15) : 1.30 = Rs 34,905/mile 

(4): 1,475 x (30-15) x 1.30 = Rs 28,760/mile 

Total Basic Per-Mile Costs: 
Equip Pers Mats Haul Totals 

Sukkur and 
Shi karpur---

Category (3) 10,570 566 170,05' 34,905 216,090 
Cateqory (4) 10.570 566 140,125 28,760 180.02)0 

Jacobabad---
Cateqory (3) 10,570 566 170,050 81,445 262,630 
Cateqory (4) 10,570 566 140,125 67,110 218,370 

The equipment and personnel costs were taken directly from Tables 
IV-I and IV-12 and do not include any overhead or profit. The final 
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averaqe per-mile costs in Table V-I reflect a 20% increase in those twc 
i tems. 

Table V-I
 
AVERAGE PER-MILE COSTS FOR RESURFACING GRAVEL ROADS BY DISTRICT
 

CONTRACT MAINTENANCE
 
(1985 Rupees) 

Category (3) Category (4)
 

Sukkur & Shikarpur 218,315 182,245
 
Jacobabad 2.64,855 220,595
 

C. FREQUENCY OF ATTENTION 

Gravel roads lose their surfacing over time and, periodically, the 
material must be replaced. '-This is caused primarily by traffic, bu.v! 
the elemen-ts also play a role -- particularly wind and rain. The rate 
of lose, however, can only be equated to the number of vehicles using
the road: once an equation has been accepted, a factor can then be 
applied in order to bring the elerents into play. Since the action of 
the elerrments will be fairly constant in a given area, clearly the highet 
the traffic, the less of a factor are the elements. 

The Road Research Laboratory in England years ago adopted a simple

formula for material loss, and has used it ever since: Annual loss, 0.
 
I"/ 100 AADT. That is, with an 
 AADT of i0o, I" Would be lost per year;
for an AAYDT of 25, it would take four years to lose the same amount. I-. 
the latter case, however, a factor should be applied to take into 
account the effect of the elements. The following equations have been 
used in this analysis: 

AADT of I00 0= 1.00"/100 AADT 
AADT ,nf 50 Q = 1.25"/00 AADT 
AADT of 25 C! 1.50'/100 AADT 

Since the up-qradinq from katcha to qravel envisages only a 
f'nUr -inch qravel carpet, when a road has lost two inches, it will 
req_,ire resurfacing, again of four-inch thickness (bringing its total 
thicltress, then, to six inrchesj. The above formulae would establish a 
freauenc., of operation on their own; however, they do not take into 
acc(u:.vnt the routine patchirc of potholes (which adds material), the 
r':'.i, *e ILqhLt qradinq (0I,ii:ch br inqs displaced material back onto the 
ro.ijwAa./) or tlhe periodic Iiea / grodinq (which adds material). The 
fi.r st. and subseciuent, rest.,rfa-cinr attention required, by selected 
AADls: is estim_,ted as follows: 

AADf of 100, 1st resurfacing afLer 3 years, then every 6
iAADr of 5), 1s r0sLsr-facinq after 5 years, then every 10 

AArst of 25. Ist ,'esL,rfacinq . fter 8 years, then every 16 
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TENTATIVE ANNUAL PHASING OF
 

RURAL ROADS COMPONENT 
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Summary of Project RegultR
 

The project is the first 
 model project of its kind in
Pakistan, as such it takes on an extremely important role since it

is envisaged to result in the establishment of a maintained 
 paved

network of roads and 
 to provide katcha access 
to many of the
 
villages which are currently without any link at 
all.
 

The project will 
 also result in identifying the policy

institutional reforms necessary to establish an 

and
 
infrastructure for


Road Resources Management. It will establish 
 properly equipped

Road Maintenance equipment pools, 
 provide training to provincial

district authorities 
in many facets of Resource Management

including technical training and finance.
 

As such, this is the first 
project whose objective is to
invest in protecting the huge investments made by 
the Government
 
on 
our road network, and in determining the optimal allocation 
 of
 
financial resources for road systems.
 

At the end of the project, besides the above benefits, there
will also be much needed socio-economic benefits to 
the rural
 
areas 
of Sind which are currently without access roads and, beyond

the reach of 
 basic social services like health, education etc.,

which are prime goals 
set in the Sixth 
 plan and the Prime
 
Minister's Five Point Manifesto.
 


