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This report is submitted in respomse to Project Implementation
Order 306-AD-31-AD-2-2-30047 issued by the United States Agency for
Tntornational Development @ March 1963 to the Chief of Engineers,
U.S. Army, Washington, D. C. Requircments for the investigation
and report are quoted from parte of the aforesaid deocumcnts

"Tho Corps of HEngincors will furnish the necessary
number of qualificd personnel, oquipment and matorials to
make the roguired topographic and drainagoe survey, and o
carry ocut all suech othor stops necessary to establish the
propor and most cconomlcal location of the road and to
prepare the proliminary design and reasonable firm osvi~
mates of costs of construction of the road. All such
activitios shall be carricd out in accordance with gencr—
ally accepted cngincering practices. Cost cstimates shall
be preparcd undor tho assumption that an American construc-
tion contracter will be cmployed, and that 21l coment, stcol,
asphalt if rcquired, construction cquipment and administra-
tive and supervisory services will noed tc bhe procured out-
gide of Afghanistan. It is 0 be assumed that adequate
common and semi-skilled labor can be obtained in Afghanistan.
A detvailed report shall be prepared and submitted to USAID
Afghanistan for presentation to the Ministry of Public Works
for consideration and further action. Such report shall be
sufficiently detailed and comprehengive to serve as a bagis
on which an ATD Loan Application can be completed and pre~
sented and to satisfy Se¢. 611 of the Foreign Assistance
Act of 1961. Prior to final preparation of said report a
preliminary dralt shall be submitied to AID/W for review.
Subsequently, 25 copies shall be prepared = 5 eagh for
AID/W, G of B, RG4, and USAID/A."

Conduct of the investigation and preparation of the report was
assigned to the Division Enginecr, Mediterranean Division, U. 3.
Army Corps of Engineors, Leghorn, Ttaly. The economic feasibility
portion of this report was furnished by the U.S. Country Team in
Afghanistan. Griteria for the report is set forth in Chapter IX
of Manual "Feaglbility Studies Bconomic and Technical Soundness
inalysis Capital Projects®, dated June 1, 1962 by Dept. of State,
AID. A summary of the principal features and findings of the
investigation followa.
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REPORT ON FBASIBILITY OF IMPROVING HIGHWLY
FTROM HERAD TO AFGHANISTAN-TRANTAN BORDER

ITRODUCTION

A consideration of the economic feasibility of constructing a
modern highway from the City of Herat in - northwestern Afghanistan
to Islam Qala on the Iranian border must be viewsd in the light and
context of the history and objectives. of the US.LID program for
economic and social development in jfghanisvan and commitments made
to the Royal Government of Afghanistan for such assistance.

Although U.S5. assistance to Afghanistan actually started in
1950, the grant aid provided from thot year through 1955 was only
token in nature. Major U.3. grant z2id began in 1956 in support of
the development of air transportation. Increased agsistance con-
tinued inte 1957, the year of preparation of the First Five Year
Plan for economic development, a plan designed to provide for a
firm foundation on which the future economy of the country could
be built. Tneluded was the construction of a country-wide modern
highway network that would eventually provide connecting links
between the major cities and with the borders of Pakistan and the
Soviet Union. It is to be borre in mind that at the time this
decision was +taken, most roads of Afghanistan were little more
than animal trails. Furthermore,; +tho country is completely land-
locked, has no navigeble rivers nor railways, and with the nearest
port of sSea ontry being Karchi, Pakistan, a distance of about 1125
kilometors from Chaman, the closest border point in Pakistan. It
was clear that, without the construction of a basic highway system,
it would be almost futile to undertake a long~range economic and

ocial development program. The successful dovelopmont of agri-
ﬁulture and industry, basic objectives of the .\ID program, 1is
dependent to great extent on the ready and free movement of goods
both internally and to border ocutlets. The movement of imported
goods, on which Afghanistan must depend +to a large extent, demands
a modern road system over which these goods can move swiftly and

economically to central distribution areas. PFurthermore, a basic
road communication system throughout the country has considerable
internal political and social significance, factors which are in

line with US objectives. This is demonstrated hy a freer movemant

of people and easier and more frequent contact of government officials

with the remote areas resulting in a greater feeling of identity om
the part of these people with their goverument. Without a ready and
free communicatlon of people, both internally and externally, social
advance and political cohesiveness will be resiricted.

Under the First Five Year Plan, the U.S. agreed to provide

assistance in the form of commodities, equipment and technical
advice on construction of that portion of the highway network in

ii
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the southern part of the country that would commect the major cities
of Kabul and Kandahar and which would continue on to Spin Baldak on
the Pakistan border where a railﬁay connecis on the Pakistan side at
fHaman. In addition, agreement was reached to provide advice and
assistance in the paving of the highway from Kabul to Torkham on the
Pakistan border. Under the Second Five Year Plan, which started in
1962, the Royal Government of Afghanistan proposed to construct a
road from Herat to Islam Qala on the border of Iran. This would
put the final links in the overall highway system and give
Afghanistan ready access to both Iran and Pakistan.

Subsoguent to the prosentation of the Sccond Five Year Plan,
a2 series of meetings were conducted between Royal Govermment of
Afghanistan officials and the USATID/Afghanistan Director to dis-
cugs their proposals and consider those elemenis of the Plan that
might gqualify for US assistance. The assistance of the US Govern-
ment was offered in the form of a grant to perform the enginsering
work and a2 Yoan for the actual construction of the Herat-Islam Qala
road, providing a loan applicaticn is received from the RGA and
favorably acted upon.

iii
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SECTION T: SUMMARY

1. ILocation, Nature and Extent of Proposed Work.

The work proposed in this study consgists of providing an
all-weather highway to replace an existing, substandard and fre-
quently impassible road between the City of Herat, Afghanisztan and
the Iranian border. The improved road, approximately 124 kilometers
long, will follow with minor straightening the northernmost-aligh-
ment of two existing roads for approximately 75 kilometers, and the
remaining 49 kilometers will follow a new alignment. A regional map
and a vieinity map of the area are shown on Plates Nos. 1 and 2,
respectively.

2. Relation to Other Highways or Transporiation Facilities.

The highway will connect in the ouiskirts of Herat with
the Afghanistan National dighway System now under construction.
When the system has been completed; & continuous cross-couniry
highway will be achieved which will comnect the major cities of
the country and eventnally become an important transportation link
in a transcontinental highway across southern Asia. There are no
other transportation facilities in the country except air transport
which is presently being improved and expanded.

3. Major Features of Design.

The proposed improvements include a syavel surfaced road-
way 5.52 me¥ers wide on a raised embankment, where necessary to
provide drainage, and cf sufficient widith to provide shoulders 1.2
meters wide. Included in the proposed improvements are one structural
steel bridge to cross the Hari River and three reinforced concrete
bridges to crcss deep washes.

4. Prior Reporis.

Data contained in report "Basic Data on the EHconomy of
Afghenistan' .8, Dept. of Commerce 1962, was used in the prepara-
tion of this report.
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SECTION IT: ECONOMIC ASPECTS AND BENEFITS

1. Position of Project in Overall Progromg

a. Present Highway System: In 1957 the Pirst Five Year
Plan for economic development was prepared which included initia-—
tion of a construction program for a country~wide network of
modern highways. The Second Pive Year Plan starting in 1962 con-
tinued the highway construction program. Considerable work has
been accomplished under the Plans as the result of aid grants from
the United States Govermment through the Agency for International
Development (formerly the International Cooperation Administration)
and from the Soviet Govermment. The present highway system in
Afghanistan, thus; consists of completed segments of modern high-
ways comnnecied by segments of improved sub-standard roads and by
segnents of still unimproved roads. Modern highways have been
constructed between the following pointss

Kandahar to Spin Baldak on the Pakistan boxder - 105 kms.

Kabul northward - 64 kms.

Kabul to Torkham in wicinity of the Xhyber Pass - 130 kms.

Shindand to Chehil Dulkkh Taran on the Soviet border~220 Kms.

In addition, the highway between Kandahar and Kabul, a distance of
482 kilometers is presently uunder construction.

b. Present Transportation Systems other than Highways:
Afghanistan is a landlocked country with neither navigable streams,
pipelines nor railroads except for a 10-km spur-line from Kushka,
USSR. Highway and air traasport are the only available transporta~
tion facilitics. 4 modern highway system is considered more
flexible to the needs of the country than railroads and construc-
tion of such a system would preclude thc necessity for constructing
railroads cxcept for short extensions into Afghanistan territory
from railheads in neighboring countries. Construction of airports
and attendant facilities and furnishing aircraft represents a
major portion of the foreign assistance programs for the country.
Wodern international airporis have been constructed at Kebul and
Kandahar under the First and Second Five Year Plans, as well as
operational airports at Herat, Kunduz, Jalalabad and Mazar-i-Sharif.
Daily. domestic service is maintained and regular scheduled inter-
national flights are made to Tehran, Beirut, Frankfort, New Delhi
and other points.

¢. Extent to which Inadegquacies of Transport are Retarding

Economic Growths Afghanistan is still in the first stages of -
gconomic and social development. The lack of adeguate means of

D .
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transportation in the past, both within the country and to other
countries, has resulted in an economy at the bare subsistance level
because there is no incentive to produce in excess of that which
could be transported to a nearby market, The successful development
of a sound agriculture program and the establishment of an indusiry
even on an initial small scale is vitally dependent on access to
adequate transportation facilities. The movement of imported goods,
important to the social and sconcmie development of the country,
must also depend on rapid and economical means of transportation.

d. National Program for Highway Development and Pricrity
of Project Within the Program: The Nationzal Program for Highway
Development is set forth in the First and Seecond Five Year Plans
which provide for a basic network of highways approximately 2100
kilometers in length as followss

Kabul to Torkham on the Pakistan border.

Kabul to Kendahar.

Kandahar to Spin Baldak on the Pakistan border.

Kabul to @izil Qala on the Soviet horder.

Kandahar to Chehil Dukh Taran on Soviet border via Herat.
Herat to Iranian border via Islam Qala.

Construction has been staried on all these highways except for the
Herat to Iranian border highway, which is the subject of the study
reported herein. Some segments of the above highways have been
completed as noted in Para la. Assistance is now being furnished
by the U.S. Government for the construction of the first. two
highways listed above which are located in the southern region of
the counitry. Assistance was also furnished by the U.S. Government
to construct the Kandahar to Spin Baldak highway now completed.

The government of the USSR is providing the assistance for constructing
the two highways which extend 4o the Soviet bordexr. The improved
Herat to Iranian border highway was proposed for the Second Five
Year Plan and will provide & necessary additional internatiomal link
with the national highway system. For this reason, planning for
this project has top priority over other contemplated highway
projects.

2. Relation to Other Transport Systems.

Digtribution of Traffic Among the Various Types of
Transports The only other available transportation system in the
country is air tranaport. Although there is an operational airport
at Herat, there is no direct air service at the present time Lrom
Herat to points outside Afghanistan. The improvements proposcd
herein would stimulate an increased flow of wvehicular traffic but
would have little, if any, effect on present air traffic at Herat.

-3
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3. Availebility of Vehicles and Operating Personncls

a. In accordance with wehicle registration data furniehed
by a representative of the RGA Ministry of Planning, the total of
registered vehicles in Afghanistan at the end of 1962 in round
figures included approximately 10,000 trucks, 1400 busses and T0O
private passenger vehicles and taxis. In addition, 1t is eslimated
that Foreign lissions, business organizations and contraciors
operate another 600 to 750 passengexr vehicles and approximately 200
trucks. Approximately 70% of all vehicles operate in the province
of Kabul, 15% each in the provinces of Herat and Kandahar and the
remaining 15¢% is distributed over the other provinces. Accordingly,
it is estimate that the number of vehicles in the Herat province at
the end of 1942 amounted %o 800 +trucks, 210 busses and 100 4o 150
passenger vehicles. Afghanistan has been devoting, in resent years,
& sizeable portion of its foreign exchange reserve for the import
of motor vehicles, primarily trucks, of whigch 3152 were imported
duxring the period of the First Five Year Plan eunding 1961. Thus,
the First Five Year Plan promoted a yearly avcrage growith in the
number of trucks registered of approximately 9%.

b. This year a transport equipment loan of bedween 2 and
5 million dollars has been authorized by the United States. The
loan will be used for the purchase of cargo trucks; sparc parts,
tires and lubricants. It is believed that Afghanistan will
continue to give high priority 4o the import of cargo—carrying
type vchicles to accommodate the gencral tronds of its increasing
production and the incrcasging import a»d cxport activities.
Operating personrel for current traffic demand is adcguate in
numbor and expericnce and it is believed that all future increased
demand for operatving personncl can be met by the continuing and
substantially sucgessful cofforts to increaso available operator
forces in anticipation of rising demand.

4. aintensnce Facilitiess

2. Tho overland transport effort in tho country alrcady
severcly btaxoed by numerous sub-standard roads is further handi-
cappced by fthe acuse lack of adecgquatce maintenance shop facilities
and tho innumerable difficulties attending the procurement and
maintoining adeouato sparc part siocks. The reason for this lack
of maintenancce capability stoems from tho very late date at which
the country began to reoriont itsclf towards devolopment of roads
and overland transport facilitics improvemcats.

b. It is ovident that the developmont of a system of
overland highways will, with the Increosed number of highway trans-
pors vchicles, incroasc tho domand for vechiclo maintenance capa-
biiity, bus it moy also bo anticipatod that the developmont of
overland road nots will tond to climinatc meny of the current
impediments attending mainteonance requirements. The new highway
net is bound $o promotc govornmental and private efforts Ho procure
modern transport cquipment and, as their aumber will inercasingly
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replace the presently poorly maintained equipment, 'a more orderly
and predictable effort to maintain spare parts stocks will facili-
tate the future maintenance task.

¢, Recent and current sizable road construction activities
have furnished proff that; .given the opportunity for on-<the-joh
training as provided in these undertakings; local labor can -
readily be trained in the necessary skills required to satisfac-
torily operate and wmaintain transport as well as heavy construction
equipment. It is therefore believed that in all aspects of mainm
tenance endeavour the current difficulties connected therewith will
be overcome as improved highways will promote the up-dating of
transport equipment, a better flow of maintenance tools and spare
parts and further ease the short supply of trained maintenance
personnel. :

5. Fuel: Petroleum explorations have been made principally
in the northern areas of Afghanistan but the results of the explora-
tions are not known., There is no petroleum production in the country
at the pesent time. However, POL products are readily available
and are obtained from Iran, the Soviet Union and through Pakistan.
The price differential fér these products favors Iran as a supplier
but existing transportation facilities favor the Soviet Union. It
is'believed that Iran becomes the major supplier of POL products
to Afghanistan in the event transportation facilities between the
two countries were improved.

6. Bffect on Development in the Project Area:

a, Bxisting Roads: The proposed improved highway is located
in the valley of the Hari River which rises in the mountainous central
region of the country and flows westward past Herat, turns northward
at the Iranian border and finally disappears in the desert area of
Turkmenshaya SSR. There are two existing roads which follow the Hari
River Valley from Herat towards Islam Qala, Those roads join at a
point approximately 3 kilmmeters east of Islam Qala, The southernmost
road crosses the Hari River at a point approximately 28 kilometers west
of Herat and follows the south side of the valley while the northern-
mdst road follows the north side of the wvalley and crosses the Hari
River approximately 75 kilometers west of Herat. The northernmost
road has been given preference for improvement on the basis of economic
and engineering considerations.

b. De;cription of the area: The valley of the Harl River
consists of relatively flat, semi-arid desert country. Vegetation
in the area is confined primarily to the vicinity of the river where
extensive irrigation systems permit cultivation on both banks.

Land on the northern and southern edges of the valley is semi-arid
with brush vegetation which is used for fuel and sufficient grass
after winter and spring rains to permit grazing. 'The area has a
scarcity of rainfall with an annual average of 186 mm (7.3 inches)
measured at Herat over an eight-year period, Rainfall occurs

-5 -



a

mainly between December and March. Infrequeni rain storms of high
intensity may be experienced. Summers are dry and hot with daily
maximum temperatures ranging from 30 to 40 degrees G. (86 to 104 F.).
Average daily minimum temperatures of O degrees G (32 degrees F)
occur during the winter months and some snow and frost may occur.
During the monthe MIy %o -August the area is subjected %o high winds,
known locally as the 120-day winds.

c. Agriculture: Grains and livestock are the principal
agricultural commodities produced in the area; however, considerable
quantities of rice; oilseeds, clover; fruits and nuts are also
grown. 4 silk indusiry is being developed in the Ghurian Section.
Wheat is the most important grain crop followed by rice,; corn and
bariey. Some cotton is produced and the Royal Government of
Afighanistan has plans to greatly increase production of cotton in
the Herat Province during the next few years. Sheep and goats are
the most important livestock raised in the area, and some cattle
are raised where sufficient and suitable grazing land is available.
Agricultural production siatistics for the area are not available.
Sstimated annuval production in the Herat Province for +the following
commoditice arcs

Theat 200,000 Iiocvric tons
Rice 8,000 il 3]
Corn 75,000 n £

The livostock population of the Province in 1962 totalled:

Shecp and Goats 4,500,000 (Zxcl Xerakul sheep)
Gattle 360,000
Karaltul shecep 700,000

There are no agricultural processing indusisries in the arca.

d. Industrics: Thore arc a number of small-scale indus-
trial esvablishments in Herad. NMenufectures include: spinning,
woaving and finishing of fTextilosy knit goods; carpots, leoather
tonning and manufacturce of leather goodss soaps poticrys; metal
goods; furnivure and confestions.

c. Population: A ccnous of the population of Afghanistan
has nover heen taken. Howeveor, o rocent U.N. population sampling
made in the CGity of Herat, inciudinz the town proper and villages
in the Herat Muniecipality, indicated a population of 87,500. The
population of Herat Provincs ies cstimated by the Royal Govermnment
of Afghanistan at approxima2tely one million. Herat is the largost
city in the province.

]



f. Sstimate of Volume of Exportable Surplus Commodities.
an arpraisal of the anticipated economical development in the Eerat
nrovince is rendered difficult for lack of statistical records
pertaining to nast experience in the Area. ©Cn a national basis
efforts to develop statistical records on economic activities have
been made to initially record the impact of the first 5 year plan
on the national economy of Afghanistam. Abstracts of these records,
as contained in an analysis made by the UY economic mission to
afghanistan, are included hereunder, to refect general trends and
to permit rheir use for an estimate of future trends.

TABLE A

Troduction (in'0C0 tons)

1956/57 1957/58 1958/59 1959/60 1%60/61

Foodgrains ...... 3,449 3,250 3,544 3,622 3,676
Commercial crops -v. 137.0 153.C 176.0 186.6C 193.0
Fruits owoccoccccoas  248.C 248,0 27C.C 25C.C 305.0
Vegetables c.coows  473.0 506.C 500.0 500.C 560.0
=
Tédlz B

TECDUCTIGN OF CERTAL

?roduction {(in '00C tons)

1656/57 1957/58 1©53/59 1558/6C 1960/61

Wheat c.oecoeses 2,200 1,983 2,254 2,240 2,279
COTN cccvnvoanoa 624 627 644 700 700
Barley coceocess 325 357 357 369 378
RICE wonosocncos 300 303 303 313 319

Total 3,448 3,290 3,564 3,622 3,676
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TABLE €

1
ERODUCTION OF COCMHBRCTIAL CIURS

Froduction (in '0C0 cons)

1956/57 1557/58  1958/59 1959/6¢  1S6C/61

28W COEEON seeae. 2240 4.0, 53,0 47.,0 54,0

Sugar beet .cucess 33,0 " 37.0 35.0 - 44,C 44,0

Sugar cane sc.ce.e. 32.0 30,0 38.0 45,0 45,0

Gilseeds eeceeese 42,0 42,0 5C.0 5C.0 56,0
TABLE D

AVERAGE ¥TELDS CF UTREALS oD CCRMEACTAL CROTS

(in tons per hectare)

1856/57 1857/58 1958/59 165¢ /60 1266/61
1. Cereals
—;'Iheat P& Aaca 0 s 1000 0090 1901 ]uO]- ]—902
COYN cosconeos Lla30 1.28 1.30 1.40 1.40
8arley sosses 1,00 . 1.02 1.06 1,07 1.08
Rice cuccsoss  Lla3Q 1.50 1.51 1.51 1.52
2. Commercial crops
Raw cotton 0,600 0.700 0.800 0.780C 0.830C
Suzar beet 10.0 1¢,0 10,0 11.0 11,00
Sugar cane 25.0 25.0 25.0 25.C 25.0
Cilseeds 0.3 0.3 0.3 0.3 0.3
TABLE I
AVERAGE YIZLDE QF FRUITS ANMD YEGETABLES
{in tons per hectare)
1956/57 1657/58 1958/59 1959/60 1%60/61
FYuits coeee %o51 4,51 4,50 4,16 5.08
Vegetables .. 5.00 5.00 5.00 4,5C 2,00
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Source: Ministry of Agriculture, Statistics LDepartment

LIVESTCCK POFULATICMS (in million heads)

1957 1658 1859 | 1960  1%61

HOI‘SG‘.S R 0GCOOBCDOD R 0o22 C.?.zl' 0.25 0927' 0528
Mules and bullocks ..0.02 0.2 G.C02 Q.02 (.02

COWE coscocoasonss 1.9 2.3 2.4 2.6 2.7
GOALS occovcoasssss - 1.5 1.7 1.4 1.4
arabic sheep ..., 13.6 18.6 13.4 15.5 15,5
Karakul sheep ... 2.8 3.4 b1 4,6 b7
Camels ssovsccoae (o4 0.18 (.28 0.34 0,34
Donckeys cvowceos 0.74 .81 0,9} 1.2 1.3

Total 19.52 27,65 23.06 25.93 26.24

Taking the estimated values for princiral commodity production
in the Herat province as indicated in para 3c, above and comparing
these values to the national (1961/G2) commodity product it is
found that the province contributes the following percentages of the
naticnal product.

TABLE G

Mational Preduct Frovince Troduct % of national ®roduct
(in 100C of metric tons)

Yheat 2,279 200 8,78

Rice 31¢ 8 2,51

Corm 7C0 75 16,7
{(in million heads)

Sheer and goats 16,9 £,6 27.7

Cows 2.7 036 13.3

Karakul sheep 4.7 17 14,9
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tased on an estinated population for the country of ap»reximately
13.000.000 and an estimated crovince ropulation of 1.0Q0.G0C che
Herat province population egual to arnrerimately 7.,3% of total
populavion appears to contribute a greater than mroportional rer-
centage share to the natienal »roduct for all principal commodities
except for rice. Perticularly in livestock croduction the provinces
productivity appears to be substartially above the national level
of rroduction and it is in this category that the greatest potential
export carability may cherefore be anticipated. TIn accordance
with export data furnished by representatives of the 1G4 Linistry
of planning, animal husbandry in the province in the years 1560
to 1952 was the source of following exrort ravenues o the country
for exports of wool and carpets only,

TABLE H .

(ex-vessed in 1GOC of Afshanis)
% increase

1660 1961 1952 over weriod
Carcets 4,642 6,743 25,531 450%
Wools 31,112 33,337 21C,¢618 577%

It is recoznized that the above indiceted activity iacrease
cannot be used as basis te establish srowth trends as it is
racognized that it is a nhenomena raier gingular to countries
in their earxly shase of econontic develomwent., The sole coanclusion
ther may be drawn is that these figures aleng with the comparative
production data sbeve confirm the existence of a vocential source
of exporrsble surslus in am already active commodity wmroducad in
the Herat nrovince., Only scant information is availeble to assess
past exsort expérience for this area with regards to volume,
however in the absence of reliable sctatistical dzta anc¢ for the
pursose of providing at least an estimate of exvort volume the
following is wmresented.

The Levant Exnrass -sent in liashed estinared that the 1562-1963
volume of import end export handled through Islam Qala-Ferat
amcuntad to 5C.000 tons for Imports and 2G.000 rons for exports.
These rigures arpear te be confirmed by the estimate furnished
by the afghan Trade zgent a2t idshed who indicazted that the iotal
Import and Txport volume amounted to arvroximately 78.C00 tons,
the afzhan Trade Agent further estiaated chat che commercial cargo
volume for 1952/1963 will reach a volume of 10C.CCG toms for
both imworts and exports, not including another 137,000 tons of
estinated Darorts to covernment and foreign azencies and business
Lix:15,

Ia the light of the zising trend perceatage increases
shown in Table #H abowe e increase in foral import 2nd exjort

ommaege from 78.C0C to 10G0.00C toms an-ears sufficiently com-
ser—ative to accest it as 2 probable value for estimating nro-
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jected eyrort activitiés. “ith 2 total export and imnort volume rise
anounting to Z22.C0C tons the prorzted share of export would
amount to 5.600 cons per year assuming thet the respective
imrort and evport values will rewzin in che same proportional
relationship. Gince most of the exports from the Herat province
renrasents commodities rroduced in the nyovince it wmay also be
assumed that the estimated increase in exmort tonnage closely
zarallels the estimate of the volume cf esunortable svrplus
commcdities ané thus this volume could be estimated to =Zuount

to the following quentities based on a yearly volume rise of
5.60C tons,.

1964 25,600 tons per year
1274 £1.600 tons ™ t
1984 137,600 tons © v

Z. feneral Zconomic Zffect of Additiomnal Commerce Antici-
rated as a Result of the Froposed Troject: The prorosed improvement
would facilitate the flow of agriculiural and manufaciured commodities
to both domestic and Iranian warkers, Comuerce generated as a result
of the nroposed project will be of general economic benefit in the
form of an incrsased asricultural income; a rise in the proeduction
of wvarious agriceltural commodities; a stimulation of local manufac-
tures as a result of the increase in purchasing rower im the rural
areas and a rise in imports znd exports in trade with Iran and tche
Free World., A pgeneral rise in living siandards will follow,

6, snticiraced Zconomic 3enafits
a. JIncrease in Tax Receirts

at the present tiae are no sypzcial tax measures such as

road or bridge tolls, sales taxes or local gasoline taxes in the
grevince of Herat, Fowever the econowic activities incrzases, as
way be ancicipated withk the complecion of an all weather Eighway
throuzh the wrovince, should result in hisher tax receint from local
business wmanufacturing estanlishment and producers. 4 tangikle
henefit is estimated to result from increased customs revenues,
Presently substantial ducies are lzvied on 2ll imnorted goods,
nich in accordance with officials of the Coordinacion Desartment
of the 4CA linistry of Planning zveraze approrimately ?5 to 3(%
cf che purchase value of the imrorts., Duties collacted on éxzorts
average approvimately 2.5% of the initial sales value,

3ased o2 ztove values for duties on iaports anc exports it is
estieaced that custows reveaues in the province of Ierxat, which in
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1941/62 registered a total import value of 139%,000.000 Afs and

a total export value of 9&.000.C00 Afs, amounted to approxrimately
38,000,000 Afs (5775.500) on imports and 2,450.000 Afs $350.000)

on exvorts, As the proposed highway will c¢reate more favorable
conditions of access to foreign markets it is believed that the
;rovincés Loreign trade sctivities will substantially increase,
Zstimates of the rate of rise of foreign trade for the province

can not be based on observation of past trends related to the
rrovinces activities, as statistical deta thereon is not available,
for the nurpose of an gstimate of projected foreign trade activities
of tne province it is therefore assumed that a parallel may be

made between the national and the provinces past Zoreign trade
activities. Statistics on national foreign trade indicate that
imports have risen from a value of 646 million Afs in 1951/52 to

a value of 3,045 million Afs in 1961/62 =and exports have increased
from a value of 731 million Afs in 1951/52 to 1,354 million Afs

in 1961/62. This represents a yearly average rise of 239 million
Afs in import and 62.3 million Afs in export value. Applying these
values to the 12¢1/62 foreign trade figures of the province the
rrovinces faport rise would corresmond to approximeztely 10.9 million
Afs and the export rise to 4.5 million afs per year. A y2orly increase
of 10.9 million 4fs in import value (8% of gresent value) would,

if continuous over a 2C year life period of the project road, result
in a yearly average value of approximately 248 million Afs for
imports and 2 4.5 million Afs yearly increase on exsort value

would result in a yearly average vslue of approximsately 143 million
4fs for exports for the province.

In turn customs revenues would increase from 2 1961762 of
agproxinacely 38 million 4fs for impnorts to an average of 68
million afs 2nd revenues on exsorts from a 1961/62 value of 2,45
million 4fs would increase to an average of 3.5 million Afs per
year. It is recognized tlat customs reavenuss ccliected in the
vrovince of Eerat are also derived from trade activities with the
vrovinces northern neighbor and that therefore only 2 nortion of
che additional revenues anticipated may be considered as a benefit
connecited with the incentives created by the nronosed project.

Information obrained from rezresentstives of the Ministry of
rlanning indicates that the foreign trade activities with the west
and through the project area is estimated to amount at present to
slightly more than half of the total nrovinces foreign trade.

It was further estimated that with the proposed improved access to
western markets che proportional share of the provinces foreign
crade therewith will substantially increase, esnecially so,

if current negotiations with Iran concerning procurement of POL
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products from that Source vrill result in obtaining a better
quality wroducts at a lesser cost as that presently obtained
b7 the R3A Monownoly.

Jumaarizing the above it is anticipated that the rroposed
road will effectiwvely contribute towards the provinces increased
foreign trade activity with the west wvhich in turn will generate
additional customs revenues estinated to amount to at lezst one
alf of the total estimated additional revenues 6f 21 unillion Afs
or ap-roxinately 15,5 million &fs (S316.000) ancuelly,

b, Reduction in Transnortation Costs: Economies in
transcortation costs resulting from construction of an iuproved
road betwean Herat and Iranian berder will come principally
from greacer wehicle utilization zenerated by hicher road speeds
and reauced vehicle overation and maintenance costs as the result
of improved road conditions. Gargo trucks now require at lecst
four hours to traverse the 130 kilometers from Eerat to Islam Qala

when floods or adverse weather do not interrupt the flow of traffic.

Aa improved all.weather road suould permit average specds of 65 km
1er hour and eliminate lengthy delesys cue to impassible road

conditions. The resort on Economics of Eighway tngineering by the
Inl=and Transport Committee of ZUAFE contains cost data on vehicle

overation which shows that the cost per mile om good grade ravenents

is approximately ome half of that om low crade roads., ZRecent rate
quotations for cransroxting freight from ¥ashed, Iran te Herat,
afghenistan averzge aporoximately $0.05 n2r metric ton per kllo-
meter, Applying a2 conservative 40% reduction to the present
freicht rate, a saving of $0.02 rer metric ton per kilometer is
btained for cargoes moved over the improved road.
Lssusing that the cargo traffic volume, which is currently

estimated to consist of 5G.000 tons of imports and 2C,0300 tons
of exeort, will increase at "Lhrox1mate1y the same rate of yearly
increase as the afghan natiomal foreign trade volume increased
auring the-rpast 17 years (from a value of 1.377 aillion 4fs in
1051/52 to a value'of 438C nillion Afs in 1061/62) the average
yearly crace toanage moving over the project voad during a 20
year: pexiol would-be approximately 223,000 tons anc the corr
snonding ton km value Woild be 223:00C tons x 124 km = 27, 652 000
ton km., In additien it is cstimated that inland cargo trﬂffic -

—

will add théreto at least one fourth of the volume of the cstimated

tommage of The yearly crop sroduction of 783,C{C toms (see par 3c
zbove}, assuming that this cergo will be tramsnortad an average
Gistance of apmroxinctely 62 km (half the distaance detween Eerat
‘and Islem Qalu) the additional ton km quzntity wiould be aporori-
mately 4,340,000 ton lm, , At a saving of approximately $2.02 per
ton km the savings in trinsnortation cost would zmount to approxi-
matcly V63 GO0 ver vear, ’

- 1
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c. Increased Income to Area Served: Spoilage and damage
to nerishable wnroduce transcorted to narket over substandard roads
and loss in quality suffered by livestock driven to market would be
drastically reduced and uvon reaching market would command higher
prices. 32voadening the market for all commocdities produced in the
area would enable the preducer to dispose of his products in the most
Favorable market. Increased income from prodicts now nroduced will
follow and more degendable access to a broadened market will stinulate
inereased production in the area.,

d. lower Costs of Qther 2lammed Development “rojects Thich
will be Served by This Zroject: A number of projects are planned for
the Herat area under the S2cond Five ¥Year "lan. ~rojects planned
include the coasitruction of graim silos, 0L storage depots, several
slaughterhouses, several irrigation projects including a dam across
the Hari River, electricity ané water supply systems for the City of
Herat and installation of an automatic telsphone exchonge in Herat,
When completed most of these projects will require the transportation
of commodlities to and from the processing plant 2nd/or storage
facility. Savings in the purchase of equipment and construction
materials for the project may be effected through importation over
improved highways via Iramn,

e. Gains by Crpening Mew Land for Settlement by Zutside
Topulation, Tiesently Unemcloyed or Undercmployed: All cultivable
land in the area is being utilized at the present time. Opening
new land for cultivation will depend on developing additional
irrigation systems., Zegulation of the river flow from the provosed
dam across the Hari Jiver will insure a more depemndable water supply
For irrigation vurposes,

f, DIirect 3emnefits to Local Topulation through Local Expen-
diture of the Froject Funds Themselves for Labor, liaterials, Food,
Rent, etc.: Herat Zrovince would rcceive considerable benefits
theough local erxvenditure of project funds during the life of the
construction contract. All unskilled znd some semi-gkilled laborers
would be hired locally by the contractor and would receive direct
benefits in the form of wages, 1Im addition to the direct payroll
benefits, other types of expencditures such as lozal food purchases
and housing rentals would be made, There are some houses available
for rent in'Herat which presently are not of acceptable standards
and would require some utility improvements. Fresh fruits, vege-
tables and meats (mutton and beef) are available locally. Experience
has shown that construction activity in a community neerly always
scimulates the local economy. In addition to actual economic
benefits, training of local people in the various creofts required
for constructing the voad will zlso be beneficial.

14
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SECTION III: ENMGINEERING ASTECTS AND TECENICAL SOUNDPESS

l, Present and Future Traffic Senerating Activites,

a, Size, Distribution and Zconomic Cenerating Activities:
The area to be immediately served by the promosed improved road is
located in the portion of the Hari Ziver Valley west of Herat in
Porthwestern Afghanistan. However, the greatest ecoromic benefit
to be derived from the project will accrue to the country as a whole
by oroviding a comnecting highway link with Iran, A large portion
of the Afghanistan population is nouadic and livestock raising is
tneir principal occupation. The more settled people engaged in
agricultural or stockraising pursuits live in numerous overcrowded
villages located in the proximity of their farms or pasture lands.
There are relatively few lerge cities in the country. The alrger
city dwellers are engaged prircipally in trading, handicrafts and
limited industrial work.

b, MNzature and tomnage of cargo imported into, exrorted
from, and passing through the area: Imports into area in 19€1/1962
cosisted of following by major commodities:

POL o & = o o o o « ¢ » s » o« o s o » 23,000 Tons
Cement o &+ s o o o o o o s » o o o o« 20,000 Tons
Aviation Fuel . . . . . « « + ¢ &+ » o 10,000 Tons
Textile Fabrics . ¢ « ¢ o « » » = o » 2,000 Tons
Miscellaneous Machinery, Tires, etc.. 10,000 Tons

Exports from the area in 1961/62 consisted of tle following by major
commoditys

Fruit and Vegetables « ¢« o « = « » - 7,000 Tons
Hides-Fur . o o « = « o 2 o s o & = 1,000 Tons
Textile Fibers , o « o » o o s o o » 12,000 Tons

In addition there is a substential export activity in progress in
the flow of cattle, sheep, and goats that are driven to markets in
eastern Iran overlend and by-passing local customs control on both
sides 2f the border.

The proposed nroject road, it is believed, will also
make it more profitable for the producer to truck-haul cattle and
sheep from the eastern areas of the province bringing it to market
in Tran in the shortest time and at maximum weight which largerly will
compensate for the customs and transportation cost.

A substantial increase in 2CL products may also be anti-
cinated in accordance with officials of the 2CA kinistries of Commerce
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and Flanning who have expressed their belief that, if it were not
for the present difficulties commected with transport, the principal
source of FOL rvoducts would be Iran as pnrodvcts from that country
are of higher quality than those presently obtained by che RGA POL
l.onopoly. Furiher it is believed,that with an imnroved hichway link
to Iran,FCL products therefrom could be marketed at lower cost in
the western provinces, than products présently im-orted over the
northern road. )

c. Schools: Some of the small villages between EZerat and
Islam £ala have no schools and no schools are available to the
children of the nomadic tribes. . nav road would serve as a means
of tremsporting childrem from outlying areas to schools in Zerat,

é, New Types and Amount of Traffic Zxmected to Tevelop
as a Zasult of Frojact: The economy of Northwest afghanistan is
now in the early stages of development and is exwected to excand
rapidly as projects provided for in tle Second Five Year Flan
are completed., Agriculture, which is presently the principal
economic activity of the area, is at a subsistence level, Lowever,
with improved tramsportation znd zccess to a broader market,
agricultural production including livestock raising should increase,
Zecent trade talks have been held between officizls of the Iranian
and Afghanisten Govermments in which a plan for exchanzing sfghanistan
sheen for Iranian POL products was discussed, The success of such
a plen will devend largerly on an adecuate hizhway conmecting the
highway networks of both countries, The highway from the Iranian
border to iieshed,,lrzn a distance of arrroximztely 240 kilometers,
is also badly in need of immrovement, It is uncderstood that nlams
for improvement of this road are under comsideration by the Iranian
Goverrment with completion scheduleg for 1967,

€. “rojections of ®resent Traffic wichout and with the

Prcoosed “roject: It is believed that the traffic on this road
without the proposed project would not increase ct a rate comparable
to the estimated trend of afghan foreign trade activities, but
tiiat the existing rozds extremely poor condition will contirue to
wercise its limiting effect on all attemnts to improve trade
ectivities in and through the area. It is significant that the
Levant Zxpress .igent in Meshed who estinated that the 1962 trade
tonnege over the road would be approximately 7CG,G00 tons, further
indicated his belief trade tomnage in the coning year would amount
to only 25,000 tons for imports and $ to 1C,000 tons for cxrpoxts,
Although this low estimcte is not considered realistic by 2GA
officials nor is it substantiated in the light of the foreign
trade progress of the past 10 years, it is considered siznificant
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and indicative of the beliefs shared by all interested officials
and traders, that the difficulties addtending expeditious and
econcmical movement of cargo through the project area continue
to restrict the. areas trade activities and preduction potentials,

Vith an improved road facilitating transport of goods
on a year-round basis, with the risks of loss and damage to
goods in transit essentially removed and with the feasibility
of orderly scheduling given by the existence of an all-weather
highway, it is believed that in view of the provinces more
favorable locations in regards to foreign markzts the areas import
and export traffic will increase substantially to a level at
least equal to, and possibly exceeding, nationwide import and
export traffic averages, At present the provinces participation
in the nations import and export activities is popilation-percent-
wise below the natlonal level in that in 1961/62 the proviness
imports amounted to only 5% of the national imports and exports
amounted to 7.5% of the .national export values whereas the provinces
population amounts to approximately 8% of the countries total
population,

It is further interesting to note that the import-export ratio
for the province in 1961/62 was 1,3 whereas the nationwide ratio
was a less favorable 2.24.

In addition to the foreign trade tonnage increases the project
road will certainly also generate an increased inland trade hauling
activity between the viecinal areas of production and the markets
in adjacent twons and villages, The amount of potential increase
cannot be readily determined for ack of record data.
however, considering the tonnages of the estimated annual production
in the provinces which amounts to approximately 283,000 tons for
wheat, rice and corn (See Section ITI para 6c) it is believed that
at least 25% of this tonnage is presently moved to inland markets
over the existing roads and that at least that much will be in the
future be transported over the proposed road,

In conclusion it is estimated that projected tonnage over the
proposed raodway may reach the following yearly average:

Current foreign trade tonnage . « « .« =~ 70,000
Current inland trade tonnage . . . . . .70,000
Average additional trade tonnage ., . . . 140,000
Estimated average tonnage with, v§ s 3,ara ’net . .
proposed project. . . . .+ . . , . . 280,000

2, Traffic Capacities

+ The present road cannot be classed other tham a fair weatBer
road, As such, no attempt is made to assign a theoretical capacity
to the road, A traffic count taken during the preliminary survey
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showed that the traffic was predominately trucks and ranged from

0 to 47 vehicles during the daylight hours. No count was
necessary during the hours of darkness as the road is not usually
travelled at night. The Traffic count was made by the survey team
compared favorably with traffic figures furnished by the customs
office at Islam Qala. Excessive overloading of cargo trucks,

as much as 300% in some cases, was noted. Some overlozding of
cargo trucks is to be expected in areas where there are either

no laws restricting wheel loads or such.,laws are not enforced;
however, the probable reason for the excessive overleding in

this case is the long travel time énvolved, Restricting cargo
loads to a maximum allowable axel load consistent with good high-
way uvsageée would result in an immediate increase in truck traffic
density. With an anticipated yearly average of 280,000 tons and

a maximum anticipated traffic of approximstely 400,000 tons over
the project road it is estimated based on an average loading of

10 tons to 12 tons per vehicle and approximately 300 days of
hauling per year the average traffic density would amount to
approximately 80 to 90 trucks per day to which should be added
approximately 6 busses and approximately 15 to 20 private passenger
vehicles, Total projected average traffic density is not believed
to exceed 110 vehicles per day.

3. Design Criteria

) a. General: Criteria for the geometric and structural
design of a proposed improvements was selected from "Geometric
Design Standards for Highways other than Freeways", published by
the American Association of State Highway Officials as amended by
USAID/Mashington Circular Airgrams NA-5 and MA-25 and U.S. Army
Corps of Engineers 3Ingineering Manuals 1118-345-290 and 1110-345-~
291, Good design practicesdfctstes that thé& design of small traffic
volume roads should be based on a projected 10 to 25 year period. .

A theoretieal average daily traffic-colume off 300 vehieles, was
adopted for design. A Class R road is the minimum standard twolane
highway and covers an average daily traffic volume between 20 to

1000 vehicles depending on terrain and traffic conditioms, | A Category
IV composition of traffic consists of the following:

. Per Cent
Passenger cars, panel or pick~up trucks 15
Two-axel trucks : 75
Three~four-and five-axel trucks 10 .

The traffic composition selected meets USAID requirements for -
loading as set forth in Airgram NA-5, Highway-Design Loading,
Road surface iz gravel in conformance with Airgram NA-25, Sub
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fichway Design Policy, which specifies tiat the road surfacing
shall be select material, gravel or crushed stone traffic bound
tyse when the current average daily traffic is under 100 wvehicles,
The following specific criteria were used;

Maxinun speed ' %0 Km F.H.
Zoad Jidth " 5,52 meters
Zoad Shoulder Width . 1.2 neters
Maximum Zassing Uisht Distance 564 meters
Marimum Curvature 5
¥aximum Vertical Curxve (Grade) 7%
fverage Daily Traffic 300 vehicles
Design Index* 4
California searing Ration (CBR) Texcent
Subgrade, in-situ ] 3
3ubgrade, conpacted to $G% CZ-55 max, dansity 6
Sub base, select, compacted to $5% CE-~55 max.dens 10
2ub base, compacted to 100% CE-55 médx, density 25
Base, compacted to l00% CE-55 max, density 80

#The desizn index is obtained from the relatiomnship of Class
road tc category.

v, Flexible Pavement Design: 3ased on the zbove criteria,
the following pavement thickness, as shown on Tlate ¥o. 3, was
obtzined:

Base course thickness 13 em, {5 in.)
Subbase course thickness 15 ca, (6 in.)

¢, Rigid Pavement LDesign: Concrete dip sections. totalling
nearly four kilometers in lenght, are provided for passing shallow
(sheet flow) drainage water over the highway in areas where it is
impracticel to collect the flow in ditches and pass the water under
the highway in culverts. Fon-reinforced Portland Csment Concrete
pavements for this purwose were designed im accordance with pro-
cedures set forth in U.S., Army Engineer Manual 111C0-345-292,
%2igid Pavements for Roads, Streets, Walks and Open Storage arcas',
dated 30 June 1961, using an estimated subgrade reaction (k-value)
of 225 pounds per cubic inch and 2 flexural strength for concrete
equal to €00 pounds per square inch at 28 days. The resulting
thickness of concrete pavement is 18 cm (7 in.)., A typical concrete
din section is shown on “late ¥Mo. 4.

d. 3ridges: There is an existing, narrow, multi-span
bridge estimated to be approximately 200 years old spanning the
fari Xiver in the vicinity of the new proposed river crossing.

The bridge is supported by grouted rubble stone piers spaced
approvimately 12 meters apart, The condition and aligment of
che bridge is such that it cannot be used in the nroposed improve-



ment plan. The bridges for this project have been designed for
a width of 6.7 meters and for H 20~16-44 loading in accordance
with Stancard Specifications for Highway 3ridges nublished by the
Ametrican Association of State Highway 7fficials (1961 Edition).
Structural steecl design was selected for the bridge crossing the
Harl River bzsed on overall economy and comsists of a structural
steel frame on steel piles with a reinforced Tortland Cement
Concrete deck slab, 7This type of design allows construction to
be performed in a minimum amount of time using only one crane.
The short sgan bridges &across washes will be reinforced Tortland
Cement Concrete poured in place on concrete pier foundations.
This design was chosen as beinz the most economical because no
large construction equipment would be reguired. Typical bridge
sections are shown on Tlate Fo. 5.

&, Burveys and Engineering Data

]

a. Description of Zrtent of “reliminary ftudies and Surveys
used to Arrive at Trozosed locations: A reconnaissance of the exist-
ing north and south roads, between kerat znd Islam Qala, was made
during the period 2 through 6 .nril 19863 by nersomnel of the Royal
Govermment of afghaniscan, USAID/Afghanistan and U.S. Army Znginears
for the purpose of selecting the most feasible route for the engi-
neering survey. A& route generally following that of the existing
northern most road was selected for the following reasonss

(1) The cxisting northern route is 7 kilometers
shorter than the existing southern route.

(2} Aligmment of aam improved route following the south-
eramost route is more restrictive because of irrigation nrojects and
drainage facilities that would be required are more numerous and
costlier than those required on the northern route,

(3) sbundance of good aggregate sources within rela-
tively short haul distances compared to the haul distances which
would be necessary on the southern route,

(4} Soil conditions alonz the selected route are
generzlly more favorable., Thotograghs 1 though 9 show the
condition of the existing road along the rroposed route at the
time of the xeconnaissance,

b. Freliainary Aligmment and Plan-"rofile with Zstablished

Grades: Field surveys consisted of running an open traverse by the,
cransit-scadia method and establishing elevetions by differential
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leveling checked by trigonometric leveling. The strip. of territory
coverad by the survey hzs a width of 60 meters where the final
alizrment of the road was not in question and has a width up to

400 meters where it is evident that some realignment would be
required. Sufficient topography was obtained vo provide for

d¢esign of drainage facilities. Survey data are presented grash-
ically on Fizures 1 through 29 which show the proposed road
aligmment, location of bridges and drainage structures end finished
grade of the road. The finishad srade was established at an
elevation sufficiently high to provide an adeguate freeboard

above nomeal flood stazes in the valley and conforms ve criteria
for maximum grade and sight distances set forth in waragraph

3e, zbove,

c. 2Rainfall and Zunoff Dara and Calculation for Stream
Flow Bstimates: There are presently no drainage structures along
the existing road aligrment, Matural drainaze ways such as streams,
ditches and washes cross the existing road 2t random locetions.
The following rainfall data for Herat collected during an eight-
year observation period was obtained from the kydrologic Service
Division, U,S5, Zecartment of Gommerce,

—

averaze rraciritation in mm.

January csscse-a. 6l July ceovees 0
February s.oeeesa 33 AUZUSE ceoee O
tiarch ...c000000 38 September .., O
E1l Loececacss 8 Cctober .,... O
May soocecaoccas 5 Movember .... 8
JUNE ,c0c0oecacoe 0 Eecember .,..233

Average annual: 186 mm (7.3 in.)

For computation purroses, 2 wmarimum rainfell intensity of 2,534 cm
{1 in,} for a one-hour storm based on a l0-year frequency was used,
(To be verified Curing final design stage.} Based on findings

of the recomnaissznce ané creliminary comrutations of runoff
quantities, it was detemmined that zprroximately 135 ten-meter
long »ize culverts (one meter in dizmeter) and &4 ten-meter long
box culverts (1 x 3 meters) would be required on the project to
osrovide proser cdraimage for road nrotection and uninterrupted
irrigstion. For simplicity in construction, the pipe sizes are
stancardized throughout the project for 1 meter diameter culvert
pipe. Rip-rapped side slopes of rozd embankgents and drainage
ditches will be rrovided to prevent erosion during ceriods of

high water velocities., Zip-rapped diversion dikes and interceptor
ditches will be used to control concentrated run-off to culverts .
where wide flat sheet flow conditioms prevail., However, reinforced
Zortland Uement Uoncrete din-sections will be used where f£lood
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control structures prove to be uneconomical. Typical sections of
the proposed drainage structures are shown on Flate Yo. 4.

d. Soils and Materials:
(1) Geolozy: The proposed road alignment runs roughly

parallel to and several kilometers south of a range of low mountains
and hills for a distance of approximately 56 kilometers westward from

Herat. The mountains in the vicinity of Kerat are composed essentially

of hard conglomeérates. Further to the West, the mountains are lower
in elevation and are composed of softer rocks such as silt stones and
shales, Surface soils found along this reach of road consist mostly
of silty sands and gravels with some areas of silt, 1In the reach of
road between apnroximately kilometer 56 and the vicinity of the Hari
River bridge (km 96), the proposed road winds through low hills
composed of conglomerates, sandstones, silt stones and shales. Ifuch
of the material is weathered and relatively soft but some of the
strata are hard and will require blasting during gradiag operations.
Between the Bari River bridge and Islam Qale (approximately 21
kilometers) the proposed road runs roughly parallel to and several
kilometers north of a range of hills, The surface soils found
zlong the aliznment between the Hari Eiver bridge and the vicinity
of Islam Gala consist essentially of silty sands while surface
soils found between Izlam Qala (kilomster 115) and the Iraaian
boréder to the West (kilometer 123.3) are mostly silty clay, The
depth of the water table elevation below natural ground surface
exceeds 5 meters along the entire road location except in the
vicinity of the Hari ziver, .
(2) Soils: Test ~its were excavated at approximately
800 meter intervals z2long the proposed road aligmment. The pits
were ganerally excovated to a depth of 1 meter except at small
bridge or large culvert locations where they were excovated 2
to 3 meters in depth. The location of the test pits are shown on
Figures Fo., 2 through 29 and grephic logs of soils encountered are
shown on Figures No. 30 and 31, It will be noted that bed rock
was cncountered in only one test pit., Roesults of classification
tests, including itterberg Limits and sieve analyses, performed
on typical soil samples are tabulated in Table I, A limited number
of field density tests were performed in the test pits in order
to determine the natural in-place density of tvpical soils and
the wesults of these tests are shown in Table II., Table ILL shows
the results of laboracory tests performed on 5 composite soil
samples sent to the U.$. Army Zngineer Division Laboratory at
Athens, Gresece., WNo deep borings were made at the proposed bridge
location over the Hari River at this time, However, such investi-
gation will be required during preliminary design stage.
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(3) .sggregates: =Zxplorations for aggregate for subbase
and base course materials and for Portland Cement Concrete were
confined to gravel deposits in the immediate vicinity of the road
since there appeared to be sufficient materizl in these deposits
for the work contemplated. Samples were taken from three locations
along the road and sent to the U.S8. fxmy Enginecr Division Laboratory
for performance of suitability tests ineluding gradation, itterberg
Limits, specific gravity, soundness, stripping, alkali reactivity,
petrographic exemination and Los iAngeles abrasion tests., XZHesults
of these tests a2re shown in Taebles IV and V. Gradation tests were
performed in the field laboratory on samples obtained from two
locations considered suitable only as source of subbase material.
Pertinent data on these aggregates are shown in Table IV.

5. Constructicn Stondards

It is proposed that construction work on this project
will be performed in accprdance with U.8. Srmy Engineer Guide Speci-
fications covering the type construction planned,

6. Availability of Local Resources and Equipment

a, Tersonnel: Semi-skilled and unskilled labor are
locally available in sufficient numbers for prosecution of the
project, Skilled labor, technicians and supervisory personnel must
be recruited outside the country.

b. Construction Moterials: Only water and aggregate
including base and subbase materials are avazilable in the project
area. All other required construction matericis including POL
products must be imported to Afghanistan,

¢, Housing, Food and Renair Shops: Some housing is
available in Herat which will require minor renovations, Con-~
struction comps will be necessary at other points along the road
location., Some foods, including fresh vegetables and fruits and
some meats, are avoailable on the local economy. However, it will
be necessary for the contractor to supplement these supplies and
to maintain 2 commissary facility wvhich carries all items not
locally obtainable such as, but not limited to, tobacco, toilet
articles, canned and frozen foods and household zppliances. Shops
for equipment repair and maintenance should be provided at the
construction camps. Suitable camp sites are available throughout
the project.

d. Construction Zguipment: 1l highway construction
equipment presently in .Afghanistan is being utilized on other
projects. It is assumed therefore that it will be necessary to
import substantially all such equipment required for this project.
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e, Local Subcontractors: Use of local subcontractors on
any phase of the proposed work is mnot cousidered feasible.

7. Special Construction Problems Foreseen

a. Climatic Conditions: Climatic conditions are not
considered sufficiently severe to seriously disrupt construction
schedules. A4An average annual total rainfall of 186mm (7.3 inches)
is experienced during the winter months. Approximately 25 percent
of the road location is subject to inundation as the results of
flash floods of short duration (aporoximately 1 week including
inundation, draining and drying to workable conditions). Daylight
hours are approximately the same as are experienced in the southern
United States,

b, Construction Detours: Construction and maintenance
of detours for the low demsity local traffic will not be difficult
during the greater portion of the year and wiil comnsist of grading
roadways adjacent to the proposed roadway in reaches under comn-
struction., Construction of more adequate detours or maintenance
of auxiliary towing equipment in construction areas will be required
during the rainy season.

¢, Lead-time for Mobilization of Equipment and ifaterials:
it is estimated that a lead-time of 5 to 6 months will be required
to mobilize equipment and materials from points in the United States.

d, Ewvaluation of Possible Major Causes of Delay: No major
causes of construction delays are foreseen. The proposed road for-
the most part is located on relatively flat land not subject to
slides and no major earthquakes have been recorded., Afghanistan
has a stzble govermment and no political disturbances or labor
troubles are expected,

8. Flan for Zxecution of Projects:

a, BSequence of Construction Operations: The sequence and
schedule for performing construction operations are shown on Plate
_'.‘.1[0. 6-

b. Grading Operations: ZEmbankment material is available
from side borrow for most of .the road, Coarse aggregate and select
material for subbase is availsble in sufficient quantities in
selected pits along the route., Portable crushing egquipment will be
required to produce base course material from xoadside pits. No
long haul distences or construction of haul roads are involved in
obtaining suitable construction materials.
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¢, Comnstruction iethod: The proposed improvement will be
more expeditiously and economically werformed by the use of con-
ventional heavy raod building equipment.

d. Method of GContracting for Engineering, Construction and
Construction Supervision: Contract document preperation and con-
struction supervision will be accomplished by U.2. Govermment forces
which will also enter into engineering service comntxact to perform
certain additional soils investigation work (deep boring). Con-
struction contract will be awarded based on lowest qualified bidder
regsponse to advertigement restricted to U.8. contractors.

9, Maintenance Organization

Maintenance of the existing roads north and south of the
Hari River between Herat and Islam Qala is performed under the
direction and supervision of the provincial Director of Fublic
Works department located in Herat, TUnder this general supervision,
a fluctuating number of soldiers perform the required maintenance
work on an emergency basis. This force, that may vary in number
beiween 20 and 150 as seasonal demand may require, performs all
maintenance tasks essentially unsupportad by cquipment as the
equipment assigned to the Fublic Works orzanization is "largely
deadlined due to lack of repair, parts and due to its old age.
Equipment ag available consists of one Water Truck, one llotor
Grader and one Dump Truck. It is therefore concluded that at this
time there exists no maintenance organization a2s such capable
to perform the required maintenance of an all-weather road and
that the need exists to completely oxrganize and equip such a force.
It is therefore proposed that the Director of Public Works in
Herat establish an organization composed of civil employees and
laborers and that in support of this organization the necessary
maintenance equipment be obtained,

The organization would function under the direction of one
civil engineer responsible to the Director of Public Works. The
civil enginver would be supported by one assistant and by two
field superwisors, the latter of which would each manage and direct
a2 force of approximately 1C laborers. Under the civil engineer's
supervision, the employ of and the maintenance of the equipment
should be entzusted to en equipment specialist who, in turn,
would supcrvise approximately 6 equipment operators-mechanics and
aprroximzately 5 laborers.

Equipment estimated to nexform effective maintenance of the
troject road is listed in Section IV, paragraph 2, Fersomnel with
tcequate treining and experience for recruitment of the organization's
requirement, it is believed,will become available with the phase-
out of manpower requirement at the end of construction.
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SECTION IV: FINANCTAL ASFECTS

l. Egtimated Capital Cost

a. Land and righf-of—way: In accordance with PIOT,
all land required will be provided by the Royal Govérnment of
Afghanistan, ’

b. Engineering Cost:

(1) Preliminary Engineering: No additional cost
is anticipated for preliminary engineering which is considered
completed with the finalization of this report,

(2) Additional sirveys & test borings § 50,036
Ei Preparation of contract documents -~ 210,000
4) Supervision & Inspection 540,000

Total Engineering Cost $ - 800,036
cs Construction Cost: Total Constr Cost 56,751,664,

The above cost is reflected in the detailed estimate evaluaticns
on the following pages and is summarized hereunder:

Local Currency

US Dollar Requirement in
Reguirement Dollar Eguiv,
Direct Contract Cost $ 2,643,871 212,399
Equipment Ownership Cost 992,583
EBquipment Shipping Cost 121,164
US Non~productive payroll 602,861 66,973
Local Non-productive 58,644
Constr, Camp and plant 235,100 10,750
Misc. General Expenses 416,250 50,850
Home Office Overhead 163,242
Contingency 520,465 40,000
Contractor's Profit 616,512
Total Contract Cost $ 6,312,048 $ 439,616

Total Cost Construction 6,751,664

Total Cost Engineering 800,036
Total Initial Cost $ 7,551,700
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DIACT CUST L5TLAATE

Then, T A Uil Feios [Ult Pile | Uait Polos Unit Price | Total B ugigﬁige e oal T°;“°;“h§;
. quipment | Toeal lsbr | U5 labor  Unib Price” |local lobr 1Y10 US labr |05 % porbionl poouipement |requiveseat
1 Unclus Excavation chm  |696,000 - A RN | 15 .80 +04 o2 T4 41,760 515,040
2 Overhoul {cim W [205,000 - .05 .02 .0L .08 02 - 06 45100 12,360
3 Subbase Course chm 139,000 - 3.7 W22 ‘1.20 5,13 L e Jz 4T 47,260 465,410
4 Dase Course chm | 86,000 - 4038 o34 1.9 611 - o o 5,63 41,260 48,5180
5 PGC Pavement ohm 49725 16.18 2.58 26 . 2,00 21,02 .26 220 20.56 2,173 97,146
& concifé\%e outoffl vell |chm | 4,550 ’16,86 2034 +26 2,00 15.46 226 .20 15.00 2,093 68,250 1. -
7 Bxpansion joinf:s linm 10,060 60 | il o0 12 Ny 0 01 ' R 500 7,200
a' Contraction joints [iin.m 5,670 o5 203 .10 16 72, .10 02 W62 680 3,515
9 diprap for dip sect. | 13,100 .84 4,453 1.3 - 6.7 1.31 . 537 17,551 70,347
10 Grout. Hepdpl. BR | sm | 12,000 .8 .58 1.60 55 2.36 1.05 .05 126 | 12,100 13,860
11 Gon.gteel euivgrtssgu Yinm | 2,200 20.21 Led9 2,00 1.60 25030 2,00 16 23.14 4,752 50,908
12 1,0. Box culverts ¢hm 521 39.15 3.85 90 11.50 55040 .90 1.15 53.35 1,068 21,795
13 Pard River Bridgs | 13 s 367,907.00 |65,636.00 22,818.00 | 45,636.00 |501,997.00 | 22,818.00 | 4,563.00 |474,616:00 27,381 54,616
14 Bridgs at 1034000 18 I8 25,706.00 | 3,360,00 1,680.00 | 9,360,00 | 33,508,00 | .1,680.00 336,00 | 31,592.00 2,016 31,592
15 Bridge ot 106+750 18 s 25,206,00 | 3,360.00 1,680.00 f 3,360.00 | 33,608.00 1,680.00 336,00 | 31;592,00 2,010 31,592
16 Bridge at 108+250 IS Is 90,831,00 | 9,444.00 £,722,00 i olididys00 | 94,442.00 4,722.00 944.60 89,720.00 5,666 39,720
j TOTAL DIZRCE| COST 212,399 | 2,643,871
; . 2,856,270
ROTE: All ma—':.eriais axogpt Cement snd POL prodecus age of U3 origin, Hatio Local Cprrency
Cement and POL frim Iran. (Estimited tobal cogt for Iraniar, Cemert, & P(}_' produchs $400,000} bo US § portipn = B.03%
| i
! batio Losel Jurrency
' ’___ to US § botal = 7.43%
E
T
3
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] DHDIRECT COST ESTIMATE f
!

1 EQUIPENT ' CYIERARIE C0ST 4

t %@gtsi- Total (Ummerehin Yours tiled |Total % Totel oemore] Eetris Yotal Cagt BT Tabul Tobal Toud

i . Uost | Aquieition |cost pfyesr | up ind, chazgad, ship cost torisfunit Matrik Shipping Shipming ta job incilf

Desoription Quant. |pAmit | Gosh in'%ef A_gzv.i:__*ir__aznﬁs&?‘ga{?____fgg_gal{ %o Jeb Tong per M Coes shipping
A ractor, D5 w/lozer 1| 40,000 40,000 (:E? 2.0 - 36,600 2357 2347 180 | 4,866 | 4,060
I Trector, B6 w/Mouer i 55,000 23,000 Jx 7.0 92 71,160 15.0 T5.0 a1 TR, o0 30T
Motor Scraper 12 oy & 55,000 210,000 46 CZ0 92 193,200 21,0 126.0 180 20,680 215,880
4 Notor Grader 3 =% YN T3, 250 34 - TTEu &8 AT, T 14.8 ZH. & 18D 6,912 B, T0% &
N 2sy loader i 45,300 45,800 46 2.0 92 12,1% 10.5 10.5 120 1,850 44,026 |
| T G T z PN 58,274 THS 1.8 33 A8, 56T 4.5 29.0 180 5,220 53507 ¥
Trush 12 ey 3 45,028 135,084 i3 1.8 8 105, 365 20,0 60,0 180 10,800 116,165 L
Gy T i R 7 T BRI 160,207 T4y T L6 1 T8 = IZA,63 5.5 %6,0 180 1L, 860 I35,855 )
%] rach Conerete Bald 3 | §,700 20,100 46 1.5 &9 13,869 4.1 12,3 180 2,214 36,08; a
LI T¥acR PIoEnp 5747 0 2,550 25,000 E3 T Ry YA 15,000 - 3.5 30,0 180 TR, A0h TTALEGD |,
2| Pruoh Tater w/Pemp 2 14,935 29,870 24 1.8 61 - 16,2230 60,0 12,0 180 2,160 20,580 |
£ Prach Waied YWanw 20000 = Ts 10 15,400 3 1.8 777l D, 394 B0.0 0.0 180 1,800 11,304 1
‘1| Btation Wegon 5. 30| 15,000 43 1,5 | B4 9,600 2.5 12,5 180 2,250 11,865
3 Aot e 5 2= 7155378 30,752 34 LY TBL 15,685 1.4 22.8 7180 4,104 19,787 |
f Roiler Fibretory .3 12,375 375175 54 1.5 7L 18,959 Fa2 %5 - 180 1,726 20,687
+ {7 Boller WadEly Wheol T 7 27 T4GEB0T T TG 560 7 e . i - 1 &R TIAS -EAY 180 55280 5,595 |
’:' Grame Truch 357 1 1 679?37 &7,737 34 1 1.8 S8l | 39 41.5 41.5 160 7,470 £3,780
{YTPilE EesdEY wihesds ™ T TL [ TUZ000T T I0Z0007 T ST T L5 JBL T 6,400 3,5 3.5 160, 850 7,036

% Urusher #k Fortable 2 48,567 973134 46 1.8 82 79,649 22.5 450 1an 5,100 87,748 &
# [ e xa v (Pt 1 R I ByATE T, 950 k) 1.5 N —E9 .. 8,056 .2 [ 180 | 1,152 10,008

i| Vibrabare Concrete 10 B 280 - 1,500 | 46 1 1.0 B “690 0ol 06 180 108 798 R
z.g Compresgor A3F 900 OF |7 7L 2553507 22,250 4% - 1.8 T . 17,132 4.2 4,2 180 756 1,0 |
F1} Compwessor As» 125 OF | 1 22893 _5;%’_3____@_,, 1.8 11 44531 1.6 1.6 150 288 At F
{- Pomy Water Centr 47 2 1,433 2,866 46 i.5 €9 822 0o4 0.8 180 144 GE
jui| Truch Fuez 1 w/Pomp L 134,906G] - 14,900 34 2,9 5B W,132 £a0 6,0 180 1,080 AL ICIT o
;';-' [ Busgies dono 12 ) 507 600 e 100 600 ‘ " 50 Les
;"% Conveyor Portohle 2 6,087 4 12,074 4% - 1.5 B4 7,727 4,0 6.0 150 1,080 B80T |-

¥ M Roller Shasps £ 1 2,606 2,698 34 1.8 51 1,767 2.7 2.7 180 " AG5 2:25 |
- 1 Trantor Truck, 30T TH. i 1404512 40,312 46 1.8 W 8% 53,458 20.7 20,7 180G 3786 iFedzs hi
T Welding Maehine 1 '_10,8"(5’ 10,875 & 1.5 69 7,503 2.5 2,5 180 450 Te953 1
3|+ Generator 25 W 2 AeRa3 B, 458 24 (1.8 | _ . 81 ___ 5172 1.0 2,0 . 150 360 5532 |
. i Gererator 5 & z 1,800 7| 2,600 B4 1.0 61 1,220 0.5 .. 1.0 180 180 1,400 |
3| VWoridng & Sereeaing FIfy L . | 47,943 AT,943 | 46 A8 D B2 39013 21.% 2:%5 -1eo 3,870 At |

a4 G )

* 14205,610 |° 992,585, ! 1206264 . 1,113,747
"3 N S AEIRSE .
4 - : \

A — e . {mevship oogt = T7% of Aquisition Gashle  38.%/year : - ‘

: L T AR e - :

1 Shipping Costf = sppron 108 of Aquisition Cest. ; ;

W _ N 5 ]

s o b i

¥ R : .

! i ‘

4 ,.

!L ; »
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TR THREGT COST BOTiNATH, GENENAL DALTORRS
PRREOHTEL - OITH STAFY JALARITS AMD WAGES

P

" Basi Displacement| Payroll .

$Ene | Cathey  |Mlowncs | Burdon Total Gost/| Gostper | Total Coat %ﬁf&wj Cost in | Dost in :

Fayoll T3 umgd Yeaz & per dlem 127t Yooy wonth o Job oxpansop US Jollars local ovry ¢

- !

. I

go Manassment: ' - ) . ita - I ! i
Praj Suparivit. I LTy 5000 7550 Lo B57625 268 TivazR r‘ﬁf«‘5 HATI00 77123 i

1 ineigtant Puperint, | 1 o2 15,000 45500 1,875 21,375 1,781 3Tx401 35THO 53,661 J9740 f
4 FouTpaent Saperint, 1 71 5,000 4,00 i,813 21y 373 sofBt 37501 » L 22 e gt ;

: Epade & Tohank Supt 1 18 14,000 4500 1,750 19,950 1,662 2,916 2,801 | 26,925 24593 :
E Sacretary I P Ts000 PR BrY Fe 975 BIT Ifean LT Y5O I.745 §
] Office Hancgsy 1 “1 12,000 5,600 1,500 17,100 1,42% 23,925 2,992 26,933 2,992 H
b Ancountant T 2L 10, COW o U0U — 1,250 A4, RRO T A EET 2 92T 27482 225455 598 [

| Tire Keepex 1 | i - £,000 2,400 1,000 11,400 950 17,100 1,710 - 15,390 1,710

] Peraonnel 0iflcar - 15T 0,000 25000 1,250 145250 RPN TN 21,366 s iy 197230 Oy )
b, Enginesrings R — g l,
i Chief Civil Enginesr! 1. AL 14,000 49200 . 1,730 19950 1,662 34,802 3,420 " 3l,418 3,890 !
! o T8 5% I=T-Yd Y =10 15,000 359007 1,625 18,525 T BAS T2 403 T TS, 240 TG 163 Iy %
Sarmrey Party Ghiaf 1 2L 12,000 3,600 14500 17,100 1,425 29,925 2,908 26,933 2,992 $
g—"—'ﬂiﬁl‘ Egr Pavemntsr — L 15 12,000 - “HEO—T TIR00—T C ITGIO0 T AR AR 157 To9:2%8 29157 {
0izil Tngr Structures 1 Lee 12,000 5,600 |- 1,500 17,100 1e425 17,100 1,7me | 15,390 1,710 i
Pw*imm I 1B 107000 3,000 LGRSy 7T CL4pRSO T TTIGLEY 215258 23127 19135 Feies 1
3 : S R ’ c i Sy ]
i T harshousings et - . - - \
. Chiof S%ﬂrfimep?r 1 21 10,000 3,000 1,250 14,250 1,187 24,527 2,492 - . 22,435 2,492 .
P dmmimtam Storeior 3 T8 85000~ -24400-——— 1,000 —-— 1 400 — 950"~ 175100 oo 15350 gy ey -
l Fearehousesan 1 18 - 6,000 1,800 TR B,y 550 Tiz 12,814 1,281 - -11,535 1,281 ‘
? d, Utiliiies & Supports L ¢ ) 4
1 Comy WommziT pa 2% 15,000 5y F00 1,625 167525 IThES 3Z,403 VALY 79,163 5.7 ;
} = = ¥ 3240 <
11 a!aeter ;Hecfl?anio 1 }? 3.29009 §p9@ 195§5 18,525 1,543 275774 2:777 24,997 25777 :
_'i‘ ZUPpLy VEIICeT 2 Td 0oL S000 17250 5250 18T — I 25136 19,250 Zy Lt 3
h  Diepatoher 1 18 75000 2,100 BY5 9,975 831 14,958 1,495 13,463 1493 f
) i Yateriniz Expediter N 18 77000 25100 GTH oIS [SF18 14,958 Y BTG ] I55453 18505 B
. i e Msttioat—amt—Safe T N R l : N . :
£4y Do tor . 1 21 12,000 3,600 1,500 17,100 1,425 29,925 24992 26,933 2,992 M
—— ~Smioty-Erginewr ; T 21 125,005 5600 — 313500 175100 aey 29,925 2,892 26,935 7 o i
% 669,634 602,51 66,973 !
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Local Payroll
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Secretary
Interpreter
Accountant
Timekeeper
Typist

Iab. Techs.
Draftsmen
Instrument Men
Rodmen
Chainmen
Storekeeper
Igborers
Mess llanager
Cooles

Murse

Guards

Janitors

GENERQATL EXPENSES

Wages 20% Total

Mos. per Payroll lonthly Gost
Reqd Wonth Burden Cost to Job
21 100 20 120 2,520
21 100 20 120 2,520
18 130 26 156 2,808
21 100 20 120 2,320
18 80 15 96 1,728
30 100 20 120 3,600
30 80 16 ) 2,880
30 120 24 . 144 4,320
45 &5 13 78 35510
45 65 13 78 3,510
18 100 20 120 2,160
72 50 10 50 4,320
18 80 16 95 1,728
36 75 15 90 3,240
21 120 24 144 3,024
216 45 9 54 11,664
54 40 8 48 2,592
58,644



LIDIRZCT COST - GuTBtil ZAPSISES
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T e P+ o

Betimated Batimated
(ONTRACTOR'S CANP fnty.] Unit | Unit Cost | Totel Cost | valus Laesl|  Value
Surrency.. | US Dollare
Housing - |
Trailers 5| = 5,000, &% 25,000 500 24,500 E -
Tents Winierized 200 @ 1,500 2t 30,000 200 29,800 : j
] - : — - ‘ 1
- + |
1 Eesshall Prefalb 3,000 SF 12 57 36,000 1,500 34,500 )
1 tatrine, Bath ’ - :
1 & Lawndry, Prefab 2,000 SP g -7 15,000 500 15,200
1 Doctor's wtrs Prefan: |- 1800 | &P 12 9,400 500 9,000
i i T N S TR 1o 5 l
Fleld Offices " [3,900 | SF Tin 21,000 1,000 | 20,000 -4
. N ' . ) H
| _Warehouse = | 5,000 | 8P 4 20,000 1,000 19,000 |
A ERAEY By S - T 0 "0 /- T {
| monipment shop | 3,000 | sF S| 15,000 | 750 i 14,250 !
| storege Shed | 2,000 | s@ 3 5,000 300 5,700
Hardstand 10,000 | &1 2o 20,000 1,000 19,000
g
{ Fencing " 1,500 | i ___3.50 5,250 _hon 4,750
i vater Supply 15,000 750 14,250
| sewege Cotlection 5,000 700 4,300 |
Y
| Flectiion Distribution| | 5,000 250 4,750 |
1 Flent Zrection & .
i . s [
I Disnantling !
:
I Cyushing, Sergendne | | | I D i
& Yashing Plant | 3 lioves | 4,000 12,000 500 11,400 i
x  Concrete Plant 2 u 2,500 5,000 300 4,700 E
. }
" TOTAL _QOST [GORTRACTON'S CASZP . i 295,85¢ | 10,750 ! 235,100 :
« b
g 7
1
U - |
1
; R
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IMIRTCY COST ~ "IT3C. GTUARAL EXPAFSLS

. Batinnted | Batimated
Guiy{ Tnit | Tnit Cost | Totel Gost Vﬁ;:.ei‘g;l Q,ﬂg:.l_l_ll’.;_i_l;ax
jrav01, Intematior};l ] 1] =
RT US=Afghanistan 5L Ea 3,000 ] 183,000 —— 183,000
Replacement 1045 1 18,300 - 13,300
Trovel Locaol L
Loeal Tire "o Zh 10 | 8,000 2,000 —_
Local Replacements -~ 208 1,600 1,600 _—
Sexvices Supjr. Organ. . ol o
Housinp—- Trailers -__ ' .2 Ea 7,000 10,0Q0 5060 7 ”9,5007 |
| rents, wmemszea | 5 | me | 3500 | 7,500 | 400 7,100
Field Luboratory LS 5,000 400 75500
Mobile Lob Trailes | 18 _ ) 7,500 | 400 | 4100
Communieations Ra,ﬁ.i'o L I8 20,000 et 20,000
Vehicle Cpexaiion Jost - 1
Pickup Trucks 190 ¥o 150 13,500 5,750 6,756 !
Sedans - e A8 ilo a0n 9,600 4,800 4,800 f
Haintenence Supplics | 24 Mo aoo Tl 19,200 15,000 4,200 !
Small Tools & Eu_pm't; L B | W | 500 9,000 ' 4,000 5,000 E‘
Constr Lgpmt Spars Phe Lot 10q,000 — 100,000 ::
Insurance-Constr Eqpn';:b: . ] L‘
1% per year for - - i
| 31,30,000 . | 2 yrs ¢ §16,950/yr | 33,990 sl 33,990 1
Agonts at __ B Ho 500 13,000 9,000 9,000 j
o R B 467,100 50,850 1 416,250 ;
. i
o B ) i
- I 5
J
) ]
1
IR | i
i !A




Aacapituiatlon of sabtimated cost for

congtruction, contingencies and enginsering.

L

Total Total Cegt
TEM Unit Quby . Direct Total Equipment [ General Heme Contingenoy | Profit Total Téem | Fngineering |Totel Item
L, .Unit Coet |[Direct Qosbd | Cost kpense Office _ Unit Coat Coat {ost
Unclessified Excavation | cu.n 696,000 80 556,800 235,369 !} A9L;68L 33,500 115,000 125,000 028 155,900 | 1,509,250
Overhaul au.m/fm | 205,000 08 16,400 6,22‘1 8,052 1,000, 3,000 ' 3,006 45550 42,265
Subbase Course en.n  §139,000 5.13 713,070 292,714 l 378,843 44,5000 150,000 165,000 199,660 | 1,943,287
Bage Course | 86,000 611 525,400 |- 212,705 | 275,292 32,000 | - 103,000 | 116,112 147,230 | 1,427,609
PLC Pavement @iLen 4y725 21,02 99,319 38,462 ‘ 49,780 5,000 19,000 20,000 27,810 #59,37L
Contrate Cutoff Wall g 42550 15.46 70,343 26,057 :; 93,725 3,500 13,000 14,000 19,600 180,315
Fxpansion Joints Iinan | 10,000 i 7,700 2,757 | 3,568 425 1,200 1,500 2,160 19,310
céntraction Joints Lin.m 5,670 o7 _ 4eg395 1,622 2,086 248 800 eoﬁ 1,170 11,011
diprap £/dip sectlon cu.m’ | 13,300 6.71. 87,901 31,074 40,218 4000 15,000 17,000 24,600 219,853
Granted handpl. RR 8 ° | 11,000 2,36 25,960 9,177 - 11,877 1,200 2,000 5,000 7,270 64, 434,
Corr Stesl Culvérts Lin.m 2,200 25.30 55,660 21,299 27,566 2,800 10,000 11,000 15,520 142,905
26 Box Culverts Nl 521 35.40 28,863 11,322 L4, 854 1,500 5,500 6,000 8,080 75,919
Horl iver Bridge s 501,997 177,465 ] 229,683 26,000 88,000 300,000 140,560 | 1,263,708
Bridee at 103+000 8 '33,608 11,881 | 15,377 1,500 5,500 6,000 9,410 83,276
Bridge ah 1064150 s 33,608 11,881 15,371 1,500 © 5,500 6,000 9,.419' 83,276
Bridge at 1084250 13 95,386 33,751 432649 5,000 15,964 20,000 26,956 240,706
2,856,270 | 1,333,747 | 1,441,428 163,242 560,465 616,512 200,036 | 7,551,700

Estimate for fubure Double Bi‘blm}:[nous Suyface Treatment.
1. fdeshape and reconstrudt Basa Jourse - 655,000 [8H x $0022/é‘1'i 3 144,100
2. Prime Goat 655,000 [8M % 30.27/8d & 176,850 . .
3. Double Bitumineus Surface Treglment 655,000 [BM = $1.00/%51 i 720,500

& 1,041,450

Zngineering And Supexry

Hlaion

| & 104,000

i 15045,450

Total Fstimated Coath

" 33



d. Summary of Estimated Initial Project Cost: All costs
are expressced in dollars and dollar eguivalents.

. Local
U.5. Dollar Currency
Requircment Reauiroment
Land Righit-of-way At no cost
Bnginecring Costs 700,036
Dircet Gontract Cosit 2,543,871 242,369
Indirect Costs 2,367,958 187,217
Contingency 520,465 40,000
Contractor!s Overhead 163,242
Gontractor!s Profit 616,512
Totals 7,012,084 459,586

2. Maintcnance Zosts

a, In order to maintain the project road during its
design life of 20 years, it will be nccessary to provide for the
egstablishment of a Maintenance organization adeoquately supported
by appropriate oguipment capability.

Y. It is assumced that adequately trained personncl as
well as oonstruction cqguipment will becomo available during phasc—
out of comstruction activities. It is further assumed that the
initial cost for cauipmentv will amount to The residuwal wvalue of
the contractor's equipment and conscquently the following initial
equipment value is cestimeateds 7

D

Original Deprec. Residual

Type of Aguipment value on Job Value
tiobile Crusher Unit (1) 48,567 20 38,853
Motor Grader (1) 23,430 15 19,915
Tandem Roller (1) 15,376 12 13,530
Trucks 6-cyl (2) 32,042 18 26,274
Prailer 25-ton (1) 12,000 10 10,800
Truck Water (1) 14,935 12 13,142
Totals 146,350 122,514
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With an initial equipment cost of approximately $122,000, it is
estimated that replacement requirements during o 20~year period
will amount approximately to the total original value plus a
percentage increase of approxlmately 20% to reflect rising cost
index trends., Thus equipment replacement cost will amount to
146,350 X 1.2 = & 175,620, Total anticipated equipment procure-
ment cost o cover meintenance requirements for a 20-year period’
$298,620, say $300,000.

c. “Equipment operation cost based on the assumption
that the yearly maintenance effort-will.be equal to an effort
required to replace approximately 5% of the Base Course and
approximately 2% of Subbase and Embankment Materials is estlmated
to require the following equipment. operdtions hours per year.

Crusher 200 hrs.
Motor Grader 250 hrs,
Tandem Roller 450 hrs.
Water Truck 500 hrs,
Dump Truck. 1200 hrs,
Pruck w/Trailer 900 hrs.

The estimoted cost for equipment operations (fuel, maintenance
and tirves) is the following: .

Crusher | 200 X $5.00/hr, = $ 1,000
Motor Grader 250 X 2.50/hr. = 625
Tandem Roller 450 X 1.50/hr. = 675
Water Truck. 500 X 2,50/hr. = 1,250
Dump Truck 1200 X 2,35/hr. = 5,522
Truck w/Trailer 900 X 3.35/hr, = 3,015
Total yearly equipment $ 12,087

operations cost
de Estimeted cost for maintenance labor.

(l) Equipment operators! hours 3,500 per year
plus 50% for idle and in-transit time amounts to total of
5,250 hrs. at an average cost of $0.15/hr, = $840/year.

(2) Unskilled labor, estimated requirement -
10 laborers 2000 hrs., per year = 20,000 hrs. at an average cost
of 0,10/hr, = $2,000/year,



e, Estim@ted cost for supervision and management of
maintenance effort, Estima#ed requirements:

1 Chief Civil Engineex
1 Civil Engineer
2 Grade Poxremen
1 Chief Mechanic
2 Clerienl
Agsuming that the supervisory organization will be
engaged also in maintenance work on other roads in the province

for approximately half time, the following cost would be charge-
able to maintenance supervision for the project road.

Chief Civil Engineer 6 mo.X $50/mo, = 300
Civil Engineer 6 mo.X $40/mo. = 240
Foremen 12 mo.X $35/mo. = _ 420
Chief Mechanic 6 wo.X $40/mo, = 240
Clerical 12 mo.X $30/mo, = 360
Potal yearly supervisory cost 8 1,560 .

f+ BRecapitulation of estimated maintenance cost.

Initial Bguipwent Procurcment Cost $ 123,000

Replacement Cost i 176,000
Yearly Equipment Operations Cost 12,100
Yearly Labor Gost = ° 2,840
Yearly Supervision & Managenent Cost 1,560

-35A~ . ..
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SECTION V:

COMPARISON OF BENEFITS AND GOST

Presented hereunder are two analyses of Benefit Cost values
which take into account comparative present values of Benefits
and Costs without and with consideration given to residual wvalue
of the road after. the anslysis period,

A, Analysis of Benefit Cost ratio without consideration of
residual value of the road.

1, Cost

Qe

First Cost:

Construction Contract Cost

Engineering, Supervision &

Inspection

Initial Maint. Equipment
Procurement

Investment:
Interest during constr.
(2 yrs)
7,673,700 X 0.5 X 2 X 0.05=

Total Investment Cost .
7,673,700 + 383,685 =

Annugl Cost:

Interest on Investment
8,057.385 X 0,05 =

Amortization of Investment
8,057,385 X 0,030242 - =

Perennial Maintenance

Equipment operation cost (POL)

Labor and Supervision cost
Major replacement (10 years)

Reserve Cost 1761000X0.03024=

Total Average Annual Cost

~36~

$

$

6,751,664
800,036

122, 000
7,673,700

353,685

8,057,385

402,869
243,671
12,100

4,400

5,300

668,440



ey

——— e e ————— s

o

o

2, Benefits - B

a, Savings in Transportation Cost:

Amount of tomnage in 20 years using geometric progression based on
national foreign trade trend over past 10 years (rate of growth
= 6% comp),

Amount of tonnage in 20 years based on current foreign and local
trade tonnage of approximately 140,000 tonsy 140,000 X 3,0255995
= 423,583 tong.

Pregent worth of savings thereon at $0.02 per ton lm = $2,48 per
tons 423,583 X 2,48 X 0/37688946 = $395,917

Pregent worth of series based on 6% volume increase (r) and
E% interest (i) ;

Initial years saving $347,200
Sum of all savings in 20 years - 347,200 X 22,12597

Where 22.i2597 = Product of (l+r)X_. L .+ (1+r)2 x 1

(1+1) (1+1) z

T +(1+I')19 X 1 + (1"!‘1‘)20 x 1 = $7,682’156
I+i 1+i

Average annual value over 20 yearss .
7,682,136 X 0,080245 ‘ = 616,453

b, Additionsl revenues from Customs:

Customs revenues collected on foreign irade
through the province in 1961/62 amounted to approximately $825,000
and it is estimated that approximately one half of this value was
obtained on trade going through the project area, It is
anticipated that foreign trade activities through the project
area will increase at a rate at least equal to the national
foreign trade activities trend observed over the past 10 years
which is considered to continue however at a slower rate of &%
per year in view of downward trend noticed over the last 5 years.
Additional revenues as generated by the stimulated foreign trade
activities are estimated as follows:

Amount of total customs receipts in 20 years
(Projected on trade through project area only)

412,500 X 3.0255995 = 1,248,059
Amount of additional receipts 1,248,059 ~ 412,500 = 835,559
Pregent worth of this value 835,559X0,37688948 = - 314,905
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Present worth of series

Additional receipts im initial year 6% of $412,500 = § 24,750

Present worth of additional receipts for 20 vears

24,750 X 22,12597

= 547,617

Average annual value of additional receipts

547,617 X 0,080245

Total anticipated tangible benefits:

a, Reduction in Transportation Cost

b; Additional Customs Revenues

Total Estimsted Average Annual Cost

Benefit - Cost Ratio Based on Above

= 43,943

$ 616,453
43,943

$ 660,396
= 668,440

= 0,988

B. Analysis of Benefit-Cost ratio under consideration of
residual value of the road after 20 years and estimated as

follows?
Feature

Embankment
Unelass & Borrow
Overhaul
Subbase Course
Base Course
PCC Pavements
Concrete Cutoff walls
Expansion Joints
Contraction Joints
Riprap for Dip Section
Grouted Hand pl. RR
Corr Steel Culverts
E.C. Box Gulverts
Hari River Bridge
Bridge at Sta. 103 » 000
Bridge at Sta. 106 + 150
Bridge at Sta., 108 + 250

Present

Value

1,503,250
42,263

1,943,287

1,417,699
259,371
180,315

19,310
11,011
219,853
64 , 48k
143,905
75,919
1,263,705
83,276

- 83,276
240, 706

Pl Bt

7,551,700

, Total Residual Value after 20 years

Present Worth of Residual Value

3,946,632 X 0,3768894

~38~

Residual
% PV, Value
After 20 yrs. Hence
20 years
60 ‘901,950
60 25,378
40 777,314
25 354,424
70 181,559
70 126,220
30 5,793
70 7,707
30 65,955
40 25,793
. 50 . 71,952
80 . 60,735
80 1,016,964
80 . 66,620
80 66,620
-80 197,648
________ 3,946,632
$ 1,487,443
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2,

b.:

i, Cost

First Cost:

1

Initial Cost
Investment 4

First Cost

L

Interest during conste,

Gross Investment =

Salvage Presnet Worth

il

Total net investment cost
Anmual Cost:

Interest on gross invewtment
8,057,385 X 0,05 =

Amortizatisn of new Lnvestment
6,569,942 X 0,030242 =

Perennial Maintenance Cost =
Ma jor Replacement Reserve Cost

Total Average Annual Cost

2. trBenefits

(Same as in preceeding analysis)

Benefit-Cost Ratio Based en Above

Conclusions

7,673,700

7,673,700
383,885
8,057,385
1,487,543

6,569,942

102,869

198,688
16,500

5,300

623,457

660,396

1,06

The foregoing analysis indicate that the project

is econcomically justifiable when the residual value of the project
is considered in the evaluation of the B/C ratio; and it is
believed that economital justification of the project is further
supported when considering the impact of the intangible benefits
of the proposed project. '
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TABLE

I

" fiest  Pits

T, P.| Comp.| Depth | Plast. Orain Size (% Passing)
No, No. cm. | L.DL. | Index | Class {¥o. 4 | No. 401 No, 200

3 1 {10-30 - - SLad - - -
2 {30-80+| - - GRid - - -
4 1 0~30° - - " s - ~ -
2 {30-604 | = - Giad - - ~

7 3 0~90+ | 22.61 6.0 MI~C% 59 86 55,6
8 3 8-90+ | 21.8 % 6.0 | MI~{L - —- -

9 1 8-50 17.91 0.5 ML 96 81 56,6

10 1 0-40 - HP Shixl T4 46 24.5
2 40-70+{ - P - gaid - -~ -

12 3 050 22,71 9.4 CL 53 33 55.8
13 2 1507541 = - - - -
15 1 {10-G0+ - - Srid - - -

17 1 1830 ! 8.4 0.8 quia 63 49 27.3
2 130-00+ - - - - -
19 2 360+ | ~ - - - -
22 i 8-30 - -~ STEd - ~ -
2 3050+ - - - - -

24 - l10-60+ | 15.B | 2.4 Sud 91 70 35.2

25 1 110-50+ | 20.5 .4 SEd 70 45 22.8

27 - {10-90+ | 21.8} 1.6 SMa 76 46 27 .4
28 T2 |e8-80+ | - - - - -

29 - 8-60+ | -~ P St 75 56 25.4
34 1 11060+ | = - SEXL - - -
38 2 10-50+ - — - - -
39 2 110-50+ | - - - - -

42 1 8-30 21,2 | 5.1 Si-87 64 36 20.8
2 |30-60 - - - - -

48 3 0-90+ | 25.9| 5.1 Mi~CT | 100 98 73 .9

4% 3 0-60+ [ 26.2 | 6.7 M~CL | 100 98 69.5

50 5 1 0-36 25, 9.6 CL 100 95 63.6

52 1. |10-90+ | - NP Sad 91 74 22.6
i contd
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PEBLE I —~ Test Pits {condd)

T. P.; Comp. Depth ; Plast. Grain Size (%Passing) !
Ho. o, Gif L.L.l Tndex | Claszsi o. 4: ¥o. 40 | Wo. 200
ha 1 030 25.0 7.9 53 80 63 45,0

2 ]30-60+ | 23.3] 6.1 GI-GO 54 34 20.4
58 3 30-50 26.3 9.0 CL 100 92 T Ti.2
83 2 | 10-65+ - - - - -
63 1 8-70 - HP SEd 100 85 38.2
&8 3 130-60+ j 31.11 8.4 oL S9 92 82.7
71 1 040 - - Sria ~ - -
73 1 { 10-40 20.7| 0.6 Stad 85 59 32.7
T4 3 0-65+ - - - - -
75 1 {10-85+ | - - s1id ~ - -
81 1 ]10-90+ | = | - SiE - - -
83 5 11090+ | 30.2] 19.3 | &1 100 53 86.3
34 ~ | 8-90+ ] -~ WP SE 99 a7 9.5
89 2 {10-75+ | - - - ~ -
91 2 | 40~-75+ - ~ - - -
94 1 0~-T5+ - - SMA - - -
95 1 | 0-75+ | - - St - - -
o7 5 | 10-40 35.1| 19.4 CL 100 956 905
98 2 10-90+ - op a7 2L 5.1

100 1 0-304 -~ - Sl - - -

102 1 10-60 21.9 5.0 Lo 83 57 18.3

103 1 8-40 19.9 4.1 £1d S0 T3 26.7

106 - 1 20-904+ | - up SP 95 79 10.0

107 1] 895+ | - - Snid - - -

113 - 1 10-90+ - - SP 97 55 5.0

115 2 |10-90+ | - - - - -

218 4 110-90+ | 22.8] 2.3 SHA 98 90 49,6

119 4 10-T754+ 20,6 5.5 A3 99 87 42,0

122 A 8~90.. - P SMa 96 93 25.9

123 1 10-50 - - S - - -

124 4 1075+ 23.2 8.7 SES: 92 62 26.0

126 5 1 0-50 ! 40,3 18.5 | ¢L 99 84 51,1

:
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TABLE I - Test Pits (contd)

T, P.i Comps Depbh | { Plast.; i Grain Size (% Passing)
No. . No. Cill o L.L. | Index | (ilass Wo. 4+ No. 40¢ ¥o. 200
127 - 0-90+ [29.0 | 11.4 GL 92 1 13 42.3
128 - 10-90+ |22.0 | 8.2 3¢ 95 87 1 31.5
130 - 0-40 [26.4 ] 3.9 T, 87 54 25.8 .
131 5 0-200+ [28.3 {12.5 oL 100 99 | 81.3
135 - 55-90+ 120.0 | 0.7 M1, 100 93 55.0
136 - 15-90+ | - P LML 100 95 56.6
140 a4 10-90+ {22.8 | 6.0 St 93 53 25.2
141 4 10-85 - NP Skid 92 71 23.8
142 4 10-80 - - - - -

143 bw 0-90+ | - = -~ - -

144 A 1C-50+ | ~ - - 1 - -

145 4 0-90+ | - - ~ - -

147 4 0-90+ | = - - - -

149 4 0~9G4 | =~ - - - -

151 - 40-90 124.0 1 &, Giim - - -

154 - 0-20 |26.2 | 7.2 WE~CL 99 93 75.0
158 3 50-90+ 119.0 | 4.0 ML 100 90 58.4
161 4 O-Q0+ | = Iy T 98 Q1 34.8
165 5 0-90+ [26.1 110.0 CL 100 97 18.4
156 5 0-75+ | - - - - -

57 5 50-90+ | - - - - -

168 5 {45-90+ | - ~ - - ~

169 5 0-90+ | - - - - -
174 5 0-90+ [33.7{ 9.0 HL 100 98 76.9
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TABLT II
Field In-Place Density Tests

;
%

115-30

N, P.iComp. Depth| Dens.i Moist| CA~55 Max CE-55 Optj9d CE-55!% CE-55
Wo. | No, cm | PCF % | Dens(PCF)} Moist (%)!|daxDens| Optlifoist
4 1§ 8~23 }108.9| 5.0 131.9 7.2 82.5 69.3

2 | 40-55 §116.1 3.1 139.0 6.0 83.7 51.7

T 3 (15-30 | 98.4 4.1 123.5 10.7 79.7 41,0
8 3 }15-30 | 95.9 3.7 123.5 10.7 17T 34.6

9 1 |10-25 1 91.2 5.9 131.9 7.2 69.1 81.9
12 3 | 15-30 }107.9 5ol 123.5 10.7 87.4 47.7
26 1 {13.25 {106.0 5.7 131.9 7.2 80.5 93.0
84 1 1 152304 96.41 .9.5 | 131.9 7.2 73.1 | 131.6
97 5 {15.30 (100.8 | 13.5 122.2 12.5 82.8 108.0
143 4 115-30 [ 93.11 7.8 128.7 8.6 72.2 90.7
149 & 98.0 | 7.9 128.7 5.6 76.1 91.8
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. TABLE  ITT . -
Laborztory Soil Tésat Resulis |
i - | MAaz.Deas. (Opt.Hoiss. | Clnge | Graln Sizc Des. CBR
Comp» {Ju-55 - GE-55 Plast. & | __Porcent Passing Siovel @ 95%
M0, Location (Ivs/cuft)i(Percent) (L. L.|Index [Symbol [¥o.4 Io.10 io.40 iNo, 200 CE~55 Max
Ocours Geaerslly ‘ Silty )
1 between Sta 04000 & 131.9 7.2 - NP |Sand 89 82 65 35 Fote (1)
Sta 97000 Sd. il
Occuxrs intormitlentd Grav
2 ly botween Sta 0400 139.0 5.0 - P Silty 70 51 29 14 Hote (2)
and st 1124270 Sand S 11+
Qecurs Intermaitientth Sandy
3 1y between Sta 0400 123.5 10.7 28 10 Tecan | 971 95 90 15 Noto (3)
and 8t2 1124270 Clay CL
Ocours geuncrally Silsy ;
4 betwoen Sta §7+000 128.7 3.6 - TP Sand | 93] 89 { 80 43 Wote (1)
and Sta 1124270 Suld j 11
Ocours belwoeen Sondy
5 Sta 112+270 and 122.2 12.5 34 18 Loan ¢ 100] 100 98 80 Wote &4)
Sta (Iran Broder) _ Glay oL -
Note (1) This material is suitable for use as sclect borrow matorial.
Wote (2) This matorial is suitablo.for use as select horrow material and as subbage material whon it
mects subbage spocifications.
Fote (3) Where this materinl ocours in the subgrade it will requime coverage with at least 3" (15 om)
-of seleet borrow matorial such as that of composites 1, 2 zand 4.
Wote (4) Where *hiz matericl occurs in the subgrade it will reguire compaction of the top 8 in. to

90% of CB-55 max. donsuty and coverage with at lcast 13 (33 em) of szlect borrow muterial
such az that of composites 1, 2 and 4.
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TABIE IV ,
AGOGREGATE SQURCES

g% o5eg

T. P. Depth : -} Suitable Grain Size (% Pasging)
Wo. Location cm Qty. Avail. Pox 2" ] 3/4" Wo. 4 Ho. 10[No. 40 No. 20G Type
. %
¢ | Sta 3 + 770 0-185 | Unlimited Eéﬁf’ait, 891 6 43 34 16 | 5.0 [ Gravol
44 | Sta 36 + 00Q 0-120 | Unlimited | Base, 90 70| 41 | 30 | 11 | 3.0 | cravel
¥ - 1 PCC, Bit,
737 | 15M WW of fsa o Basc, - '
T 55 964850 | 0=60 | Unlimited . PCG, Dit 0| 1] 35 22 12 | 3.0 | Gravel
64 | Sta 504070 | 0-150 Limitoed Subbasc (100 92 64 | 50 30 4.5 Gravel
|
on i
109 | 8ta 504070 hillside] Limited Subbase {100} 81l 1 43 31 8 1.1 Gravel
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TABILIE ¥

Results of Laboratory Tests on Ageregates

7. P. Ilast, (Aprent. {Absorp | MaSO, Soundil, A.Ab- {Stri ; Ao,
oo Station Lo B dsndex 8p.Cr. (Percent Loss4%r TaSion Sbé}pp‘ Alkal% . T;iz
Uoncse (ine | Loss % Reaotivity
- 1
6 3+ 770 ~ WP 2.70 1.1 T.0 | 8.5 30.5 15 @) Innocuoug {Gravel
44 36 + 000 - ¥P | 2,71 | 1.2 3.3 | T8 | 24.8 | 70 &) s11ent1y @) ,
Delete~ Gravel
rious
137 - | NP 2,69 0.8 1.6 | 401 | 22.4 75 L SlightlyGD
Delete~- Gravel
rious

(1) High percentage of stripping -indicates necessity for addition of anti-stripping agent if
aggregates are used in bituminous surfacing.

(2) Aggregates are slightly deleterious with respect to alkali reactivity and if used in concrete
mixes they reguire the use of Portland cement containing no more than 0.6 percent of combined

3

sodinm and potassium oxides.
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16" SUBBASE MATERIAL, C8Z =%, —— ——
O e T SELFCTED sORROW WATENIAL GOR 10, COMPAGTED T3 55% ci

D.178 (77] SUBGRADE
0,263 18" MiNMWUX

0,152 [8") SUBRASE WATERIAL,CBR 28,
GOMPAGTED TO 100%: GE =55 MAX DENSITY

7ic  ACGAESATE BASE COURSE, CBR 60
1 AL CBA 29, COMPACTED 10 100% cf.

] [
MATERIAL GBR 6 COMPACTED TO 95% CE-88 max,
e :

DENIITY
BUBGRADE MATERIAL,CBR 3, COMPACTED T S0% CE-65 MAK. DENSITY z

ATURAL GROUND

A TE) v AT

anumu. GAGUND

TYPIGAL PAVEMENT SECTION

FROM STA. 1I0+000 TO STA. 123 +345
F_DESIGN

DESIGN INDEX 4
SUBGRADE CBR 33

i 0152 (6% SUBRASE WATERIAL , CBR 28,
COMPACTED 7O 100% CE-35 AX.
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STRUCTURAL NOTES :

i. THE DESIGN CONMFORMS TO THE STAMDARD SPECIFICATIONS
FOR HIGHWAY BRIDGES OF THE AMERICAN ASSOCIATION OF
STATE HIGHWAY OFFICIALS, EIGNT EDITION , I1961 .
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FINAL DESIGN & CONSTRUCGCTION
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