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PREFACE

The Republic of Lebanon has been striving since
1te independence to develop its network of roads to a
standard conforming ite international function.Several
lmprovements were made on the system, but on the whole
Lebanon has falled so far to catch the spirit of modern
highway design.

The project put forth in the following pages is
aimed at giving an example on how can Lebanon ameliorate

thls aggrieving situation.

In the preparation of this project, the author
has recelved many valuable consultations and desires
to particularly acknowledge his indebtedness to Dean
C. Ken. Weldner of the A.U.B. Division Of Engineering,
and Professor N, E. Manasseh of the A.U.B. School Of

Engineering.

Kamal 8. Khurl,

) A
Beirut, Lebanon ., Lég,ﬁféa
April 27, 1953 [cam
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Ever since the dawn of history the means of trans-
portation and the extent to which they were developed has

always governed the destiny of many a natiou,

The invention of the wheel revolutionized the means
of transportation thru its numerous by-products, One of its
latest by-products is perhaps todayt!s multi-wheeled vehicle
which 1s capable of safe speeds that only twenty five years

ago sounded fantastic,

In our rapidly developing world it is ®evident that

0

uitable roads to match our modern meaus of trancportation are
a shear necessity, The efficiency of traasportation has bscome
more than ever the governing factor in & nation's economic

growth.

The Republic of Lebanon holds presently the en-
viable position of the middle Bast's " Grand Mediterranean
Terminal", However, theye seems to be no garantee that the
Lebanese Republic will continue to hold this privileged posi-
tlon which plays a very delicate and decisive part in its
national economy uniless it satisfies certain basic reguire -
ments, These requirements are of prime importance to any area

handling transit,
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Lebanon's outstanding function requires it to possess
a modern, efficient and dependable system of transportation,
This system of transportation should be coordinated with simi~
lar systems in other middle Eastern Nations. The focal and
couveyor points of the systems have to be conveniently located

s

ng their unity and efficiency ,

[

without sacrific

The assets of Lebanop presently can be beilsd down
_ % amd the Bedlrv+
to two major items ; namely the port of Beirut'/International
Alrport, These two itemws are by no meaus comparacle in condi-
Tion, The Beirut port is being neglected and misuged though
1T possesses the potentiality of becoming a source of wealth
to Lebanon, Its condition requires further discussion which
1s outside the scope of this thesis ., Beirut lutaEnational
Alrport is a valuable asset in a good condition and ranks

among the world's best cquipped airports.

It 1s quite regrettable to see how loosely has
Lebanon considered the question of providing amnple coanectionsg
bstween Beirut and other adjoining ceaters, The lLebanese sys-
tem of roads connecting Beirut to Syria falls far below the
requirements of any aceeptable international staidards, Their
inadequacy is beyoud question, Driving on them has lately
become unbsarable and hazardous, Bsirut will eventually lose
its privilege to other potential competitord if Lebanon

overlooks the urgent need of amelicratiug the inefficient

.il/.ul



and unreliable transit process which 1s being handled thru
the port of Beirut and its comnsctions to Syria, The failure
to act immediately will undoubtedly euncourage a pending eco-

nomie¢ crisis,

In the following pages, an attocmpt has been made to
study the problem of providing an efficient and reliabls con-
nection between Beirut and Syria, The projected connection is
by no means the only item on the remsdy to the situation dis-
cusged previougly, but it is the first step in many which
would have to be carrisd out before the transit problem is

solved,

The project to be considered will be coufined to
gtudylng the possibilities of colllecting Beirut to Damascus

efficiently and reliably,

Frimary Cousiderations

The necessity of linking Beirut to Damascus arises
from the fact that no ample connection exists at pressnt,
The Beirut-Damascus road is narrow, winding and badly rutted,
Its dependability is questionable, The nsed for another
highway which conforms with our modern meaus of trarnsportation

stands out more than ever before,
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Beirut can be linked to Damascus in three different
ways - a highway, a railway and a skyway, In the analysis to

follow an evaluation of all three cystems will be considered,

A, Highway Versus Railway.

4 rallway caunot be gperated ecollomically for the
relatively short Beirut-Damascus distallce of sixty miles,
Noreover, it would be a rather slow aund inefficient mean of
transportation dus to the steep course which it will have

to follow,

Railroads are subject to radical changes*in design
which would render them absolete in a matter of few yearsa,
4 good example is the monorail railway which Germany is

eXperimenting with,

The standardization of a railway system iu Lebanon
1s very difficult to achieve because of the countrasts in
its physical nature, BEven if such a System is realized it
can never bs operated sconomically in such a relatively

small area as that of lebanon,

A railway binds the trains to it., This characterig-

tic makes it vulnerable in case of war. Major arteries ghoula
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be of such a flexible nature so as to eliminate any such

vduerability.

A highway is very flexible, Its operating cost
falls well within the economical range for short distances,
Strategically, it is by far much less vulnerable than a

railway,

The trend in car design development is towards
making them more comfortable and safe at high ¢cruising
speeds on standard roads and highway, This trend makes a
highway & much more established and permanent mean of trans-
portation than a railway. In case future cars require any
changes in modern super-highways they can be realtsed at

very reasonable costs,

A highway wii% incite an increase of wahicular
transport in the country which is greatly desirable in the
case of Lebanon, Tourist trade and other items requiring
vehicular transport are sources of wealth to the Lebanese

Republice,

B, Skyway % %

A = SKyway caunot be operated withiu a reasonably

economical range betwesn Beirut and Damascus, An alriiner
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congsunes most of its fusl taking off, climbing high enough
before clearing the lebanese range of mountains and cireling
the airport awaiting its turn to land, A routine forty minutes
avarage time willl clapse in a normal Beirut - Damascus flight,
Only five or six minutes of the total forty minutes flight

1s actually required to cover the horizontal distance of

fifty miles which seperates the two capital cities. It is
obvious that this fact puts air trausport completely out of
question as a mean of linking Beirut to Uamascus; Moreover, it
would create an undesirably high traffic intensity betwsen

the two airports which might be greater than their maximum
cgpacitive rating,

.
*

The most efficient and feasible of all three

ways is thus the highway,

g, Why a highway at all ¥

The choice of a highway as a mean of connecting

Beirut to Damascus offers the following advantages,

1, Tae provicsion of a proper counection betwesn
the two cities.
2. Saving of the transicut business of Lebanon

from dying out,
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Tying the valley of Bekaa' which is probably

the Middle Bast's most valuable strategic ground
to Poth cities , Bekaa' is a natural air base
whiech is not seriously vulnerable to sea or air
raids, The road will make its supply from Beirut
and adjoining areas easy ang dependable,

The proposed road will put B,I,A. at a reasonably
short driving time Irom Damascus and its sub%rbs.
This will boost the business of B,I,a, Dy making
it the natural choice of air traffic originating
from Damascus and its suburbs , The projected
road puts B,I,4. at only an hourts darive from

bDamascus under any prevailing weather“conditions,

B,I,A. might be abandoned some ddy for omne reason

or another, A recounciliatory airport will then

be located conveniently halfway between both
cities, Obviously the site to suit such a requi-
ement would be Bekaa' valley, This airport would

also fall along the course of the projected

highway which will then serve as its link to both

cities,

If highway is not constructed, Syria will even-
tually build an International airport of its own

to gerve Damascus, This will drain off Syria's
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technical potential, Morsover it will cost it

a precious capital which is more badly needed

4]

for other basic developments, The technicians
that would then be needed to run the airport

are much more vital to sSyria's development along
industrial and agricultural lines, Also, such

an event will cause both airports! budgets to
suffer from a slizeable yearly deficit. It is a
gserious and an undesirable affair to allow two
strongly competing airports to be so closely
located. The ultimate issue of such an snterprise

will undoubtedly prove to bes detrimental to both

.
r

nationg,

The intangible returns of the pfojected highway
are also of mentionable value, Above all, the road will ser-
ve as an outstanding example on what can modern engineering
achievements do towards accelerating the prosperity of a

nation,

Today's automotive industry seems to be concen-
trating on developing and producing cars that make driving
safer at high speeds., To provide this safety, manulfacturers
have equipped their high powered cars with such features as

power steering and power brakes, also, modern suspension

.ll/‘l!t



design allows cars to take sharp curves at high speeds
without dangerous sway ., To obtain maximum economy at high
speeds, the carburation of these cars was designed to yield
maximum efficiency at speeds of forty miles per hour and
above, This fact dictates that in order to operate these
cars economically, they should be able ,to cruise steadily

at high spseds on roads designed for such purposes,

LeCcCATI O N

The major factors which governsd the selection of
the route wers the topography between controlling pcints,
the purpose of the road, and other prevailing physical condi-

tions,

The projected highway originates at Hazmiyeh,
It then follows a courss which leads it past Faiyadiysh,
J amhour, and Rjoum, From Hjoum, it tunnsls thru Dahr-gl-
Wahsh and continues in a route which goes past Chouite,
;abaﬂiyeh, Baalshmayeh and Ras-Bl-Harf, At Ras-s1-Harf it
tunnels for thirteen kilometers under the mountainous re-
glons up to a point south of Kaissar in Bekaa', A more exagt
outline of the course can be obtained by inspecting the

location plan,

The maximun elevation which the road hits above
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meen sea level 1s 875 meters, This maximum elevation is
safely below the 900 - 1100 meters snow line, The existing
highway rises to a maximum height of 1550 msters above mean
gea level making the saving in rise which the present highway
offers quite sizeable., A rough estimate of this saving in
rigse alone would be an incredibles @ 900:000 per 100 vehicles
per day (1) , This estimate is based on a car's cost of ope-
ration in the United States of Americs and dates back mary
ysarg, nReferred to up to date Lebanese standards the saving
will run up to quite a few million dollars, These savings
represent the capitalized value in yearly operation.

The total distance which the proposed highway loca-
tion sgaves is approximately eight miles, This aaving in dis-
tance and thus yearly cost of operation amounts to a capi-
talized value of P 584,000 (2) - referred to U,S. standards

ia 18sy

Avoiding bad suow conditions, flood areas, leed-
less stream crossings, needless railraad grade crossings

and slide or swamp fermations is an outstanding characteristic

- —-c--—-.--.--—-——_---.—--q-.--——---——g—-—-u—--—n——-—....-—_——..-.——...-...-_

1) Harger and Bonney, Highway Bugineers! Handbook, P.80,

2) Ibid,

'.‘/.I.



which the proposed road will achieve, Excessive rock work
is necessary in tunnels and deep cuts, but in the long run
it is more economical than carrying the road over the
Kanissah Range by bridging repeatedly acrosa valleys and

deep ravines,

Maximum grades are reduced to reasonable standards
by the proposed location, This reduction in grade ig achieved
vy inereasing the distance at certain places., Since a short
distance is desirable and advantageous the increase in distan-
ce ig limited to localities where it offers other valuable
advantages, Between Jamhour and Abadiyeh the inecrease in
length safgs a tremendous expense which will be incurred if
both points are to be conmected in a shorter roufg whereby a
lénéthy suspension bridge will be necessarry. Moreover, the
grade which is thus obtained will be higher than what is
specified as maximum, However the proposed " detour " does

not seriously increase the total length of the highway.

The alinement aud grading design results in safe
and desirable features, All sight distances are within safe
limits for the design speed of sixty miles per hour, Axtreme
impracticable refinemsnts and excessive expenditures are
avoided without sacrifice of good alinement, Few major
drainage structures are necessary for .Lhe loecation of the

route avoids nesdless river crossings and water courses,
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4 major factor which influences the proposed loca-
tlon is traffic control. kost traffic whose intensity is
unpredictable and fluctuates highly is kept off the course
of the highway, This is necessary in order to increase the
efficiency of the highway and make it serve its purpose more
Justly, Traffic interference whose inteunsity peaks for short
periods is undesirable and unecouomical to accomodate Tor
relatively short distances on a thru international highway
such as the proposed one, There always exists certain 1i-

mitations to the scope which a highway's versatility can

cover,

;D D g .
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Access to the proposed road is 1imiiﬁd to a desi-
rable minumum number of points, Only five access points are
to be provided throughout the extent of the highway which
lies between Beirut and Bekaa'!', This restriction of acces-
sibility releives overcongestion and permits a greater

over all efficiency of the highway,

Hazmiyeh is the first access point on the proposed
location, At this point the outbound traffic is fed inte
two major roads; one leading towards the port of Beirut

and the other leads towards Beirut Intemational Airport

IGO//IG.



gseparation at Hazmiyeh is shown in figure I,

The sscond point of access is located at the
Baabda rcad junction with the existing Aley road at the
start of the Jamnour/%ill. This point joins the proposed
liighway to the Baabda road thru a course which is indicated
on the location plan, All Bsous-road bound traffic is fed
thru this same junction, This is achieved sy connecting the
Bsous road and the Baabda road thru & short course which

also appears on the location plan, Such a desigu pemits a

.Ii/‘ll.



better control of traffic and avoids the overwhelming expen-

ses which will result if a dual, multi-ramped iutersection

Fig. 2

-t

At Sinndianneh are located the third access point
on the highway and the first toll station, At this point

the Aley road

o

[ 5}
[
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C
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separated from the main proposed highway

In figure 3 a suggested separation is shown roughly.
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Choui te

Fig.3 '

The fourth access point and second toll station are

at Ras-dl-Harf, At this point the Chbaniyeh road

e oty S el P -4 - 1 e Tt o . =g +¥} o
proposcd Dignway thru an sextension of the

relocated
- Abadiyeh - Qoubbey road, A rough representation
inte

rsecticnl is shown in figure 4,
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Geometric oStandards O0f Design

A, Desgign Speed

- - o

Various conditions have lead to the choice of 60 LPH
as the ruling design speed, However the three factors that
influenced this selection most of all wsre transfer time,
vehicular operation economy and reasonable cost of construc-

tion,

Transfer time refers to the time which would be neces-~
gary for vehicular traffic originating from bDamascus and its
suburbs to reach B,1,a, and vice versa, This transfer time
should not exceed certain desirable limits, 1t isnestimated
that such a transfer time should be short snough to allow
B,I1.4A., bound passengers to cover the Damascus-Beirut distan-
ce within an hour and conversely, ‘The assumed transfer time
of one hour necessitates a design speed of approximately
60 MPH, B,I.4, requires presently an avarage 8 hrs, 15 nmin,
transfer time from Damascus ., The proposed time which would
elapse in terrestrial trausport will thus be comparable to
most times which are required for transfer between other
importent cities and their airports, Table I lists up to
date figures of the transfer times which separate major

world c¢ities from their airports.

.l.IIIII



FABLE 1il)

City Airport lrangrer tim
Amsterdam,Netherlands Schiphol 45 MNin,
Antofagasta, Chile Cerro moreno 40 Mdn,
Auckland, New Zealand Whenluapai rField 49 in,
Bangkok, 'lhailand Don huang 40 Min,
Bermuda Kindley Field 45 Min,
Bueno Aires, Argentina Ministro "fistarini_ o0 kin,
Calcutta, India Dum Dum 49 in,
Caracas, Venezuela Maiquetia 75 Min,
Colon, Panama Tocuman ., 75 Min,
Duesseldorf, Gemmany Lohausen 90 Min,
Georgetown, B,G. atkinson Field 60 Min,
Glascow, Scotland }restﬁa—zl"ct: 75 Min,
Honolulu, T,H, Honolulu Inter, 40 hin,
Istanbul, Turkey Yesikov 45 in,
JohannesbumU,of S,Africa Palmietfontein 40 buin,
London, Bngland London Airport 60 lin,
Los Angeles, U,S,A, L.a,Intermational 49 Min,
Miami Beach, U,S, A, Miami International 40 Min,
New York,U,S, A, Idlewild 60 Idn,
Oslo, Norway Garde rmmoen 75 Min,
Paramaribo, Surinam Zandery 60 Min,
Phildelphia, U,S, A, International Airpt, 40 Min,
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City Alrport Iransfer time
Port of Spain, Trinidad Pisacco 45 lin,
Vienna, Austria Tulln 495 win,

1) Pan American World Airways System's time Table
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In the modern car, operation economy is strongly
influenced by the engine's carburation efficiency ., In the
last few years, automobile manufacturers have acquired a
tendency to design carburators which yield greater efficicn-
- ¢les at high speeds than ever before, Other engine aud
transmission desigu features have recently lead to satisfac-
tory overall efficiencies at high speeds, Moreover, it can
be justly said of the high-powered cars that it is most
efficient and éoonomical to operate them at comparatively
high speed, High compression ratios and more psrfected car-
buration processes are chiefly respounsible for such an out-
standing feat, Recent developments in the fisld of automotive
industry give strong indications that in the next. few years
vehicular operation at high speeds will be well within a

desirable range of econonmy,

Ine desire tc reduce construction expenses without
exposing the hizhway to the ultimate failure of achieving
its basic aims, has led to the choice of 60 M P.H, as tha
ruling design speed, Higher desigu speeds will undoubtedly
necessitate many impracticable extreme refinements throughout
the mountainous portion of the road, Such extreme refinements
do not justify the expenses which will have to be undergone
in order to provide these refinements, a ruling design speed
of less thun 60 mph, fails to secure the projected highway's

high rating which its " raison d'tre " dictates .
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B, Alinement

Directness of alinement is an important considera-

tion in the location of highways, This is because distance

and transportation costs are related directly, However, there
are two schools of thought in the matter of alinement details,
The economist requires the straightest road which can possi-
bly be secured with reasonable construction costs, whereas
the land scaper demands winding alinemsnt along the natural
topographic contours with a minimum of cutting and filling,
The economist has transportation costs in mind. The landsca-
pe enginesr is chiefly concerned with appearances, It is

the age-old countroversy between scieucs and art, Réverthelesa
the highway engineer must, by intelligent compromise, deve-
lop alinement which will be reasonably direct but will inclu-
de sufficient gentle curvature on naturzl contours to satis-
fy the demands of beauty on the part of highway users, This
compromise should by no means interfere with the fuunctional
degi gn of the road, The road should satisfy both requirements

and still serve its purpose,

The science of highway design and construction alj-
nement is chiefly iunfluenced by safety, eass, speed, and
hagling power of traffic and the cost of road construction,

Tne proposed alinement satisfies remarkably all these reqgui-
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rements regardless of the fact that it is located in a

nowdtainous l’egi or,

Wherever possible a radius of 10,000 ft, or greater
will be given to obtain the flattest possible curvature,
Table _

Sre 11 gives the suggested radii of curvature at the va-

rious design speeds,
Tasie 11 (1)

Design speed Desirable minimum radius Absolute minimum

radius
75 WPH 5000 Ft, 5,000 Ft,
70 MPH 3000 Ft, 3,000 Ft,
60 MPH 3000 Ft, 3,000 Ft,
50% MPH 2500 Ft, 2,000 PFt,
40X VPH 2000 F+t, 1,800 Ft,

- S O (G i S ot M e (e e o 00 - ot o e e B o Vo i o e e A S e o

the minimum length of curves to be used inclu=-
ding transitions is 600 ft, In rural areas the minimum
distance between reversed curves shall be 1000 ft. and
in urban areas 800 ft, (%
1) adopted from the geometric standards which were applied
in designing the New-Jdersey lurupike,

2) Ibid.



Bs tween curves which are in the same sense
or direction the minimum distance shall be 2,500 ft. if
the tangent and part of both curves can be se@en by the
driver, A flat curve £&Ff ghall connect curves in the same
senge with an iantervening tangent less than 8, 8500 ft,
long unless no part of the far curve is visible to the

driver while he is still on the near curve.fa)

Approaches to exit ramps from the main roadway
are to be " spiraled " to a minimum wadius of 200 ft,
Minimum distance between reversed curves on ramps shall be
designed to include runout distance for superelevation of

both curves. t4)

e M S S S Gl W A e v e M R P M e A e M A e e g G e o e mew S e G

. e et S S S e S T G S e S S O e R T o o — T = S o e

x These gpeedsfall below the desirable ruling design
speed of 60 MPH and might be encountered in a location

such as the entrance to the first short tunnel at Rjoum,

4
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These standards of deasign shall be utilized in
order to give the highway méximum safety at the ruling
design speed, They are also aimed at meking driving on

it eagy if not a pleasure.

The purpose of spacing curves in the same sgense
or reversed ones is to enable caxs to recover after taking
a curve at the high speed of design , This space will act
as an intermediary between two successive curves giving
carg a chance to " adjust " themselves before going around

the next curve,

C, Grades

In detailing the establishment of the grade line,
there scems to exists two general tendencies, One tendehcy
is to follow railrdsd practice as far as practicable, esta-
blishing long grades of low perceat, Such grades are obtaji-
ned by cutting down évery hill and fiding every valley, or
bridging over it. The second tendency is to fit highway
grades to the natural contours in gently rolling country
ags Tar as practicable in order to avoid heavy excavation
and unstable subgrade conditions, This is based on the
theory that highway ecolomics is not goveried by the same

considerations as railroad economics, The first tendency

."/."



cf following railroad practice justifies large excavation
guantities on the ground that lower unit costs result from
large quantities, and that in any svent the grading is

but a relatively small part of the total cost of the comple-

te highway construction,

On super-highway developments, between large cities
the approach to railroad practige is undoubtedly justifia-
ble, but on distinet rural road development the predomi-
nant trend is to aveid indiscriminate cutting at every
rise in ground simply to reduce the grade by a negligible

amount .

In establishing the grade line of the,proposed
highway both principles are satisfied by a clever choice
of location , This is achieved without evsn sacrificing
at any instant the advantages of one for the other,
However, since the reilroad pracsice theory is more appli-
cable to the projected highway, it is emphasized more

noticeably,

Theoretically, the most economical grade is one
that will permit the vehicle to ascend in high gear at
the nost efficiént engine speed and to descend without
the use of brakes and without attaining too great a speed,
On account of the wide differsnce in engine power of

vehicles, driving habits of vehicle cperators, vehicle

'../I'.



loadings, gear ratios, wind resistance, rolling resistance,
and braking power, and above all the continual changes

in all these factor's, it is very difficult to design gra-
des with any certainty that they will be the most econo-

mical ten or fifteen years from now,

It is & common practice in highwéy engineering to
design mein-line highway grades not exceeding 5 per cent
in gently rolling country or 7 percent in rough country,
but instead of resorting to sharp curvature it is permis-
sible to use short 9 per cent grades , For modern traffie,
a low gradient with numerous switeh-back, or hairpin cur-
ves of short radius constitutes a great source QI danger
besides being impossible forahigh desigu speedg such as
60 MPH, Above all, a reasonably steeper gradient with
flatter curvature will undoubtedly prove to be safer and

more ecolomical,

Grade has undoubtedly a great effect on motor
operation cost, This was discussed previously under the
topic of location, However, grade influences directly the
Tuel consumption of a vehicle, Figure 6 shows the results
of a gasoline consumption test which was carried out on
a private passcinger automobile traveling at a constant

speed on various grades.

.0./...



Figure 6 :

From a standpoint of conweniencs, safety, and
economy of motor operation the choice of a 5 percent
congistent grade is within desirable limits, 4 higher
consistent grade would expose the vehicles utilizing the
projected highway to excessive wear and tear due to fati-
gue and over heating besides being inconvenisnt, The
safety in descending grades stesper thaun that in heavily
loaded vehicles or ones equipped with uncontrollable

—d———-a--—.q—.—..-—.-—u—-_—_---———--ou———_——.—-—,—_-q.—_—-.-—-—-—.-.-......__.,.

1) Bateman, Highway Engineering , P, 467
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sutcmatic transmissions becomes gusstionable,

Maximum grades for only short distances on main
roadways are 9 percent, and the consistent maximum grade
is 5 percent, The desired minimum grade is set at 0,5
percent, loingitudinal drainage veing provided, On ramps
grades are set at a maximum of 9 perceint lor reasous of

gconomy,

The grades selected offer reasonable safety, con-
veniencs, and economy to the vehicular traffic which is
expected on the proposed highway, especially in a country
with a mountainous nuature such as that of Lebanon, Morecover,
the relatively short distance for which they prevall dami-

pens their overall undesirable and detrimental effects,

D, Vertical curves

vertical curves are usually introduced in order
to avoid abrupt changes in slope in passing from one
grade to another,These curves are generally paravolic but
sometimes circular, They should be introduced at the
intersection of two grades having diffsrences in rate of
more then 0,5 percent, Paracolic curves are much more
preferable to eircular curves because of the convenience

of their design and because they furnish a much more

.ioflll.



agreeable transition from a straight line grade to a cur-

ved grade than circular curves do,

Figure 7 shows a chart prepared by the U,S8, Bureau
of Public Reads for determining the required length of
vertical curve for various sisht distances and differeunces
between the intersecting grades, This chart is based on the
minimum passing sight distance on intersections of vertical
curves assuming that the height of the driver's eye is 5

feet acove the pavement,

Figure7
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However, since the sight distances recommended
Tor horizontal curves apply also to vertical curves, the
minimum length of vertical curves at summits is generally
governsd by the safe stopping sight distance, i,e., the non-
passing sight distance, Figure 8 represents a chart which
gives the minimum lengths of vertical curves for non-
passing sight distanfes at various algsbraic differcnces
in grades, The calculations are based on the assump tion
that the driver's aye is 4,5 feet abowe the pavenent and

the object's height is 4 inches.

Figure 8'

sce/ aes

1. Bateman , Highway Engiueeving , p.llo l



{ G : algebraic difference in intersecting grades,
in percentage, divided by 100, )-4.4,.8.H,0.

specifications,

On the projected highway, the minimum length of
vertical curves ol maiu roadways is 600 Teet except when
the algebraic difference in grades im 1,5 perceunt, the
vertical curve is 500 feet; and when the algebraic diffe-
rence 1s 1 percent, the curve is 400 feet long, These
specifications are adopted in order to insure a desirable
margin oxr safety for the relatively high speed of design,
All vertical curves are parabolic, This feature is necessa-
ry in order to provide agreeable riding qualities at high

speeds,

B, Superelsvation

On curves having a degree of curvature greater
than about 19 it is advisable to couater balance the
effect of centrifugal force by banking or superelevating
the roadway, that is by making the outer edge higher than
the inneqédge. The safe maximum rate of superelevation
in regions whose physical charactaristics are similar to
those of lebanon is 1,25 iunches per foot or 10 percent,
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A wmiform bank is selected for use all over the
preojected highway's curves rather thain a variable bank
pavemsnt such as the one shown in figure 9, This is a re-
sult of the desire tc obtain a uniform section, easy to
construct, and avbove all sgsafer and more counvenient for the

vehicular traffic which is expected on the highway,
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Figure 9

The superelevations which are adapted from the
recommended New Jersey Turnpiket®s design standards to be
used on the projected highway are listed in table II1I,
These standards are selected because of the safety, scono-
my and collvenience they offer, Stesper bLanking of the
highway would result in unstability of the heavy vehicles
with high centers of gravity which are expected on the
highway, Moreover, a tire creeping effect on the pavement
will result in case of panic stops and eventually an

inward sway might occur if a variable Dbank is used .
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The moderate banking which is specified provides an
ample counter balancing effect against the ceLtrifugal

force for all practical considerations and falls well

L61]

within the requirements of safety and econeny,

ragLs 111 (U

Radius of curvature in feet superelevation in percent
1,800 4, 2
2,000 4,0
3,000 9,0
5, 200 3.0
3, 400 &, 5
3, 500 2,8
3, 600 2,6
J, €00 G, &
4,000 2, 8
4, 500 1.8
9,000 1.5
5, 500 1,3
6,000 1,8
6, 300 1,9
7,000-10,000 : 1.0
Over 10,000 None



Maximum superelevation in the design of ramps is
8 percent except for upgrade onbound ramps which are 6
percent, A O percent superelevation is specified as mini-
mum on all 500 feet radius curves or sharper, Cross slope
does not exceed a rate of change of 2 percent per second

of time for the design speed . (&)

F, Transition curves

the introduction of an casement curve facilitates
the transition from the nommal crowmed section to the
panked section, A s full superelevatiou is required upon
entering a circular curve while no superlevation, is neces-
sary on tangents, it is required to furnish a uniform
transition from the normal tangent section to the full
cireular curve section, Hasement curves thru which this
transition can be attained may consist of compound cir-
cular curves, spiral transition curves - railroad type - ,
or parabolic curves, The most extensively used curve of
all three 1s the spiral easement. Lven though the parabo-
lic curve furnishes its own easement it has been used

but little in highway, design .0n the approach to eassment

1)} Adapted from the New Jersey Tunpike geometric standards

of design,

i
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curves the roadway surface's crown is gradually changed
to a flat section and is banked until the full supsreleva-

tion is attained where the full circular curve starts,

-

Table IV gives the standards of desiguing

trangition curves omn the projected highway.

Table IV ‘%!

Radiug in feet Minimun length of transition curve
In feet
1800 - 2000 350
00 - 3200 250
3200 - 3500 200 '
Over 3500 None,

Transition curves will be omitted on ramps except

Lo

for deceleration - lane turnouts,

i
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G, Sight distance

On highways, sight distance is the l2ngth of rocad

ahead of the vehicle which is apparent to the driver.

A vehicle which is traveling at a certaiu speed
should be able tc stop within a safe distance, The total
distance which the vehicle covers in making a safe stop
from the assumed speed 1s specified as the minimum sight
distance, In detemining this distance many factors are
involved, These factors include perception time, brake
reaction time, friction factor between wheels and roadway
surface, braking efficiency and techique,  the total momen-
tum which the car possesses at the instance the.brakea are
applied, and the sxternal forces which are acting on
the ear. Bxperience has lead to the determination of the
effects of all these factors, Table V gives the minimum
sight distance or ths non-passing minimum sight distance
on the main roadway Tor various design speeds. This table
is Dbased on perception times and coefficients of friction
which vary indirsctly with the speed, A level grade was

asaumed,
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Table V (1)

Assume design speed Nold-Fassing minimum
Miles per Hour oigh Distance, et

Ko o) <U0

40 275

50 380

60 475

70 600

75 700

Sight distance should also be checked in profiles
with head lamps to insure a sight distance of 1,000 ft,

at 75 mph over psaks, and 800 f£t, at 60 mph., (2)

Since the projected highway has a minimum number

of traffic lanes of Tour no cousideration of passiug mini-

L
Specifications).
2} From the New Jersey Turipike geometric sban ards of

design,
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If feasibls, the sight distance should bs grea-
ter than the recammendsd miunimum, wherever possible, the
sight distance on horizontal curves should be improved

by removing obstructions to view ou the inside of the

curve,

Table VI gives the minimum sight distaunces on
ramps, The values which the table lists are based on a

.

perception tim

9]
Iy

of 8 seconds, brake resction time of 1

seccnd and a coefficient of friction of 0.8, Minimum sight

distance would then be equal to ( 4.4 V 4+ V& f& ) ; where V is
i
the assumed design speed in mph, An eye hesight of 4,5 feet

above the pavement is assumed, The height of the objeet to

be viewsd is supposed to be also 4.5 feet above the pave-

-

ment,
TaBLE vI(l)
Radius of Curvature Design Speed Minimum Sight
Tu Feet of Ramp,MPH uUistance, Fest
100 &0 1585
150 20 <15
200 S0 “oU
00 35 60
400 40 oy
500 435 535
1) Ibid,



H, Acceleration and deceleration lanes

Relatively slow traffic joining the projected
highway at points of interchange should be asllowed to
accelerate to the speed of the traffic on the highway or
to a reasonably comparable value to it befores beiug fed
into the maio lanes of the roadway, Couversly, out bouad
traffic should be allowed to slow down to a safe speed
before attempting to veer away from the directioi of traf-
fic on the proposed highway., This is achieved - by furni-
shing extra lanes at points of intsrchauge., These lanes

are called acczleration and deceleration lanes,

Acceleration varies directy as the maximum torque
output rating of a vehicle's engine and inversely as the
total resistanee to the vehicle's motion, Deceleration
varles directly with the total resistamce to the vehicle's
motion, and the brakiug effect of both the engine - when
the accelerator is released - and the mechanical brakes,
Figure 10 repressnts the acceleration rates of ordinary

passenger motor vehicles at various speeds,

..0/"!.



Fl‘gure 10!

The desirable length of accsleration and decsle-
ration lanes is 1,800 feet., A greater length should be
used whenever possible when a high grade occurs in the

main roadway.

I, Right - of - way.

The right-of-way width is dependent on many
indeterminable factors. The factors iuvolved are cost
of land to be expropriated, future developments of highway,
and nature of surrounding terrain,

S g S L e e T e o e e i B

1) Batemsn, Highway sogineering v E99




It i3 suggested that the right-of-way width
be 300 feet (90 meters) wherever the nuuber of tr;ffié
lanes is gix, and 250 feet (75 meters) wherever there are
only four traffic lames, In heavily built up or expensive
areas, the right-of-way width should be reduced as the
gsituation requires, However, a wide right-of-way is pre-
ferable so as to insure good and permansnt safe minimum
sight distances in the mountainous nature of Lebanon, This
extra width is also desirable in case future developments
necessitate certain minor modifications in the highway's

alinement,

J, Number of traffic lanses, .

Betwesn Hazmieh and Jamhour, initial construction

provides six laines, and ultimate construction six,

This decision was chiefly in fluenced by the nature

of traffic which prevails on the highway and the basgic ain

of the highway rather then the intensity of traffie which
fluctuates iucredibly betwsen these two points - i,e,

Hagmieh and Jamhour,

The traffic which occurs predominantly betwsen
these two points of interchange falls generally under

three categories, One consists of heavily loadsd, slow

.it/..c



moving vehicles crulsing at 8 - X mph, The other includes
vehicles moving at moderate speeds of 30 - 45 mph, such

as low powered cars and fast busses and trucks, The last
category covers all of the remaining vehicles which can
attain with ease cruising speeds in excess of 45 mph,

ol the prevailing grade, This classification applies also

to the opposing traffic,

It is evident that To serve its purposé effi-
cizntly the proposed highway should have a minimum number
of mix lanes of traffic, regardless of the traffic inten-
91ty between Jamhour and Hazmieh, However, since the future
traffic intensity which the highway will eventually sti-
mulate is unpredicable it is safer to provide a greater
number of lanes than what seems to be necessary according

to present traffic surveys,

Between Jamhour and the interchange at the
Zahleh road in Bekaa' initial construction provides

four lanes, and ultimate construction, four.

This reduction in number of traffic lanes from
£ix to four after the interchange at Jamhour offers eco-
nomy in the cost of construction, especially that the
road bed from Jamhour ouwards covers critical natural

terrain, Above all, this reduction does not affect €eriously

llh/.lil!



the efficiency of the road since a great portion of the
traffic deviates from the projected highway's course at

the Jamhour interchange,

In tunnels, the four lanes of traffic are carried

thru for the sake of consistency,

K, Bridge clearsnce vertically

All bridge clearances vertically from the surfacs
of the projected highway's pavement to the underside of
brideges passing over the highway are at least 195 feet
( 4,5 meters), which counforms with the specifications set

by the Lebanese Department of Publie Works,

L, Cross Roads

Intersecting roads, access roads, and relcocated
roads are designed according to geometric standards which
are sel as no less than those which existed previously

on the road in question,
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FAVEWANT Dol G

the relative conditians of varicus roads in Lebaunon
stands as a good example of the cause and effect of a pave-

mentts condition,

Well designed and built pavements have stood many
years of service and are still in comparatively good coudi-
tion, (n the other hand , badly made pavements have deterio-
rated in the lapse of few years. Their yearly maintenance
cost 1s extravagant; unot to mention their detrimeuntsal effecs
on the vehicles which operate oun them, Good pavement design
and construction ig indispensable to any first clgss high-
way, First class pavements always justify the expeuses

which are incurred in their ccnstruction,

Detailed typical sections of the proposed highway

are shown on the map entitled " SACTIONS n

Wherever physical charactaristics of the terrain

.

permit the following general geometric standards are used :

edian width, 26 feet for six lane portion and
L feet for the remaining, four lane portion
whenever pogsible, This width includes inner
shoulders, The minimum width of Median strips
is 12 feet, including the inner shoulders whose
minimum uwnit width is 4 feet,

.ll/.o‘



Shoulders, outside 16 feet, of which 10 feet
would be stabilized; inside 5 feet stabilized,
kinimum shoulder widths are, outside 4 feet;
inigide 4 feet both stabilized, Wherever 4 feet
Outside shoulders are necessary, emergeucy

parking strips will be provided,
Pavement lanes, 18 feet wide,
Vertical clearance, 15 feet ( 4,5 meters),

Maximum grade, 9 percent ( absolute), and 5 per-

cent (desirable) .

Design speed, 70-75 mph for level sections, 50
mph at entrance to tunnel at Rjoum, aud 60 mph,

for remaining portion,

Horizontal curves, minimum radius, 1,800-3,000
feet at curve in Rjoum; H00 feet for all other

curves,

Non-passing sight distance, to conform with de-

sign speed,.

Right-of-way width, &0 feet for six~-lane pcrtion,

23 feet for remaining porticn.

=L L1



Two types of pavements are used ; The rigid, and
the flexible, This is necessary im order to insure a

greater versatility of the road,

[v]

3

The rigid type of pavement chosen is ordinary

portland cement concrste, Lebanon, poss

Ny

(D

Sse

i

at present
first class equipment for the construction of such a pave-
ment, This equipment is practically brand new and liss idle
after having beean used to pave the ruaways, taxiways,

aprong, acd terminal areas of Beirut Internatiodal sirport
p v o .

ssphaltic conerete is the felxible type of pave-

ment chosen , It is a most practical and economical pave-

2

ment to use in a country such as Lebanon, bloreove

r, all
the roadbuilders in the country are familiar with its use

Asphaltic concrete plants can be manufactured locally and

gset up at any convenient spot along the projected highway's

course where the necessary aggregates are availgble,

Both types of pavements offer relatively low rol-
ling resistances, Their life expectancies are high, The
fact that they would stand up best under extremely heavy

axle loads and insure good and ecoacmical sgervice for the

Un

life of the projected highway's bonds lead to their ulti-

mate selectioi,
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Since heavy truck loads are anticipated a
36,000 1b, ( 18 tons) axle load is assuued, This is based

ol the New Je

H
A
~

Turnipike ARthority's recammendation for

b
&}
L

a similar caonpraomnise axle load and oi the axle loads
the 285 - 30 ton trucks which are to be exnected on the

F <

highway,

A, Rigid Pavement

The rigid type pavemsnt will be used on all cur-
ves where the raidius of curvature is 3, 000 feet or less,
This 1s necessary due to the fact that on a sharp curve,
asphaltic conerete pavements creep under the si&e thrust,
which is brought on by a car taking the curve at high
spseds, Centrifugal force causes this effect to be brought

on by the car,

Use of the rigid type pavement will also be exten-

<,
k

ded to all spots on the highway where soil tests reveal

undesirable or critical subsoil conditiong,

The rigid pavement will be of the standard type
portland cemsnt collcrete pavement on a 6, in. ppE&vious
subbage and will have a thickness of 10 inches. This pave-
ment is to be cupported by a wsll compacted subgrade,
The 6 in, pervious subbase will be two 3 in, layers of

crushed stane,

0.0/‘...



Slab design details are as follows .

Countrol joints are to be spaced 78 1/&8 ft.

ct

center Lto center and consist of treated, clear sound
lumber 172 in, thich, extending Irom the bottom of the
slab to within 3/4 in, of the top of the slab, Rubber
latex joint filler is specified for watertightness,

Round steel dowels 1,25 in, in dismeter spaced on 13 - in,
centers are used to trausfer the loads accross the joints,

These dowels are to be of a corrosic: resistant metal or

with equivalent protection, held fimmly in a rigid frame(l)

Reinforcement is to avarage atout 5.5 1b, per

square yard of pavement - sufficient to prevent cracking

3 }

of the slabs - and is to be placed 2 - J inches below the
surface . More steel is to be used 1n the middle third

of the slab length than near the ends , ()

gonstruction will be in 18 ft, lades, the launes
to be tied together by (,5 in, round tie bars 90 in,
in length, spaced 26 in, on centers, A Screw or lock type

of tie bar of equal strength could be used , (3)

tiong,
2) Ibid,
3) Ibid,
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The recommended mix is 6 bags of cement per cubic
yard, 4 1 - in, maximum slump 1s specified, Preliminary
finishing should be kept at a minimum to prevsat bringing

excessive fines and mortar to the surface, Brouiing is

recammended to obtain a non-skid light-reflecting finish, (1)

B, Flexible Pavement

s

Asphaltic concrete is the type of flexible pavement
chogsen, It is by far much more econamnical than colicrete-

i,e, portland cement type caucrste - in Lebanon, wmoreover

n
3
]
o)
}_l
ct

its versatility and other advantageous qualifis
much more practical to use than any other type in the case
of the proposed highway. asphaltic caucrste is a highly

non-gkid and flexible type of pavement, Its relatively

rough surface eliminates all the dangerous effects which

The flexible pavement design congist of - 12 in,

W

previous subbase, three 2 - im, layers of penstration

k

macadam base course; and 4,5 in, of asphaltic coucrete,

The 12 in, subbase colgists of one 6 in, layer and two

.Ol/oln



3 in, layers well compacted, This subbase should make
uge of local materials as much as possible, It should

be of a material that could be compacted and still be
sufficisntly porous to drain well, Use of machine-crushed
rock in 6 in, layer, and crushed rock, slag, or gravel of
4 durable and frost resistant character in remaluing two

layers is recommended, The base course consists of three

2 in, layers of penetration macadaum, Crughed stone should

(9] <

e

be used with 1.6 - 1.8 gal, of asphalt per square yard

( 7.6 - 8,6 liters per square meter), Sufficient chips

to fill the surface should be added while the bituminous
binder is still liquid, 4 rubber tired roller with a wheel
weight of 25,000 1b, ( 12 tons/ is specified fo¥ campac-

ting the top course, in addiion to the conventional rolling

=

7

£y

of each individual layer. This is to insure excsllent

campaction,

= o

The asphaltic concrete design consists of three

i
m

1,8, in, layers . The first layer is a leveling or ovinaer
course, It is to be layed after applying a tack coat to
the base course, The other twoe ccurse@s are wearing or
gurfgce courses., They should be sealed Ly the application
of a seal coat, all these courses are tc be & plant mix
and hot laid, Bslow is given & recoumendation of an
asphaltic concrete mix and a seal coat mix , The metric

system is used :
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lMaterials

i
@]
A5

}

A, Small chips - four types.
1) Passes 36 mm, and retained on 19 mm,
2) i 19 ] 1 B 1 1s n
4 i 1% " 1 l/ A A
5) 1 roon " g5
r
il T 3 = . «
4) 1 b.b" 1 n ] 5.3 H]

B, Sand m (Grit)

G, Flux

butinen

B, Filler - e, g.

3 mm, and retained oun

powdered lime,

Asphaltic Congrets Mix

s

Fach bateh of

168 kg, of
l 1] i
9 i i
2 n 1t

2 C " mn

200 kg.

The chips are

2 parts
z it
l il

X

200 kg. { 440 1b,) con&iéts of
chips, !

Flux,

Bitumen,

Filler.

Sand or grit.

total batch,

in the following proporticn ¢

o (1]
B (2]
$ {3}

seive

290



e

of

1 O]

Bach bateh of 200 kg. ( 440 1b,) consist

19¢, 00 Kgs, of grit or sand,

1580 noon Flux,
B, 20 noouw Hitumen,

Ge D e W EBlier

200, 00 kg, total bateh,

This seal coal is to be used in a very small quan-
J e

1]

tity and tightly rolled, Its purposé is to make the sur-
face impermeable and to prevent the adhesion of foreign
csubstances to the top of the wearing course before it

driess up,

Asphaltic concrete will be the preferable type of

pavement to use all over the projected road. The rigid

portland cement type pavement will be used only where

it is of utmost essentialness,

g, sShoulders

At the present tim=s, a motor vehicle is less sub-
ject to breakdown or tire trouble than it was formerly;

but with the increase im volume and speed of traffic,

Ooo/cll



s
a car parked on the pavement proper canstituted a greater

source of danger and congestion, For this reason, modern
highways should have shoulders at least 10 feet wide for

emergency parking,

Shoulders soculd be able to support, at infrequent
intervals, the heaviest axle loads to which the projescted
highway might be subjected, They should fumish a seal

way
to keep the water out Irom under the roadiag pavement,

-

=2

and they should have a different appearance from the main

roadway to discourage their use as a regular traffic lane,

Shoulder design ccisists of a conpacted thickuess
of 10in, of subbase material with a double bltumincus sur-
face treatment as a seal, This recommended design is

relatively inexpensive and satisfies the specified require-
¥ 1% 1

Jilelltsl @

All shoulders are 10 ft, wide except in mowntai-

Q
@

o

nous and special areas where it is not feasibl

(¢

To provide

n

this width along all the highway sections where the shoul-
ders will be reduced to a 4 , ft. minimum width, Under

such conditians, smergeicey parking strips will ve provided,
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liscellanecus Structures

A, petaining Walls

Stendardized reinforeed concrete retaining wallsg

" cribbed " type will be used all slong the course

o
H
ct
=
(O]

of the projected highway, wherever necessary .

-

The choice of cribbed retaining walls ig a result
of the desire to obtain maximum economy, flexibility, and
simplicity, Cribbed retaining walls provide their own drai-
nage, and are simple to eaistruct ana maintain, aAchitec=
turally, they are functionasl and pleasant, For all practi-
¢al purposes, they are by far more ecouomical tﬂam all
gtandard masonry retaining walls being used presently in
Lebanon, In case of bad visibility, they serve as a good
indicator of the rocadd' course and are less liable to be

mlstaken for other contemporary structures,

Figure 1l shows a section of a typical cribbed re-

taining wall made up of headers and strectchers,

-lcltono



ERJ

]
'

JTRETCH

5% 8" HEADEK.

Aeadarr

jorg oot <126 %”’m i n -
i 6! 7;.4 F it s :!'Si'- 2 }H

, ==l & W1
L _..._/x‘_ 4 ' °

Reinescement = 4-%5 "4

2

Figure ||

B, Gard Rail

The use of guard rail will be restricted to the
areas where ity wee¢ is an absolute necessity., Gard rails
will only be used whenever the side slopes ou embankements

are steeper than I vertical to & horizontal, or any other

r
e e 0 e/ s a0



section of the highway where there is a need for

protec~
tion, such as when the highway is split into two secticus
at differsnt levels as shown on the " SECIIWNS " gheet,

Gard rail design is in the form of a " bump~back"
wall type which is sketched roughly beslow, This type was

Jas

used successfully in surope recently, espscially

Switzerland,
/ Bump-back wall
Roadway shoulder Concrete
TR SR/

¢5088¢8%

Figure 12

The above illustrated guard rail deflects the
vehicle back toward the roadwsy rather than check its
speed or stop it, Also, it does not entangle it but
permits it to slide freely aloug its face, The Tact that
it comes in contact with the wheels or dumpers of the
vehicle in case of accident makes it less hemful ginca
these parts of the vehicle are best able to sustain the

force of shock, It is highly visible and is to be painted



with a luminous and bright coclor to secure a good outline

of the course of the highwaygto accentuate vizibility,
0, Signs and Markers

41l highway signs and markers should be desigued
to

be easily read at high speeds, They should bs place

Q

so as to give motorists ample warning of approaching

exits, International design pavteris will be used,

The highway's futction in its first stage of

development does not Jjustify its total illumiﬂé%ion,
(mly tumnels will be illuminated, No recommsndations for
the over all system of illumination are specified since

future developments in this field might render any prema

kA e
ture predictian absclidte,

G-0N C LY S I @N

The alinement of the proposed highway is by no
means an absolute final draft., Several refinements

to be made on its final and more detailed vers

ion, Before

...//..I



realizing such a detailed final draft of the whele scheme
more data is necessary . The data needed should include

.

the following ¢

Soil studies and tests,

Geologic maps of the areas where tunnelling is neces-

Extensive traffic surveys,

A precise, upto date, reliable and extengive survey of
the belt thru which the project road passes; bearing
in mind that maps should have countour intervals of
1 meter and a scale of 1 ¢ 1000 at least aud pre-

ferably 1 : 5CC,

The projected highway is not meant to be exclusive

4.

in its existence, but it is the first link in a chain
which will enventually lead tec a fully developed
Pan-Arabian highway system, such as the scheme proposed
by Mr.wW.¥, Moore in his booklet entitled ," The Arab
States, Their Industrial Potential And The Proposed

Pan-Arabian Internationagl Highway ,"

It is evident that in the process of the projected
rocad's construction, modern mechanized equipment should be
utilized extensively in order to realize a closely control-

led and consistent procedure,
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Bfficisncy in operation will uddoubtedly be oue

C“

of the governing factors in the project's prospegrity,

In order to achieve a high operation efficiency, the road
should be run by its own administrative body, This body
or authority should concentrate on keeping the road
ruaning smoothly, It should control the policing of the
highway and enforce all the necessary laws conforming

with the highway's functial,

s £

No one can predict fully the indirect effect
of the project's execution for many intangible factors
are involved, However, it can De firmly said that the
project, if carried out, will utndoubtedly be an invaluable

source of wealth to the Republic of Lebancn, £
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APPENDIX

The practicing engineere in charge of the Beirut
turnpike held a préliminary meeting on Tuesday
discuss the general financial patterns of their

A1l unit prices were analysed and final figures
as follows:=-

Unit cost per meter

run
Lene portion of road (Beirut-Bekaa') 100Q00 L.L.
Lane portion of road (Beirut-Bekaa') 70000 L.L.
Iane bridge 1000000 L.L.
Lane tunnels 500000 L.ZI.

Lane portion of road (Bekaa'-Damascus 47500 L.L.

These costs are average figures and include

structures, retaining walls, cost of expropria=-

tion, and all other standard items which the road design

requires.

They do not include engineering costs and

other incidental items. These unit prices were arrived

at after

a careful breakdown of the assumed figures and

are comparable to other similar projects' costs. How-

ever, no

exact prices can be epecified for many unde=-

terminable factors are involved.



The total cost of the project based on the assumed

costs is as follows:=

Item Unit cost Quantity Total cost
in L. L. K.M. in 5.
6 - Lane portion 100000 5.50 5500000 .00
(Hazmieh~J amhour) :
4 - Lane portion
(Jamhour-Ras-el-Harf) 70000 10.37 zzlqpoo-ﬂ”
4 - Lane bridge at exit
of first tunnel 1000000 0.80 2000000 - 00
4 - Lane tunnels
(Khabbaz) 500000 14.20 71000000 . 00
4-- Lane road
(Bekaa'- Damascus 47500 42,50 20200000.00
4 - lane tunnels
( Shabhar ) 500000 13.26  66300000.00
TOTAL L. L. 172210000- 00

Engineering costs are estimated as being 10% of the total

cost. They ave 4o be added +o the 17£,210,000 L.L- rodal .
On the final meeting of practicing engineers

Balabanian, Khabbaz, Khuri and Shabhar, which was held

on lMay the 7 th., the financial study given a final con-

sideration and the following decisions were unanimously

arrived at:-

1l - The construction of the projected highway
be a completely mechanized process. This will definetely

cut down the total cost of the project.



2 - The total assumed cost of 190000000 L.L.
renders the project unjustifiable economically with the

present traffic intensity.

% - Dependable and extensive traffic surveys

are necessary before issuing a final tolling scheme.

Since the assumed tunneling costs render the
project unfeasible, the rracticing engineers find it
necessary that they consult a tunneling specialist be-
fore arriving at a final decision. A revision of the
tunneling costs by & consultant would clarify the pen-
ding economic problem further and put more light on the

possibility of a more economical relocation.

The practicing engineers recommend the follow-
ing schematic procedure to arrive at a satisfactory:
result.

1 - That the b.5pkms. 6 - Lane portion of the
proposed highway between Hazmieh and Jamhour be construc-
ted at the expense of the ILebanese Public Works Department
and supervised and maintained by the highway authority.
Sinceiis justifiable due to the fact that this portion
will be mainly used by summer resorts bound traffic such

as Aley, Bhamdoun and adjoining areas.

2 - That the project be extended and carriet out

as a Pan-Arablan International Highway System where the



Tunneling expenses of the projected road will be shared

by all concerned countries.

2 - The tolling system be directly charged on
the basis of kilometers covered by the vehicular traffic
on the highway. Electronic and mechanical devices will
be utilized to register the number of vehicles that en-

ter and leave the highway at each access point,

4 - A bond issue of 190,000,000 L.IL. will be

floated as follows: -

& -~ 100000000 L.L. worth of stock will be issued
by the highway authority as collateral paper and floated
as series "A" bonds. These bonds will be sold to banking
aaencies and will received a guaranteed fixed interest
of 2%, These bonds will meture in Z0 years from then
start of the highwey's cperation. This series will have
priority until retirement against net revenues. If at
eny instent the scquired net revenues do not cover the
service charges of this series the concerned states should
make up the deficit from their national treasuries, or
other national incomes since the project is a source of

wealth to the concerned nations.

b - 90000000 L.L. worth of stock will be iscsued
by the highway authority and floated as series "B" bonds.

These bonds will be sold to the concerned states, private



concerns, &nd individuals who wish to participate in the
project. These bonds will participate in the returmns of
the project similar but subordinate to series "A" provi-
ded the net income is more than what is reguired to cover

the series "A" service charges.

In case the returns are insufficient all income
will be applied against the series "A", the deficit should
be made up by the concerned states. However, if the re-
turns exceed the total expenditures and requirements of
the project, the surplus would proportionally be distri-
buted between the concerned states and peartly applied

against the "A" series bonde expecting their retirement.

5 - An equivalent of 10000 Beirut - Damascus
vehicular movements have %0 be achieved daily in order
to make the project economically feasible. This is beased

on the 190,000,000 L.L. coste.

6 -~ The average daily traffic of 10,000 Beirut-
Damascus movements or their equivalent is based on a
break - even yearly budget of 15,000,000 L.L. This

budget's breakdown is as follows:=



Item

Yearly deprecistion for 30 years
( sinking - fund )

Fixed interest on 100,000,000 L.i.
bonds &t 3%

Interest on 90,000,000 L.L. shares at

6%

Maintenance and other incidental ex-
penses ( 24 of total capital )

TOTAL

Cost in L. L.

2,800,000

3,000,000

5,400,000

3,800,000

L.L. 15,000,000

All the estimates are subject to variations

since they are very rough ones based on factors meny

of which are undeterminable. The suggections do not
28

recommend any particular administretive set up since

this require much more estensive studles that fall out-

gside the scope of this report. In this connection and

other corporcte matters, useful information is obtain-

able through studies of the organizational patterns of

similar projects which have been executed such &s the

New'éérsey Turnpike, and the Pennsylvania Turnpike.
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