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Chapter 1

i

INTRODUCTION.

The Chtoura-Damascus Highway forms the second stretch

(3]

» exit

(

of the Beirut-Damascus Turnpike. DBeginning at th

of Dahr-el-Baidar Tunnel, it spans the Beka'a Valley

1

crossing three main rivers and tnen cuts the Anti-Liban

mountains with two tunnels of totael length of 13.250 kms.
and four main bridges. Attimes when the mountain side
becomes too steep, its lanes divide up in two and then
join again after the critical spot is passede

Once constructed, this highway will not only be
an important improvement to the Comfoft and speed o
vehicles, but it will alsc have a merked ef”ect on the

~

economic situation in both Syria and Lebanon.

~

In this report, the engineering espect ol this

ct is considered and a study-of its location and

proj

(5%

construction is made within the limits of data and

maps available.

The drainage of such a highway is a very import-

e

ant consideration specially at some places where the

1 - 4 -
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conditions are very bad. At the places where thne road

was over a fill, precautions were taken not to let the

VW
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water reach it from the' subgrade and when it was in

a cut, drains were provided to keep the water from

reaching it from slopes and then carry the water

T

o

comes on it directly from the rain.

ct

13,
The conditions at the Beka'z where the water

table is very high are discussed in detail, and in

retaining wallss a new method to this country has

been introduceds namely the lassey FPrecast Heinforced

Concrete Cribbing method. Its advantages are discussed

at length in this report.

In designing this highway, modern standards as

K

to right of way, grade, alignment, curvature and super-
elevation have been followed very closely to give best
esults of speed of traffic and comfort of users. It
is only in few casess that use was made of extreme values
permissible.
The type of pavement to use was the subject of a

detailed study ¢ he flexible type was deemed

ct
e

the best.



Chapter II

PREELTMINARY LOCATION SURVEY

- 3 o

Shtoura-Demascus highway was located by,first,
joining the two terminii, the end of Dehr-sl-Baidar
tunnel and the beginning of the 4C-meter boulevard of

o

Damascue, with a straight iine on

10
o
O

a3

pographic map of
a scale of 1/50,000 and l0-meter contour intervals.
Then by inspsction, the profile of this new road was
found to be inconvenient because of the mountaineous
region it passed through. .R second and third route
lines were drawn and kept as near as possible to the
first line joining both terminii. Profiles of
routes were drawn and the best route location was se-
lected,(as shown in the map), taking into consideration

¢

length, grade, curvature and cut-and-fill.

Tunnels were introduced shortening the distance
by 7 Kms., reducing the grade to a maximum of 4 %.
This means a lot of saring in fuel consﬁmption ( as
shown in Fig.l), avoiding fogs which are too dangerous

and ennoying, reducing maintenance and eliminating

all kinds of accidents due to bad alignement and
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'sight clearance.

In types "B & C" the one direction lanes are
roeised above the other lanes for the two cannot be
carried on with the same elevation, thus reducing
tremendously the cost of construction. ,Iyoés e % By

ted

The two direction lanes were separa ; each going
around & ridese and then meeting back z2gain, giving a
o (& [ ¥ B =]

variation in look and reducing the cut-and fill.

The basic considerations which affected the
location of the highway were:
1. purpose of the highway

2. nature and volume of gnticipated trarffic

3, amount of fund available for construction

The purpose of Shtoura—DaﬂaScﬁs intarnetional
highway is to move the traffic between its terminii
quickly and safely without ény serious interruption.
intrance and exit to it is limited:to.ﬁallen in Lebenon
and Zabadani in Syria. Adjaéent lands are not supposed
to use it because they have théir own auxilliary service
roads.

This hipghway was designed for the uss of both

passenger and Iright cars. The maximum grade was
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governed by the fright traffic and the curvature by

the passenger's.

8y no means this location survey is {inzl and pul

to construction. Béfore starting construction the foll-

o

owing surveys should be attempte
1. reconnaissance of the whole area by plane,
on a map with a scale of 1/2500 and.5-meter contour, or
on en aerial photograph with the aid of stersoscope.
2, preliminary survey of.th: route lines
selected after the reconnaissance surveys are complcted.

}

fter

Ak}

3, location survey of the route adopted
a comparison arid consideration 0f the lines over which

preliminery surveys were run.

Only in type "A" preliminery survey should be
omitted because of the flatness of the country. After
the map reconnaissence and location were done a reach
to the site, for a check on: the topography and nature
of soil was not possible. Such an investigation is re-
commended and could be done by a plane. Such a survey
will reduce thg cost of constructioniand add much to the

success of the project,



Chapter III
DRAINAGE
The problem of drainagc'is divided.;hto 3 parts?
1. cross-drainage
&, lqngitudinal or surface drainage
3 und&?drainage
Drainage in gﬁngrél ig very essentizl to road

stability and permanence. In other words it could- be

O

en

said that highwey is drainage. Surface water shoul
be removed as quickly as possible so as not to introduce

nazards to the traffic. The same thing is epplicable

to the sub-surface water for its presence in the sub-
grade will rcducé the bgaring'capacity'of the soil and
cause settlamént and failure in both the rigid and non=-
rigid pavements. The existence of:ﬁate“ near the sur-

. face of the earth or in the frost zone causes the up

heave in the surface of the road.

Capillary action is another danger to road stability

and should be eliminated . - Water reaching the subgrade

by capillarity finds its way through to the subbase,

and no matter how well the subbase is rolled, channels

jAk]

will still be found to lead the water to the base course.



There ik breeks the bond formed by both mechanical and
chemical actions, and cracks will show off iﬁ the wearing -
course and extrusion will result from the deflecticn of
pavement under moving vehicles. In time these craks will
form patches and pits which will destroy the tyres and
some parts of" the vehicles and render the roadway uncom-
fortable for driving.

This chapter is confined to the study of dfainage
in the highway. It includes the sﬁudy.and estimetion
of the runoff reaching, calculation of water-shed areas
for different places of culverts and Ior side ditches.
The selection of types of structures are taken from-
Mir. S. Kuwatly who is working on the standardization of
drainage structures in Syria and Lebanon. This chapter
lalso includes the study of underdrainage in the highway;
location and selection of standard underdreins, and.re—
taining walls.
Bridges

Bridges are constructed to carry thé'roadway over
the following rivers: El-Hafif, E1-Djaher, Litani, Rha-

ziyel, Barada, &l-Uaren, Ll-Saida and two others noted .
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The water-shed areas for these rivers are very
difficult to locate on the map, due to the unknown
underflow of melting ice and to the difficulty in
reading the contours of the different mountains. Data
for the following rivers are obtained from Point IV,

Litani Project office, concerning the flow;

iiver lMax. flow h5/sec. : Date 1952
Bardoni 10" March 13
Litani LT A larch 7

Kzaiel 198 March 20

Bardoni joins the Litani before intersecting the
designed highway thus making the total discharge of
Liteni at that place 27.5 MB/sec. Kzaiel is given anothe
name, so ihaziyel flow will be 17.2 h3/sec. The flows
in the other rivers are all assumptions. Mr. Kaser, the
.responsible officer of Litani Project office, says that

these values are by no means final and 100 % correct and
are liable for élteration, because gauge stations were
installed only last Octdber. He also said that marks left
by water ways indicete that only in 1940 the flow was
greater,

Based on these data and allowing 20 % factor of
safety for unexpected runoff, the following table is

Tormed:



Name Bridge Discharge ©Slope Heights of Waterway ‘
" No. M cube/uec. % embs.in M., area in M sq.
ElL-Hafif B-1 S 0.25 1.8 4.5
El-Djaher B-2 S . @25 LB 4.5
Litani B=3 33 T 16.5
Rhaziyel B-4 2l el ;1.8 105
Barada B-5 18 g2t k.5 9.0
_——— B-8=B-1 = =y R 4.5
—_— B-9=B-5 - s, om - G .0
For these calculations a velocity of < meters per secC,

was assumed. For the following two rivers, sl-Jaren and
gl-Baida, the water shed area was measured and by the
"help of "Harger" Page 1022, diagram 2, the following
results are obtained:

WNarme Bridge dater shed @ = Discharge Area in.

o, area in -sq.l, M cube/sec. M SQL
nl=idaren B-5 B.49 . . 14.‘3 e
‘ml1-Baida: B-7 86,0 'R 0 31 5

All are small span brldﬂcs exccpt B-T7

Culverts

'Gulverts are installed to carry surface water
beneath the roadway. The axes of éulverﬁs are made in
line with the direction of flow. with the exception of

very few which are called skew-culverts.

Water-way openings are taken from ”harger" page 191,
table 49. The length of these culverts are made equal to

the width of the embankment from shoulder to shoulder.



10

Culvert No.. Area in acres Upening in Ft, Upening in m.
1 6000 6 X 6 .86 . x L,88
2 1100 6 X6 185 x 1.85
3 600 6 x 6 1.85 x 1.85
4 120 4 x 4 Tech X 1.28
5 900 € £ 86 1.85 % 1.85
6 Min, i 0.65 x 0.65
7 200 4 x 4 1.28% 1.45
8 1100 £ X 6 Le8% x 1:88
9-14 e % 0.65 x 0,65
15 6000 6 X6 1.85 % 1.88
1l6-42 S S B 0.65 x 0.65

Longitudinal Drainage

Intercepting ditches are established wherever ditches
along the roadway are found. In such a case the runoff
that comes from the mountein iscintercepted there leaving
the side ditches to carry only the water coming from ﬁhe
Right of Way area. By doing this the ditches could be
as gsmall as possible and heve a low velocity which does
not erode the sides. The section of the ditches are

designed according to the flow andthe slope. Discharg

o
o

e
is found by taking 75 % of the rainfall of the area of
1/2 the total Right of Way. Assumed rainfall intensity
is 100 mm{hr. Then the section will be tabulated as

follows:
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‘fype R.W.in M, Runoff Mj/hr. Slope % Section
A 60 - —-— Nene

B & C a5 ke Q0 5

Br& ¢ |t B

D »= . B A

& r 45 Le68 5

G 20 . TS 2

H 20 -— -—— -———

Side ditches are constructed along the median
étrip and on the cut sides only. Relief culverts

are installed at intervals of 100 meters.

Underdrains

Free water in subgrade occurs in either one of the
following:

l. as a flow through a permeable soil overlying
an inclined layer of impervious soil.

. 2. as storage water having a level water table.

In Beka'a type "A" where the water table is level
and very near to the ground, two pipe drains of minimum
diameter of 15 cms,., are placed on both sides of the road
in the embankment under the shoulders embedded in the
coarse material used, for water follows the line oi least
resistance. The pipes are laid with a slope of minimum

7

0.5 % and relieved to the lowest ground at intervals of

100 meters.



Figure 8

A section showing the position of underdrains
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In the other part of type "A™ no drain pipes are
needed becuase the water table is very low and there is
no fear of water rising by capillarity.

In type "B & C" on thé cut side, the water seeps
in eninclined porous layer over an impervious stratum.
Pipe drain is installed under the ditch in the path of
flowing water. The pipe extends into the impervious
layer, and the trench above 1t 1is filled with coarse
materials and sealed at the top by an impervious layer

to prevent clogging caused by silt from the surface.



Figure 9

A section showing the position of underdrains.
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In type "&" no underdrains are used. The ambankment
is all rock and no water in any form is found except that
of the surface which is drained very rapidly by the side
ditches.

Type ,"H" is drained exactly in the same method like
that of Beka'a type MA",

Retaining Walls

Retaining walls are structures used to hold the

earth on the cut side from flowing into the roadway and/or

to hold the embankment wherever the fill is very great,
thus reducing the cost of fill specially in mountanious

regions or in areas where the highway is crossing a
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depression.

Massey Reinforced Concrete Cribobing was intro-
duced. This kind of retaining walls has proved to be
better than the ordinary retaining walls now in use,
for &

l. it is very easily installed and regquires less
time and labor.

2. no foundation is needed but only a level ground.

3. precasted and stored in quantities for use in
emergencies.

4. no weep hdles are needed.

5. units are free to move, no rigid connections.

6. 1tS . two point bearing insures against flexure
Tailure.

7. 1t is cheaper.

With the help of figures 10 & 11 and table 1, the

cost per meter run of both Types is calculated.

Table I

Summary of Quantities

Item Concrete 1:28:3 Reinforced steel
l e 1510 L»Z.C- TLS. A F

Header A s 0,055 Al BB B alall
Stretcher B 2.83 | 0.074 $.78 i 4.42
Stretcher € 2.53 0.072 9,72 4,42
Stretcher O 2.23 0.0553 Q.72 .48
Stretcher E 1.48 0,042 Q.72 4.42
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It is found from figures 10 & 11 that 3 units of
TE®, &5 units of "A™ are needed per ter of

]
(@)

Lidal ]
™y

1.85 MuRes and only one unit of ™)™ perl.85 m-run

is made between both types per met

ind having the same height of 5 meters.
No. Units M.C. of Concrete Kegs. of Steel
15 #p e 0.8 76«50

e W 0.083 4,42

14 "g® 0«59 52.00

g woe 1.08 66« 30
Total a0 a0 209. 22

Cost/M.Ce of

concrete equals to!
Tailia
Cement 7 bags 7 % 3.25 3 BRLlD
\lgl,'-l (’C"Le I e e D00
Labor % installation = _45.00_
Total iR
Cost/1.85 m. equals:
L.j‘_:.
Concrete E.5B5 x 78,75 = 184.00

Steel 09.22 x 0.37 = 77.50

?\_'J

Transportation 6 L.L./ton
(2.533 x 2.5 + 0.2092)x6 =
3004 50

Cost/M.R. = 300.50 =

1.85

32.00
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Chapter IV

STAKDARDS OF DLSIGHN

Cross-Section Details @

Figures 2,9 4, are drawn to show the cross-sections

~

of the road at different places and different conditions.
These figures show the cross-sections of 2
1. the wearing courses and foundatilon
2. the shape of retaining walls, ditches,
curbs and
3. the details of pavements
4, the slopes of shoulders and r adsides
5. the details of superelevation and widening of
curves

6. the details of embankments and surface drainage

’--’3
Q.

In the selection of standards ol esign the following
precautions were given due consideration °

1. alignment was chosen to be as direct as
possible and was consistent with the topography. All
curves of more than 3° were spiralled. Sudden changes
from easy to sharp curvature were avoided.

2. where topogrephy required the use of com=
pound curves, the difference in the length of radil was

not to exceed half the length of the snorter.



3. broken curves, curveés in the same direction
with a short tangent in between, were avoided.

4. no compound curves, or any curves at tne foot

5. sudden changes from areas of eagy curvature

to area of sharp curvature were avoided.

-‘Width of Right of Way

The width of right of way was selected suf’

provide in general for:

a. a2 separated pavement of four 1l2-ft lanes

b. a median strip of varieble width depending
upon the topography ( 3-00 m.min,)

- 28 width for acceleration and d;celﬁration lanes
at points of acces with the intersecting arteries.

d. two 3.0 m.shoulders for‘disébluﬁ cars and for
the use in emergencies. |

e, wide flat slopes.

f. service streets, whgre Necessary.

g. size of ditches andAgutters.

The Bight of Way extended to the property line a bit
behind the ditches» thus forbidding people from plenting
and obstructing the sight.clearanCP;

The Right of Way of type "A" ié 60. meters ( as shown
in fig.2). It provides an extra 3 m., unstebilized shoulder

1

on both sides. At the intersection of Zahleh-Zabadeni roads

it is wider by 8 meters allowing Ifor two acceleration and



deceleration lanes of 350 meters length. At the cross-
ings the R.W. is increased by 45 meters so as to give
good alignment.

The Right of Way of types "B & C" is variesble depend-
ing on the angle of repose of the earth but it is 35 m.

minimum. (Fig.2)

H

The Right o
lMr, Khabbaz.
The Right of Way of type "&" is 45 meters. (fig.3)
Type "F" Right of Way is 35 meters ’ same as types "B &

Types "G & H" Right of Way is 20 meters.

The Shtoura-Demascus highway consists of 4 traffic
lanes; two in each direction.

4 lanes were oreferred to two although the are more
By O
L

Way of type "D"™ has been decided upon by

than needed now. When the volume of traffic exceeds 2000

cars per day, more than two lanes should be used; and

simce three lanes are not considered safe, 4 lanes are used.

The theoraticel capacity of a lane is cealculated by the

following equation @

. _ 5280 V
N = {7v 721

—t

{ = the number of vehicles per hour

= the speed of vehicles in miles per hour

< <

+ 21 = the clearance between the cars and the
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length of one car.
V = 50 mph, the design speed
This equation gives the throtetical capacity of one

lane which amounts #@pproximately to 3000 cers per hour.

Actual traffic surveys were done in the States in the most

3
O

a-

ct
"

congested aree and it was found that the practical carg
¢city of a lane is 1500 paéssnaer cars per hour and with
10'% of freight traffic it is reduced to 950 cars.

Due to the absence of data about the traffic between
shtoura and Damascus a 2000 cars per day was assumed. This
assumption holds true for 15 years to come for nowadays in
peak hours there are only 50-60 cars per hour which makes
2 total of 700-880 cars per day. (this figure is an approx-
imation and on the saie side) The only justification for
making it 4 lanes is 1its importance as &n international

highway.

The increase in consumption of fuel and more wear
and tear due to interrupted traffic will diseppear in
the 4 lanes highway, but these savings won't equalize
the extra lst cost and depreciation. Another advantage
is thet more people would like to drive on it quickly
and safely and avoid accidents; and by having more traffic

the income of The roasd will increase.



Width of Lane

The minimuwn width of treffic lane depends upon the
width of the vehicles and the clearance between two of
them in motion.

he widest car is 2.45 méters; the minimum lateral
ki :
clearance between moving cars is 0.90 m. The curb stone

reduces the width of the pavement by 0.45 m,., and, an
o : :

b - _.,y - s . .. H i
allowance of 0,30 m., is given to primary highways; so

[ab)
6]

the total width of the lane becomes 3,65 meters and

that of the two one-direction lenes 7.25 meters.

Medien or DEwidingStrip::

The provision o median strip wes found to be nece-
ssary for the geparation of opposing traffic in adjecent -

lanes. Its function.alsc is to reduce the effiect of glare

-

and to give 2 nice loolk to the highweay. The minimum width

of median strip is 1.85 m. and used in type "E" because

in reducing the width of medien in that area much money

iy
is saved because the cut there is done all in rock. The

minimum width used there is 1.85 m. although 1.20 m, is

enough for physical separatiog. WNo left or U-turns are

allowed in 2ll types except type-"A" where the median

4

strip is wide enough,i.c. equal to the width of the

vehicle.
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lMedian strip's width in type "A" is 7.5 m, of
wheih 1.5 m. is & stebilized shoulder on each side. This
width is necessary because left turns are permitted in

this type so as to offer a good refuge for left turning.

m.

vehicles and avoid the rear end type of accidents which

is very common &t cr0851ng on highways. dg9g;gg"
median strip are llmlt »d to 7 meters to allow a passenger
car to turn with a spe;d'qf 20 mph. Unly two.sucﬂ open=
ings are allowed in the whole highway. Ih; lst is at &

© Kms, before the entrance of the tunnél from Shtoura, and
the second at 2 ﬁms.'lf ter.the entrance to the Sahra &
from Damascus. lnu reason of not-meaking them too frequent
is to control tha'kilomctars covered by cars on Tthe high-
way in order to fééilitate the total payment. Only in
median strip of type "A" trees 3ru.plantsd. And since

the climate is not favorable except in Baka'a for trees

to grow and their roots to reach down to the Watbr and
other parts of the highway is arid during 6-3 months of
the year, the other part_is'léft to nature, green in win;

hlar czre

{
ps

ter and dry in summer. Avergreen urr s.as Po
planted in BSeka's medien strip, Popler roots go deep

into the ground rnu do not spread more than 3-4 metsrs
and so do the leaves. In this way the road bed would

not be disturbed and enough sight clearence will still be
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available. In the Sahra, Poplar do not live; so a kind
.of tree called, in Arabic, "Miski" is planted. This tree
lives mostly on the humidity of the air amd is watered
Once every two menths.

In types "B,C,&F" the median strip is substituted
by'an elevation in the profile of the lanes. The mini-
mum difference in hdght of the longitudinal axes of the
two opposite direction lanes is 1.40 m., which ig the
elevation of the driver's eyes from a2 point 10 cms,
above the ground; so as to avoid the glare caused by

cars in opposite directions. (Fig.2)

The distance between the end of the inside shoulders
to the beginning of the other shoulders is variable de-
pending on the angle of repose of the soil in that region
and on the climate.

In types "G & H" the two direction lanes are sepa

=3
3

ped each going alone. The medien strip is in this

case a ridge. DBy doing this the cost of excavation and
filling is reduced too much. Instead of cutting in the
ﬁountains for a height of 20 meters on one side and filling
thefsam@ neignt or more on the other end of the road to

furnish a graded section of 30 meters, only a cut of 5 m,

is needed and likewise a fill of 12-15 meters.(Fig.4)



Crovn

Crown is needed to remove quickly the surface water
from the pavement so as not to cause any hazard to the
traffic. The normal crown decided upon is 1p% from the
longitudinal axis sloping towards the curb stone. This

crown is consistent and carried the same all through.

Shoulders

o

Shoulders are provided on both sides ol
way. dach is 3 meters wide and made up of stabiladzed

soil znd left without pevemsnt so &s not Lo encourage

—h

drivérs to drive on them. They have a slope of 5%
towards tne'ditches . Such a slope is made to eliminate
percolation of surface water and saturation of embank-
ment . Shoulders of 3 meters are made so as to take dis-
abled cars or gllow for temporary parking end at the same

time give a clearance of 60 cms. In type "A" an addition

es]

width of 1.75 m. is added to the shoulders without stabi-
lization. This additionel strip hes no function but 1t

3.3

adds rigidity to the embankment.

Curb stones are provided all along both sides of
pavements. They differ in height from 35 cms. in type

mg" and the £ill side of "B & C" to 15 cms. in type wE"
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where the subbase is rock. The height of curb stones

is governed by the height of subbase, base course, and
wearing course and an allowance of 2—3cmé. of embed-
ment in the subsoil to carry the horizontal thrust caused
by rolling. In type "E", curbs might be dispensed with.
Curb stones should be installed flush with the pavements,

inclined to the outside and made mountable.

N
ALTGHNIMGNT

Superelevation

On sharp curVes, one-way uniforn banked ground to
counteract the ccntfifugal force is used. This is called
superelevation,

L well-benked curve reduces the tendency of cars
to skid and increase comfort. FPercentage of superele~

ation depends upon the radius and yelocity. and is cal-

p AN e

culated by the use of empirical fommulae. Table bolow is

———— -

taken from 6ivil dngineering, Januar 1958 and gives
R =5 ) o

standerds:
Radius in ft. dadius in meters Superelevation %
300 - 500 5.0
500 - 750 4.0
3200 1000 3.0
3500 1100 2.8
4000 1200 2,2
4500 1360 1.8
5000 1500 1.5
5500 1650 1.3
6000 1350 1
6500 2000 1.0
7000-10,000 2150-3000 1.0
Uver 10,000 over 3000 None



Curves on Sntoura-Damascus

elevated as follows:
Curve No. Radius in meters

1300
2300
2000
Jver
2700
2000
1000

600
1200
Uver 3000

500

500

3000

W3O U bW RH

A section through a
shown in figure 5.

Sight Bistance

Pl
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Superelevation %
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typical superelevated curve is

Sight disgance, is the length of The road ahead of

the vehicle which is visible to the

t
safe stopping

imum sight distance is the
vehicle travelling at the desizned speed
and it is the sum of two distances;

during the reaction time

stopping distance

Minimum sigzht distance

f = Coefficient of friction

Substituting V = 60 mph , sight distance =

driver.

The min-
distance of tThe

of 60 mph.,

the distance travelled
of the driver, and the brake

and is expressed as follows:

, Ve
1.47 Vt 'I-ST?E-'

475 ©t = 145 m,
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Horizontal Curves

The sight distance along any horizontal curve in

generel is determined by the gpproximate formula:

m = the distance from the center line of &he road

way to the obstruction

R = the radius of the curve of the center line of
S = the sight distance along the center line of

the road way (as shown in Fig.6)

fhis formula is based on the aaumption that the

arc distence ACB is equal to the sum of the chord

Sight distances of the horizontal curves of Shtoura-
Damascus highway cannot be calculated due to the unknown
topography and lack of accuracy in the map.

Grades

Maximum grade of 5% was used only for a distance
of 2.5 Kms. at the entrance of the first tunnel from
Damascus. The minimum grade of 0.4 5 was used in type

E,

"AM ot Beka'a to allow for underdrainage.
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Vertical Curves

Comfort and safety require the use of vertical
curves to intersecting gredes having a rate of more than
0.5 % . The length of curves is determined by multiplying
the algebraic difference of grades by 50 meters.

Vertical Burve Hlo. Diff. in Grade X 50 = L in meters

2 BaO=Os7 = 4,5 220
3 3,5~0,7 = 2,8 140
4 2005, = 5.9 i

SHem., J

Curve No 3

qfig ¥

Widening of pavements and curves is not needed

because the shortest radius of curvature ig 500 meters.



Chapter V
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Embankments are constructed to transmit the live
loads to the subgrade, and are designed to prevent any
settlement in the roadway.

S0il stabilization of embankment is done in several
methods of which cement-soil hes proved to be the cheapest
and most successful. Chemicals are very expensive =nd
will not be considered. The eflect of stabilization is
to give good bonding, water proofing and ability to with-
stand the forees of weather, moisture and traffic« The

comparison between base coarse and stabilized base follows

in the coming chapter. The shoulders of pipe "A™ & "H"

o

are 20 cms. of stabilized soil containing 10 % of cement
by volume and compac
are made up of 12 cms. of water bond macadem and spread

with asphalt at the top.

On cut and fill slopes and on stabilized shoulders,

n

Bermuda grass is planted to prevent erosion. This grass

T

has proved to be the best of its kind to fit this

and climate.

£
i

50il1 smmples from the Beko'a were tested in Patch

¥

it

‘andalaft and showed that the constituent

pa
b=
o

11 by Mr. F.



are 17 4 sand, 57 % silt and 26 % clay with a specific
gravity of 2.7.
From experience and from the angle of repose of

this soil, which is one of the worst type of soils, it

o
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"icient but to encourage the orowth of vegetation a

= o

o

minimum slope of 4:1 was specified.
Embankment in Beka'a type ™A™ is the only dangerous
one and needs special study and tests. ihe width at the

bottom where it is in contact with the ground is 38 m.

as shown in figure 3. Such a soil has a high capillarity
so o coarse layer of finely crushed stones and sand mixed
together 45 cms. thick is laid first on the ground and
in which the two underdrains are embedded as shown 1

Figure 12. This layer reduces the capillary action of

water flowing in it for water will follow the lines of
least resistance and flow throuch the pipes and drain

to the sides. A 50 cms. of existing soil is brought

from the sides of the highway and added on top. This

new layer is compacted up ©o 88-96 % with ah optimum
moisture content of 17 % to attain the maximum possible
density. Capillarity now is reduced to a minimum, and
there is no fear of future settlement. Then another layer

i

of 30 cms. of sand or granular soil, taken from the



mountain near by, is spread over to prevent saturation
of the subgrade soil in contact with the subbase. Then
over this, the subbase, base coarse and wearing coarse
are laid. This will total up to a height of 1i5 m. from
the ground to the top of the wearing coarse.

o 3 o, o

In type ™B%C™ the embankment is made from the mat-

. 1 Pt

3 a Fad Tt o l\Wat s o A o " o 5 atda 417 a8 +*
erials of cuts. Notches are dug on steep side fills to

In type "E" the embankment is solid rock nothing

is added except a 7.5 cms. layer of wearing coarse.
The embankment of type "G™ is the same like that

of type ™B&C".

The embankment of type "H™ is ©

In general, embankments are made to keep the water
away as far as possible, preserve the subgrade from satu-
ration and furnish a smooth roadway surface comfortable

for driving.



Chapter VI
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The flexible type of pavement 1is used On Shtoura=-

Damascus hway because of the folluwing advantages
over the rigid
1. it is flexible and not affected by slight

i

jeflection due to the movement of heavils

€

5, less lzbor is involved.

%, no joints are needed.

5. no warping due to internal stresses oI blow ups.

6. no faultings and pumping failures.

7. reduction of transmitted pressure is effected
throush lateral distribution of the concentrated load
with depth and not by beam action.

8. no snow but only frost

o
{
=5

Thickness of slab ranges between 15-40 cms. and

tion is the same for both typess. The subbase is also

A
<
=
)
m
’__
®

3
g
b
wm
L

%, 4 kes./M.5. of steel reinforcement is used. ITransporta-



comparison of costs is

Cost/M.S. of rigid pavement

O 8- M. 0s of

Cost/1.S. of flexible

Llssume & cmsS. O

T

Der ;Ll@tf:‘];" SU.U(‘JL icial are assumed for

concrete costs

pavement

resring coarse

coarse and 30 cms, of subbase.

Costs as given by

Subbase (Blockage

(!D

llacadan
Rolling

Wearing coarse

Wearing coarse'5
Base coarse

Rolling

cost of cement in Syri

the Ministry ol

)

3. 2516
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Therefore, the total cost of rigid pavement will be twice
2s much as that of the other.
A comparison between subbase * base coarse and stabi-

o0&

s

lized e

w

o
=

AS

cement soil stabilizatio

made as follows.

has proved to be the

most economical in addition to its successful results, 1T

e ~ 4= -
taken as ste

ndard for comparison.

10% by volume of

cement is used and 20-%0 cms. of thickness; subbase{block-
age) is 25-30 cms. thick of local crushed stones;for
base coarse a 12 cms. thickness 1s used.

A square meter of stabilized soil consists of 0.2 M.C.
of soil plus cements which needs 0.5 bag of cement.

ss X 3.80 = L.L. 1.63 . To this 75 piasters 1is
added for mixing and rolling totalling up to 2.38 L.L.

0.25 cm. of blockage costs Q75

0.12 m. of base coarse costs 0D.38

Rolling 0.81

L. L. 1.88
. . the use of subbase and base course is still cheaper

on condition that the subbase is laid properly, the wide
base at the bottom and the pointed facing the top; go' that
under rolling the spaces at the top will be filled ith
crushed materials and moke a zood seald the bottom of ston
will be in good contact with the subgrade and transmit the

concentrated loads on wic
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sign of Flexible Favement.
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Flexible pavement consists O
coarse and wearing courses.
The sub

~rade is the natural soil on which the pave=

1
£
=

@

ment is to be built.

The subbase are used where indicated to provide pro-
srevent damage due to frost action, provide
intrusion of the subgrade, and increase the support of

the pavement.

Base course is used to distribute the loads to the

subbase, to resist shearing failure and to prevent con=

&

£

solidation under traffic.

The bituminous wearing course is used O furnish
nrotection to the bases used. It is a Dense Graded
Hot Mix surface and very well designed and compacted

and practically impervious and

cree of structural strength.
The desien of flexible pavement is done emperically

due to lack of methods by which the bearing capacity

of subgrade soil is determined.

3]

U

The following thicknesses are chosen paying due
consideration to low temperature and high rainfall

)

where the thickness of pavement is greater to fight
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agalmst frost action’ depth of water table to prevent
P R 4 e A e s T P an 4 s 5

wacver Irom rising by capillarity to the base course

o A - ST = .., & £ o arti 33 :
ana wearing course, surface and subsurface conditions,

and finally the amount of traffic anticipated.

-

A Dense-Graded Ho

cr

Mix of 7.5 cm. thickness is

used as a wearing course all through the highwav.
3 o P Ty o e . . = b B 5 y
ihls wearing course must contain from 4-7 % by

weight bitumen and the limits for

Fassing 25.4 mm. sieve %

Passing No. 4.78 sieve 50-70 %

Fassing No. 2.00 sieve 35=60 %
Fassing No. Q.42 sieve 20=40 %

o

A 12 cms. of macadam base of

average 5 cms. in diameter is used in all the highway

except in type "E™ where a base course is not needed.

A subbase of 30 cms. thickness is used in Beka'a

1 wA M o ey o s et e s
type "A™. The average cms. and placed flat
bottom in contact with

In type ™B&C™ a thickness of 25 c¢cms. is used. In

T ™ T o 4 o Ty T T i e o =12 :
type "E™ no subbase is used. In "F & G" the thickness

is 25 cms. and 30 cms. in type

oD

~



7.5%m. thick
Yotk

Wearing Course
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and 12 where the

On curves No.1l,;7:8,9,11

curvature is less than 200 meters, a 10 cums.

%

3
(0]
n
[0}
[V}
w

course is used. This is due to the torsional stre
d by wheel loads going at full speed on the curve.

cause
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APPEEDIX

The practicing engineers in charge of the Beirut-
Damagoug turnpike held a preliminary meeting on Tuesday
Mey 5 to disocuss the general financial patterns of thelr
project. All unit prices were analysed and final figures
were set as follows:-

Unit oost per

meter run
6 - Lane portiom of road ( Beirut-Bekaa') 100000 LL.
4 - Tane portion of road ( Beirut-Bekaa') 70000 LL.
4 - Lane bridge 1000000 LIL.
4 = Lane tunnels 500000 LL.
4 -~ lane portion of road (Bekea'-Damascus ) 47600 LL.

These costs are average figures and include
drainage structures, retaining walls, cost of expropria-
tion, and &11 other standard jtems which the road design
requires. They do not include engineering costs and
othor inoidental items. These unit prices were arrived
at after a careful brgaﬂagén.of the assumed figures
and are comparable to other gimilar projects' costs.

However, no exact prices can be specified for many un-

determinable factors are involved.



The total cost of the project based on the assumed

costs 18 as follows:-

Item Unit cost Quantity Total cost
in L. L. K'A’i. in I‘. LI
6 - Lane portion 100000 BAb 5500000

(Hazmieh-Jamhour)

4 - lane portion

(Jamhour-Rag-el-Harf 70000 10.3 7210000
4 - Lane bridge at exit
of first tunnel 1000000 0.2 2000000
4 = Tane tunnels
(Khabbaz) 500000 14.2 71000000
4 - Lane road
(Beksaa' - Damascus 417500 42.6 20200000
4 - ILane tunnels ,
{ Shabhar ) 6500000 13.2% 66300000
TOTAL R 172210000

Engineering ocosts are estimated as being 10% of the total
cost.

On the final meeting of practioing engineers
Balabanian, Khabbaz, Khuri and Shabhar, whioh was held
on May the 7 th., the financial study was given & final
congideration and the following decisions were unanimous-

ly arrived at: -

1 - The oconstructiongd of the projeoted highway
be a completely mechanized process. Thie wiil definetely
cut down the total cost of the projeot.



/i
2 - The total essumed cost of 190000000 L.L.

renders the projeoct unjustifiadble economically with the
present traffic intensity.

3 - Dependable and extensive traffic surveys

are necessary before issuing a £inal tolling scheme.

Since the assumed tunneling costs render the
proJect unfeasidle, the practicing engineers find 1t
neceegsary thet they consult a tunneling specialist be-
fore arriving at a final decision. A revision of the
tunneling costs by a congultant would clarify the pen-
d4ing economic problem further and put more light on the

possibility of a more economical relocation.

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

l - That the 5.5 kms. 6 - Lane portion of the
proposed highway between Hazmieh and Jamhour be cons-
tructed at the expense of the lebanese Public Works De-
partment and supervised and maintained'by the highway
authority. Since is Justifisble due to the fact that this
portion will be mainly used by summer resorts bound

traffic such ag Aley, Bhamdoun and adjoining erees.

2 = That the project be extended and ogarried

out as a Pan-drabian International Highway System where the



IV
Tunneling expenses of the projected road will be shared

by all concerned countries.

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

ter end leave the highway at each access point.

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

floated as follows: -

éu- 100000000 L.L. worth of stock will be issued
by the highway authority as collateral paper &nd floated
as fAekries "A" bonds. These bonds will be s0ld to banking
agencies and will received a guaranteed fixed interest
of 3%5. These bonds will mature in x 30 years from the
start of the highway's operation. This series will have
rriority until retirement against net re¥enues. If at
any instent the aoquired net revenues do not cover the
gervice charges of this series the concerned states
should make up the deficit from their national treasu~
rieg, or other national incomes since the project is &

gsource of wealth to the concerned nations.

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

These bonds will be sold to the concerned states, privete



\‘.f"

concerns, and individuals who wish to participate in the
projeot. These bonds will participate in the returns Qf
the project similar but subordinate to series "A" provie-
ded the net income 1s more then what i1s required to cover

the series "A" gervice charges.'

In ocase the returns are insufficient &ll x income
will be applied sgainst the series "A", the deficit should
be made up by the concerned stetes. 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 partly epplied

against the "A" series bondm expecting tlLeir retirement.

6 - An eguivelent of 10000 Beirut- Damascuss
vehiculer movements have to be achieved daily in order to
make the projeet economically feasible. This is based on

the 190,000,000, L.L . cost,

6 -~ The average daily trauffic of 10,000 Beirut-
DamascusE movenments or their equivalent is based on a
break - even yearly budget of 16,000,000 L.L. Thise

budget's breakdown is as follows:-



VI

ITEH Cost in L.L.

Yearly depreciation for 30 years 2,300,000
( sinking - fund )

Fixed interest on 100,000,000 L,L. 3,000,000

bonds at 3%

Interest on 90,000,000 L.L. shares 6,400,000

at 6%

Maintenance and other incidental ex- 3,8009000

penses ( 2% of total capital)

TOTAL 16,000,000

All the estimutes are subject to variations
eince they &re very rough ones based on factors wany
of wl ich &re undetermineble. The suggestions do not
recommend any particular administrative set up since
tkie reguire much more éﬁtensive studies that fall
oﬁtaide the scope of thies report. In this connection
and other corporate matters, useful informstion is
obtaineble through studies of the organizational patterns
of similar projects whioh have been executed such as the

New Gersey turnpike, and the Pennsylvania Turrpike.



L

S—

o
g
L
b
'\-I -
'
1
—r
3
i




[ "_-h
Ry

e
T
=

e

o '-ﬂ__"—'-r

Bl e 1 e

:'__

-

-




. . =] = .[ C o, = y
| | IS 2 ety (N
| |

W WL L D
N4 W el 5 Gl R

v ¥

I : '.'_' 1 . f : e L L S -Il——l-r'-—l- I-I.F -l.."—IIF.._-Hﬂ

I\ ! y ¥ '1"'?-"..“

Ty
Tin.
B3

b

-- r. o










[ ™

"N

— - a L e

Ll & .1.|Iru. -
o 1) e, &
-I .l_ k. b ..J..-...h“.. ._-__
- -] TR

————— - — =1
T i D T

L]
_M_

tH

ﬂ
L
LT
-
&
F
4
-
L B
L
L o
-

]
Ny




LIk

i

J)









	epsn-119-0020
	epsn-119-0021
	epsn-119-0022
	epsn-119-0023
	epsn-119-0024
	epsn-119-0025
	epsn-119-0026
	epsn-119-0027
	epsn-119-0028
	epsn-119-0029
	epsn-119-0030
	epsn-119-0031
	epsn-119-0032
	epsn-119-0033
	epsn-119-0034
	epsn-119-0035
	epsn-119-0036
	epsn-119-0037
	epsn-119-0038
	epsn-119-0039
	epsn-119-0040
	epsn-119-0041
	epsn-119-0042
	epsn-119-0043
	epsn-119-0044
	epsn-119-0045
	epsn-119-0046
	epsn-119-0047
	epsn-119-0048
	epsn-119-0049
	epsn-119-0050
	epsn-119-0051
	epsn-119-0052
	epsn-119-0053
	epsn-119-0054
	epsn-119-0055
	epsn-119-0056
	epsn-119-0057
	epsn-119-0058
	epsn-119-0059
	epsn-119-0060
	epsn-119-0061
	epsn-119-0062
	epsn-119-0063
	epsn-119-0064
	epsn-119-0065
	epsn-119-0066
	epsn-119-0067
	epsn-119-0068
	epsn-119-0069
	epsn-119-0070
	epsn-119-0071
	epsn-119-0072
	epsn-119-0073
	epsn-119-0074
	epsn-119-0075
	epsn-119-0076
	epsn-119-0077
	epsn-119-0078
	epsn-119-0079
	epsn-119-0080

