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Chapter 1
 

SUMMARY AND RECOMMENDATIONS
 

The Consultan'-s have analyzed the organizations that administer
 
the roads and road transport systems, the existing road infra
structure, the ongoing investments, the proposed construction
 
schedules, the maintenance funding levels, the transport in
dustry operations, the vehicle fleet composition, and the rules
 
and regulations which govern these. The analyses are based on
 
inspections of pertinent documents, discussions with respon
sible officials, visual inventories, and systematic surveys of
 
existing systems. Details of the investigations and findings
 
are provided in this volume. The following is a brief summary

of the findings and recommendations with references to the
 
section of the text where the details are provided.
 

1.1 NETWORK ANALYSIS
 

The Paved Network
 

The Syrian paved road network has expanded four-fold during the
 
past 20 years, doubling in length during the last 10 years
 
alone to its current length of 12,570 kilometers. An analysis
 
of the existing network, the investment plans, the proposed
 
construction schedule, and the maintenance funding levels show
 
that they appear to be adequate in scope but unlikely, to pro
vide for the fast, safe, and efficient transportation of people

and goods through the year 2000. The details of the analysis
 
leading to these conclusions 
identifiable deficiencies are 

and recommendations 
contained in Chapter 

to rectify 
3 and sum

marized below. 

- The estimated traffic is under 400 vehicles per day, 
approximately, on 42 percent of the paved secondary and ter
tiary roads and 11 percent of the primary roads. Roads in this 
traffic range require only a gravel surface and one traffic 
lane. Therefore these paved roads are over-designed for present
 
traffic.
 

- Virtually all of the paved road system, except Class A
 
roads, has a surface type that is equal to or better than the
 
type recommended for that particular class of road.
 

- Twenty-six percent of the primary and one-half c. the 
paved local roads are narrower than the standards normally ap
plied to similar traffic volumes. 
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- Eiqhty-three percent of the entire paved road network 
has, a fair or poor surface condition. Twenty-one percent, of all
 
roads need immediate reconditioning (resurfacing) and the re
mainder will require reconditioninq during the early years of
 
the next fiv:-year plan.
 

The preliminary conclusions drawn from these findings indicate
 
that: the construction of new paved roads is surpassing the
 
traffic dema.nd for all but very high volume roads; traffic on
 
4n percent of the existing paved roads is exceeding the capac
ity of these roads to move people and goods safely, quickly,
 
and efficiently; and deteriorated surface conditions on 83 per
cent of the roads are resulting in a loss of benefits to the
 
road users.
 

Unpaved Rural Roads
 

The Consultants also inventoried 30 percent of the estimated
 
5,200 kilometers of earth and gravel roads. Very low traffic
 
volumes were observed. In addition, the data indicate that aD
proximately 67 percent of the roads inventoried are wider than
 
the Consultants' recommended standard for this class 
of road
 
and 12.4 percent of the roads are more than standard. Forty
five percent of the roads are earth surfaced and should be up
graded to a gravel surface, and 24.5 percent are paved to a
 
higher standard than is justifi-d by present traffic volumes.
 

Most significant is the obvious lack of maintenance on these
 
roads: 95.5 percent have surfaces in fair to very poor con
dition. The existing rural roads and tracks are rather ex
tensive, but the neglect of maintenance is obvious on practi
cally all the network. In a number of instances, the de
terioration of roads has caused the villages to be partially
 
abandoned and the terraced fields fallowed.
 

1.2 INVESTMENT ANALYSIS
 

The Consultants evailuated 12 rail/road scenarios, and invest
ment recommenditions based the least cost
are on system
 
alternative Isco' Chapter 7, below). In summary, the following
 
conclusions have been drawn from the analysis.
 

- The prooosed highway tetterment program will yield high
 
economic benefits, regardless of rail operaLions.
 

- Recommended marginal cost pricing by 2000 for passenger
 
transport would result in substantial total system cost
 
savings.
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- The rail mode is more efficier~t than road, even when
double 
tracking of the Damascus-Aleppo 
line is involved, if
forecast rail efficiencies 
can be achieved.
 

5th Five-Year Development Plan
 

The paved road 
network for 1985 includes the present system
plus 23 
committed projects, 
the additlonal Hama-Saraqueb
riagew .y, and carthe ractakia-Ariha 
highway. 
Road investiints,
includi-"g the 
extensive road betterment program
cess roads, total SP and rural ac3 billion 
(see Table 7.5.1, Chapter 7).
addition, an In
estimated 90,000 new and replacement vehicles will
be required 
at a total cost of SP 8 
billion in foreign exchange (see Chapter 4).
 

1986-2000
 

Between 1986 and 
2000, three new primary roads have 
been found
to be feasible: Hama-Salemieh-Al Raqqa, the 
kleppo Bypass, and
Tadmur-Albu Kamal. The betterment program will continue, and an
estimated 
1,250 kilometers 
 of unpaved road will require upgrading to 
Class C paved standards and 2,670 kilometers of 
new
rural access roads will 
be built. Forecast investments total
SP 3.2 billion over 
te 15-year period 
(see Table 7.4.4, Chapter 7). Over the 10-year period 
new and additional vehicles
required will cost 
an estimated SP 44 billion.
 

User Charges
 

Depending 
on the Government 
policy regarding the import
automobiles, of
user charge revenues 
from 1981 to 
2000 are estimated 
to total between SP 16 
and 36 billion (Chapter 7, Sec
tion 7.6).
 

1.3 ROAD ENGINEERING
 

Design Standards
 

Tentative geometric design standards 
are recommended 
in Section
3.1. 
The design standards proposed specifically for Syrian
ditions were conselected from 
recommended 
international 
standards
and are considered 
the minimum acceptable

and for the fast, safe,
efficient operation of 
motor vehicles. The pavement design
methods currently being used a:e considered proper; however, it
is recommended 
that the adequacy 
of the design be verified by
soils material 
 survey , laboratory tests, and 
 axle load
studies. 
 In addition, 
 it is recommended 
tnat an immediate
evaluation 
be undertaken 
of the bitumen base designs
course
currently in with
use 
 a view towards the 
possibility
turning of reto a crushed granular aggregate base course where
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Ose i found to be p ( sevie.,4 sery a !e, e torv 
in and r eeco A road k1eacstrction proca!4 is .d" 


f jctontvptnqprogram in si4ppert of -dosiq aneac
 
is alao'recam*Med (soeection 2,3), 

Construction Practi-es,
 

A nuber of construvtion pra~!t~cs that are contrary to Syrian 
s4e ifleatloa4 h-ave ketvn observed. These~ *re disc esed in Seq
tiom 3.3, $uc practices have been allowed to go unchecked by 
the normal pr.qgp4 of construction inspection, The rules 
governing the rcsponsibility for construction inspection have 
cisiged number of times during the past few years and should 
be ciartie4 *A enforced. 

Maifttena-ee-


The preiminagry findings regarding road maintenance indicate 
that 'the funds allocated for maintenance are adequate to main
tain the road network but that the network is badly de
teriorated and cntinues to deteriorate at a faster than normal 
pace, The prelietinary conmustlmu are that the efficiency of 
the maintenance units must be improved significantly through 
training, that they are not adequately equipped or staffed to
maintain both local and primary roads, and that they need
 

greater technical support from the -Minist / of Communications 
and administrative support from all level,1 of Government, The
 
Consultants recommend an advisory services contract to help es
tablish one Mohafaga as a model rd maintenance training and 
production unit. Theae factors are discussed fn more detail in
 
Sections 2.1, 2.3, and 3.4.
 

1.4 ROAD TRANSPORT
 

Motor vehicle registrations have expanded four-fold during the
 
past 15 years. During this period, the number of passenger cars
 
has almost doubled, while the number o commercial freight
 
vehicles has expanded six-fold. In 1963, the vehicle ownership
 
per 1,000 persons was 4,.5 passenger cars versus 5.7 in 1*78.
 
For buses it was 0.37 versus 0.90, and for trucks 2.1 verisus3i2. Details are provided in Chapter 4.
 

Scrapping Rate and Vehicle Age
 

No scrapping rate has been established in Syria because vehicle
 
withdrawals are not recorded on the registration forms. When a
 
vehicle is withdrawn from circulation, the date should be noted
 
on the registration form. Thus, the vehicle age will be known,
 
an accurate scrapping rate could be established, and the actual
 
number of vehicles on' the road would be ascertained. This sub
ject is discussed in Section 4.2.
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Import Sta istics
 

Customs entry points sho d be required to manifest imported

vehicles by type, category, and class, At. present, import

statistics record vehicles only in total number, ttal weight,

and value, By disaggregating imported vehicles by type, axle
 
configuration, and unit, it would be feasible to know the age

of the fleet by type and the category of vehice, With such
 
data readily available, future forecasts of the vehicle fleet
 
could be made wjtho;t a series of assumptions. This' subject is
 
discu§sed further in Section 4,2,
 

Motor Vehicle Department
 

Statistical data on vehicle registration by Mohafaza should be
 
vaiable enatimely
... -,ass For exampl,. in- early h1980,the

Mohafaza vehicle registrations for the years'978and l979-were
 
not yet finalized let alone available for printing by the
 
Central Bureau of Statistics, It is recommended that each
 
Mohafaza report registration change every three months rather
 
than waiting until the end of the year. By having regional reg
istration statistics available on a timely basis, planning

(based on existing trends) and forecasting could be signifi
cantly improved and the computer planning programs would have
 
essential input i n forgjmation, See Section 4.2 for more details.
 

Vehicle Operating Costs
 

The methodology used to develop vehicle operating costs is
 
provided in Chapter 6. It is a Delta L cost development method,

which translates STET data into a linear measure reflecting the
 
cost of operating typical vehicles over local pavement types

and through various terrain conditions and geometric design

charaoteristics. The periodic updating of these data is rec
ommended to serve as a continuing, effective, and useful tool
 
for the Government in future planning for economic development

in the transport sector.
 

1.5 ORGANIZATION AND COORDINATION
 

Decentralization of responsibility for 
the road network has
 
been underway since 1975 and has undergone many changes in the
 
process. The three areas of planning, budgeting, and technical
 
guidance continue to be problem areas that require further re
organization.
 

Planning
 

Planning is fragmented between the primary and local road net
work even within the State Planning Commission. These networks
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should be integrated. The background for this problem is dis

cussed in Section 2.1.
 

Budgets
 

The road network allocations are similarly fragmented. A
 
Mohafaza Directorate of Communications may receive funds in six
 
separate categocies from four different sources. The funds are
 
allocated by project by the central Government. \ rationaliza
tion of the budgeting systems seems to he in order.
 

Technical Guidance
 

The Mohafaza Directorates of Communications have been directed
 
to organize separate units for the primary and local roads
 
located within each Mohafaza. Furthermore, they are supposed to
 
receive technical guidance from the Ministr-y of Communications.
 
To date, there are no separate units and apparently very little
 
technical direction. The division of responsibility seems both
 
uneconomical and impractical, while the need for technical
 
quidance is absolutely essential. This situation is discussed
 
in Section 2.1, which recommends that all road responsibilities
 
be recentralized in the MOC, with the Mohafaza administrations
 
and the Ministry of Local Administration participating in the
 
budget and planning process.
 

Organization and Staffing
 

The Ministry of Communications has had a large number of posi
tions unfilled, and those that are filled result in a skewed
 
distribution within the Ministry. In addition, the Ministry is
 
overorganized; i.e., there are an excessive. number of orgarni
zational units. These facts, coupled with the Ministry's
 
changinq overall role, have contributed to a situation in which
 
the oe facto functions of some MOC directorates varies greatly
 
from their prescribed functions. A proposed alternative organi
zation, with functions divided among four Deputy Ministers, is
 
discussed in Section 2.2.
 

1-6
 



CHAPTER 2
 

ORGANIZATION 



Chapter 2
 

ORGANIZATION
 

2.1 GENERA[, 

Backq round 

Followinq the creation of 
the Ministry of Transport in 1974 and

in reroqnition of 
the newly created administrative units at the
Mohafaza level, the Ministry of Communications (MOC) was reorganized on July by Decree9 1975 Number 1832/T. This decree 
prov ded for the transfer of the Directorates of Communications 
in the Mohafazat to the local Government to be administered atth2 national level by t-h Ministry of Local Administration
(MrA) through the local Mohafez. 1 The new local directorates, 
under the MIA, were to be responsible for the "local" road network, while the MOC retained authority over the "main" road
network. 
The decree defined the main road network as comprising

"the set of roads that serve public transport between Mohafazat
and the roads that link the country to neighborina countries."
The ionit, (f the main network was estimated to be 4 qOO kilo
iflet',r<. 'hTr ()cal road network included all other roads ex
cWPt those within the administrative limits of the 
mu nici palit ips.2 

"Ph- (-i(reoo provided for a transition period, not to extend
heyond 1 December 1976, during which the Mohafaza directorates 
were to retain responsibility for supervision of the affairs of
the main network until a separation of responsibilities could
he clearly defined. In May 1976 this separation of responsi
hility was described in detail 
and codified in a study entitled

"D)istribution of Functions and Responsibilities between the
Ministry of Communications and the Ministry of 
Local Adminis
tration after the Issuance of the Local Administration Law."
The study specified the number of personnel to be provided to
 

In March 1979 the Ftoms Commurications Directorate was merged
into the Technical Services Directorate as an experimental 
test.
 

2The term "main network" corresponds to the Consultants' 
classification of "primary" roads with a current inventory of
3,930 kilometer. The term "local network" includes the Consultants' classifications of "secondary" and 
"tertiary" roads.

In this section of the report the 
terms main network and local
 
network are retained.
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the Mohafaza 	directorates from the MOC and the MLA. It also
 

the MOC and its five regional maintenance centers
provided that 

should be responsible for all aspects of the main network. For
 

the local network the MOC was to be responsible for:
 

- general policy for developing the network,
 

- coordination among Mohafazat with regard to long-term 

and annual plans and programs, 

- rules and procedures for the study and maintenance of 

the local road netwotk,
 

- helping the Mohafazat establish laboratories and train 

personnel, and providing technical advice and assistance, 

- exercising 	technical supervision and quality control.
 

reliable MOC officials these responsibilities areAccording to 

yet to he assumed and carried out.
 

In contrast, and in apparent conflict, the Mohafazat, under the
 

supervision of the MLA, were assigned responsibility for:
 

- preparing the five-year and local plins "consistent 

with the planning regulations in the state," 

- preparing designs for the local road network and the 

execution of projects, 

- routine, periodic, and emergency maintenance and spot 

improvements. 

A further major fragmentation of responsibility for road
 

maintenance took place in September 1978. By decision of the
 

Prime Minister (Decision No. 306 of 16 September 1978) the re

gional offices of the MOC at Lattakia, Aleppo, lama, and Homs
 
Construction
were transferred to the General Company for Road 


transferred to the
(RODCO) and the southern regional office was 


Kassioun Mountain Company. The transfers included all person-

RODCO and Kassioun responnel, equipment, and funds and made 

sible foc construction of service roads and for periodic main

tenance involving a concrete-bitumen coat of more than 10 kilo

meters. "Quick maintenance" of main roads was assigned to the 

respective Mohafaza Communications Directorates. This was
 

followed in May 1979 by the MOC's Organizational Instruction 

No. 6425/16. This instruction provides that the Mohafaza direc

torates, under the supervision of the MOC, will exercise func

tions and authorities over the main road network, including 

preparation and execution of maintenance programs and projects,
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expropriation of and
land, control of encroachments of the

rights-of-way. 
 A separate department was to be established in

each Mohafaza directorate to perform these functions and addi
tional pe;rsonnel were to be provideJ. (As of December 
Mohafazla has estahlished 

1979 no 
such a separate department.) Funding 

was to he provided by the MOC and the instruction stipulates
,;pecif ic controls and teports on funds, hid awards, and proq

rs piavwent accountinq. 

The proce;s of decentralizino and fraqmentinq responsibilities
formerly concentrated in the MOC has created serious gaps and 
conflicts in the construction and maintenance of the road net
work in Syria. They result in part from the underlying assump
tion that the road network is readily divisible into main and
local networks, part nature of thein from the decisions them
selves and in part from the execution, or lack of execution, of 
tho decisions. The main problems are highlighted in the
 
Fo] lowinq subsections.
 

Program and Budget 

By definition, a road network is an interconnected whole and 
parts of it cannot be planned separately. For example, the eco
nomic at(,rnativo to a proposed improvement of 
a main road link


,1y Im, to lplgrade an adjoininq secondary road to attract short 
1,,kil trll I i away from the main road. Similarly, basic data,
such '-, f1a I ic counts, must be collected on an integrated
lbasi; for th, network as a whole. 

Undor the present organizational arrangements, this kind of 
integrated programming take
cannot place without the Ministry

of Finance (MOF) and the State Planning Commission (SPC). The
 
MOC is responsible for programming the 
main roads, while
 
short- and long-term programming of all other roads are 
the
 
responsibility of the Mohafazat. 
The review of the local road
 
programs and budgets at the center js conducted by the MLA,
MOF, and SPC. The MOC is not a part.icipant in this process.
Although it is charged with coordinating long-term and annual 
plans among the Mohafazat, it does not have the means to do so.Moreover, the division between 
the main and local road network
 
planninq also 
occurs within the State Planning Commission.
 
(This is analyzed more fully in Volume VII.)
 

The division of responsibility is also reflected in the budget 
proces. A Mohafaza Directorate of Communications may receive 
road funds in six separate categories from four differe.,t 
sources. All of these funds are budgeted and allocated from the 
central Government by project, and a Mohafaza notdoes have
authority to transfer funds 
from one project to another without
 
central Government approval.
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In addition, as discussed in Chapter 3, there is a need to 
further cateqorize road work. Currently, all road work is 
classified as either construction or maintenance. It would be 
advantaqeous in planning, scheduling, budgeting, controlling 
funds, and specifying contractual work to categorize work as 
construction, maintenance, or betterment upgrading and reha
bilitation. This system applies to all categories of roads. 

There is also some evidence that maintenance of local roads is
 
being underfunded, possibly due to the diversion of funds
 
budgeted for maintenance to upgrading of new construction (see
 
Section 3.4, Chapter 3).
 

Technical Direction for Local Roads
 

When responsibility for local roads was assigned to the
 
Mohafazat, a clear distinction was drawn between the admin
istrative (including planning and budgeting) control to be
 
exercised by the MLA and the technical direction and assistance
 
to be provided by the MOC. In practice, there is almost no
 
technical direction or assistance for local roads. The MOC's
 
Directorate of Road and Bridge Design is concentrating its
 
limited resources on feasibility studies and design and super
vision of main roads, principally those involving foreign
 
assistance funds. Similarly, the Directorate of Road and Bridge
 
Construction and Maintenance concentrates on the main road net
work. Only in equipment maintenance and repair is the MOC cur
rently providing technical guidance and assistance to the
 
Mohafaza directorates.
 

The MLA does not have the technical capability to fill the
 
void. The result is the application of different construction
 
methods and standards, even under similar conditions, and a
 
substandard quality of local road construction that is com
pounding maintenance costs and problems.
 

Technical Direction for Main Roads
 

If the recent assignment of responsibility for maintenance of 
main roads to the Mohafaza directorates results in the creation 
of main road departments in each of them, the MOC, which is to 
supervise them, will have the means for technical control. 
Whether this proves true in practice remains to be seen, but 
the experience with the local network is not promising. More
over, the orqanizational separation of main road and local road 
maintenance at the Mohafaza level does not appear to be econom
ical or practical. The supervisors, crews, and equipment for 
both are interchangeable arj should be used that way. They 
should be scheduled to do the current year's maintenance work 
in the most efficient way, without distinction as to the clas
sification of the road to be repaired. 
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The Role of Local Administration
 

The concept in Decree 1832/T of changing the Mohafaza Communi
cations Directorates from field branches of the MOC to elemcnts
 
of the local administration operating under the general policy 
quidance of the central Government is an attractive one, but in 
pr-ictice it has not been operational. L:ach Mohafez has more say 
over locial ra-d construction and ma intoteance , but basically the 
Commi n 1 ca t i )ns Directorates have meelI y changed from a i ld 
branch of the MOC to a field branch of the MLA. If the preposed 
ma in roaLd departments are implemented, they will be branches of 
bo t h. 

The Organizational Alternative
 

The problems of varying standards and construction methods and
 
inadequate road maintenance are discussed in detail in Chap
ter 3 below. In large part they have their roots in the failure
 
of the way the present organization does or does not function.
 
There are three apparent organizational alternatives that
 
should be considered.
 

- establishment of a technical capability in the MLA and 
the transfer of technical responsibility for local roads to
 
that organization, 

- ma intenance of the present organizational division, 
erhap.; st renq1thoninq the MOC's technical role, 

r(,centralization of responsibility for road construc
tion, riprovement, and maintenance in the MOC. 

The first alternative is very unattractive. The Directorates of
 
Communications and the MOC are already short of qualified (:ech
nical personnel and these shortages pervade the transport
 
sector. Diluting these scarce personnel resources further can
not be justified. Moreover, this alternative is not in keeping
 
with the concept of managing a road network as a whole. Deci
sions on construction, improvement, and maintenanc,- should be
 
based on the type and amount of traffic roads carry, not on an
 
arbitrary division between national and local roads.
 

There is no theoretical reason why the present organizational 
arrangement should not work. Organizational separation of tech
nical and administrative responsibilities are not uncommon 
around the world, but the present arrangement is not working. 
The MOC is not issuing policy and technical guidance nor re
viewing proposed projects to be certain that they conform with 
the standards set. (By policy guidance, the Consultants mean 
definitive guidance, such as specific traffic thresholds for 
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upgrading roads to set standards.) Nor is there any apparent
 
situation.
orqanizational change that would remedy this Ade

quate authority and responsibility exist and are not being
 

exercised.
 

The Consultants conclude that the present division of technical
 
cannot work effectively in
and administrative responsibility 


Syria as long as Government agencies remain as strongly cen
present. The kind of day-to-day directralized as they are at 


tion required to set and enforce standiards would have to take
 

place below the ministerial level, and inter-Ministry dealings
 

at such subordinate levels are not practical in the present
 
administrative climate.
 

Thus the preferred alternative and the one recommended by the
 

Consultants is to recentralize responsibility for the planning,
 

budgeting, and technical supervision for construction, improve

ment, and maintenance of all roads in the Ministry of Communi-

MOC to manage the
ca ions. This recentralization will allow the 


network as an integrated whole; enable the MOC to create the
 

systems for collecting and analyzing the data required for such
 

manaqement; and enhance the MOC's capability to attract, train,
 
that are required.
and retain the qualified personnel 


The major disadvantage of this alternative is that it dimin

ishes the role of the local administration authorities. To
 

minimize this, the Consultants recommend that road plans and
 

budgets for each Mohafaza be submitted to the Mohafez for re
submitted to
view and comment, but not change, before they are 


the Ministry of Communications. A committee, under the chair

manship of the MOC, should review all five-year and annual road
 

plans and budgets. In addition to representatives of the Minis

try of Finance and the State Planning Commission, the committee
 

should include a representative of the Ministry of Local Admin

istration to ensure that Mohafaza ir.terests and the comments of
 

each Mohafez are fully considered in the review process.
 

2.2 MINISTRY OF COMMUNICATIONS ORGANIZATION
 

The Present Organization
 

re-
The Ministry of Communications (MOC) has overall national 


sponsibility for telecommunications and postal services in
 

addition to its responsibility for roads. However, the MOC's
 
to its
internal organization structure is directed entirely 


road responsibilities. The formal organization structure is
 

shown down to the department level in Figure 2.2.1. (This chart
 

does not show the General Organization for Telecommunications
 
, both of which report directly
or the General Post Organizatio 


to the Minister.) There are 12 separate directorates reporting
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to the Minis r. The Consultants consider this to be an exces
not
sive span of control, but the fact that Figure 2.2.1 does 


show sections conceals the real extent of overorganization in
 

the MOC.
 

As of early December 1979, the number of separate organiza
tional units was greater than the actual number of Mouazafeen
 
personnel. If Mouazafeen and Mustakhdameen personnel are both
 

counted, then the MOC had 2.2 persons per organizational unit.
 
This overoiganization also shows itself in statements of func
rions for the various units that exceed their capabilities or
 

crw ir current operations and thus have limited utility as a
 
basis for managing the Ministry. In 1979, with 41 percent of
 

the Mouazafeen positions fiil2d, the distribution among the
 

directorates was very skewed. The two major operating direc
toratps, Road and Bridge Design and Road and Bridge Construc
tiorn and Maintenance, had 66 percent of Mouazafeen positions
 
filled, compared to 25 percent for the remaining directorates.
 
The distribution also differed between non-engineer and engi

neer positions, with 71 percent of the engineer positions
 
filled as of June 1979. This distribution probably results from
 

for the Governthe requirement that engineers work five years 

ment and from the special pay provisions for engineers.
 

The MOC does not have an effective personnel system. Responsi
bility for Mouazafeen and Mustakhdameen personnel is separated
 

from that for Omal. Job descriptions and performance standards
 
do not exist. However, before an effective system could be
 

installed the organization would have to be consolidated and
 

functions delineated to reflect the present situation and
 
reasonable expectations for the future.
 

limited number of personnel, their skewed distribution
The 

within the organization, the overorganization of the MOC, and
 

its changing overall role have contributed to a situation in
 
de functions directorates vary
which the facto of some MOC 


greatly from their prescribed functions. These differences were
 
the Final Phase I Redescribed in Section 2.2 of Volume IV of 


port.
 

The Proposed Organization
 

are
The number of directorates, departments, and sections that 


established within an organization depends not only on the
 

number of functions required to support the operations, but
 

also on the relative importance of the functions at any given
 

period of time, the volume of workload, and the number of em

ployees needed or available to accomplish the work and fulfill
 
the needs. The Consultants' proposed organization for the MOT,
 

shown in Figure 2.2.2, has been developed in this context. It
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is based on the assumption that the responsibility for con

struction, mprovement, and maintenance of roads will be re

,mended in Section 2.1 above.centralized in the MOC, as recc 

The orglanizaticn is an ultimate organization to o,--achieved 

over time, as staff and growing importance of functions permit. 

For example, the proposed organization shows a Management
 

Information Systems Directorate. If the MOC is to discharge its
 
to collect,
responsibilities it must develop the capability 


volumes of data covering such subject
analyze, and use large 

areas as original road design, inventories of existing roads,
 

the MOC could also realize significant
and traffic. Potentially 

use computers support accounting,
benefits 	from the of in of 


In time the systems can be
budgeting, and inventory control. 

and the computer used to maintain personnel records,developed 


MOC payroll, equipment maintenance records, and cost account

ing.
 

As the MOC moves toward this type of utilization of data
 

Management Information System Directorprocessing equipment a 

the MOC 	has not used its
ate will be justified. However, 


in past 	 recently
Hewli1:t Packard computer the and has only 

to the Planning ana Statistransferred the computer function 


tics Directorate, where work is underway to begin to utilize
 
be
present computer capability. This arrangement should not
the 


changed now. As utilization increases, and after a detailed
 

study of long-term needs, consideration should be given to
 

the Management Systems Information Directorate.
activating 


In order to reduce the Minister's span of control and improve
 
the functions,
the coordinated management of Ministry's the
 

that following four positions be
Consultants recommend the 


created:
 

- Assistant Minister for Post and Telecommunications,
 
- Assistant Minister for Administration and Finance,
 
- Assistant Minister for Planning and Training,
 
- Assistant Minister for Road Affairs.
 

under the recommended As-

The grouping of responsibilities 

sistant Minister positions is shown in Figure 2.2.2. The major
 

grouped under the Assistant Minister
are 

be Chief Engineer. In


operating functions 

for Road 	Affairs, who would also the 


that the 	Mohafaza Directorates
keeping with the recommendation 

Ccnminiof Communications be reassigned to the Ministry of 


cations they would be responsible to the Minister through the
 

for Road Affairs. Considering the extent of
Assistant Minister 

the area, 	which includes the thirteen Mohafazat, it is proposed
 

District Coordinator positions be established in the
that two 

central office to provide support, direction, and continuity to
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the Mohafaza operations. One District Coordinator would be
 
responsible for the northern section of the country and the
 
other would have responsibility for the southern section. As
 
shown in Figure 2.2.2 the Northern District would include the
 
Lattakia, Hama, Idleb, Al Raqqa, Deir Ez Zor, Al Hassakeh, and
 
Aleppo Mnhafazat. The Southern District would encompass the
 
Damascus, Dera'a, Al Suweida, Homs, Tartous, and Quneitra
 
Mohafazat.
 

The District Coordinators, Assistant Chief Engineers, will be
 
responsible for coordinating the activities between Mohafaza
 
Directorates of Communications; ensuring that the policies and
 
directives are being followed and that standards and speci
fications are being Edhered to; and providing technical support
 
to the V i.ihfcdt directorates.
 

Although tne Directorates of Communications are under the
 
direct administration cf the Assistant Minister for Road
 
Affairs, there is a need to recognize the interorganizational
 
relationships. The directorates' financiE.l, legal, training,
 
and planning activities will receive the direction in system,
 
procedures, and policy from their respective counterpart orga
nizations at the central ministry level cf the organizations.
 

The Assistant Minister for Planning and Training will be re
sponsible for long-range planning; the analysis and compilation
 
of the five-year road plan; preparation of the annual projects
 
and programs of work; research and evaluation of the technology
 
and advancements made in road transportation; liaison with
 
foreign investment sources; and arranging the training neces
sary to keep experienced personnel abreast of advancements in
 
technology and to provide personnel with the knowledge and
 
skills required within the organization. The importance of and
 
needs for training are discussed in Section 2.3 below.
 

The Assistant Minister for Administration and Finance should be
 
responsiblK for all financial functions, legal functions, and
 
central administrative support activities. In addition, it is
 
recommended that an organizational unit be set up to undertake
 
studies and analysis of management systems and procedures for
 
the purpose of developing and implementing improved information
 
systems and administrative controls. The proposed Management
 
Information Systems Directorate has been discussed earlier. The
 
duties and responsibilities within the span of control of the
 
Administration and Financial Division are appropriately
 
assigned to and executed by Financial, Legal, Central Adminis
trative, and Management Directorates and the future Management
 
Information Systems Directorate.
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2.3 TRAINING AND ADVISORY SFVICES 

Road Maintenance 

The Consultants recommend that the efficiency of the road main
tenance proruam be improved through the training of all levels 
of Government personnel involved in the process. What is needed
 
is a set of comprehensive standards and procedures covering all
 
aspects of road maintenance, including:
 

- annual work planning,
 
- work scheduling, 
- supervisi-n of operations,
 
- procedures of road maintenance operations,
 
- inspection , 
- equipment allocation,
 
- equipment maintenance and repair,
 
- inventory ccitrol,
 
- records system.
 

These stanciards are necessary to ensure consistent high quality 
work and to eliminate present variations in both work level and 
quality among the Mohafazat. 

Development of such standards/procedures and their implementa
tion in the Mohafazat requires an expanded road maintenance 
training program. The Ministry of Communications (MOC) has the
 
nucleus of an adequate training capability already in existence
 
in its Directorate of Training and Qualifying. No changes in 
responsibilities of this directorate are required to allow it 
to perform its overall training function. The current. need is 
to expand the existing capability of the directorate to meet 
its responsibilities and, by doing so, help solve the problem 
of poor road maintenance.
 

The MOC's Vocational Training Center at Dwair, near Damascus, 
is modern and well equipped and has a small but competent 
staff. Supported by the International Labor Organization, the 
training center is already conductirig middle level skills and 
forei -n training for mechanical and electromechanical mainte
nance and repair of equipment. The center also conducts a short 
course in road maintenanc2 practices. At present this facility 
is underutilized, although road construction companies are be
ginninq to send trainces for skill upgrading.
 

The nucleus of an effective and coordinated road maintenance 
traininq proaram already exists within the Ministry of Com
munications. A logical solution to the problem of poor quality 
and lack of standards of road maintenance in the Mohafazat, 
taking into account this existing capability, is to develop one 
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Mohafaza as a pilot or model 
road maintenance Training and
 
Production Unit (TPU).
 

The TPU 
would consist of a fully-equipped and self-sufficient
 
road maintenance organization in one Mohafaza 
that ic capable

of work planning, scheduling, and administration and would con
duct actual road maintenance operations assigned to it. It
 
wojld also have its own administrative staff and budget and the
 
necessary facilities and equipment. It 
could do routine mainte
nance 
on its own road imaintenance equipment and would 
 have a

small stock of parts and materials for servicing and minor re
pairs.
 

The TPU would also be staffed, however, to conduct 
training in

all aspects of road maintenance. Most of this training would be

on-the-job. However, 
it would be supplemented by well-planned

classroom work. Instructors would be carefully chosen persons

qualified 
in each aspect of road maintenance who have received
 
additional training as trainers.
 

This TPU would he assigned the same network of roads to main
tain as a production Mohafaza; however, its time schedule for
 
operations would necessarily be longer than for the normal
 
production unit. Costs of maintenance per kilometer would also

be higher. Both actions would 
be necessary to ensure that the
 
roads in the TPU were adequately maintained.
 

The TPU, once it was functioning after training its own 
staff,

would continue to train Mohafaza personnel in modern methods of
 
road maintenance. These trainees would then transfer 
to other

Mohafazat. Alternatively, personnel already 
in the other Moha
fazat who require upgrading would be rotated into the TPU.
 

This combination of training and production is 
less costly than

training done separately. It is also particularly effective
 
because it is done in the work
actual environment under the
 
supervison of highly qualified instructors.
 

Implementation of such 
a TPU will not be a simple process when
 
qualified staff are in as limited supply as 
they are in Syria.

The Consultants recommend that 
a small advisory team of experts

be obtained via a technical assistance program to help the MOC
 
set up the unit and implement the program.
 

Terms of Reference
 

The Terms of Reference of this advisory 
team would include:
 

- development of a detailed plan for the TPU jointly with
 
the MOC's Training and Qualifying Directorate, the Road Mainte
nance Directorate, and a selected Mohafaza,
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- appraisal of existing skills in tre selected Mohafaza 
and Vocational Training Center and preparation of job descrip
tions for needced] TPU sunport in terms of qualified production 
experts/trainees, 

- trbining of selected Syrian instructors using the same 
approach as will be used when the snit is fully activated, 

- development, of road mairtenance traininq materials, 
technical manuals, and syllabi in cooperation with the Voca
tional Training Center, 

- preparation of a Road Maintenance Manual containing 
standards and guidelines for planning, supervising, and con
ducting road maintcna7 .;ork, 

- pilot road maintenance train i ng/production operations 
using standard gaidelines developed jointly with the Road
 
Maintpnance Directorate, 

- development of improved cost accounting procedures for 
the road maintenance function so that costs can be related to 
work elements, 

- a series of seminars in the Ministry and Mohafazat to 
explain the objectives of the TPU and plans for future oper
ations, 

- development of a recruitment plan for additional 
trainees and identification of future candidates for instructor 
positions, 

- ensurance by the end of the support period that the TPU 
is an on-going and institutionalized entity capable of continu
ing without further external assistance.
 

The Advisory '?eam 

The proposed advisory team would consist of road maintenance 
experts with the following skills: 

- management/planning/scheduling,
 

- t-aining (both classroom and on-the-job),
 

- implemerntation of work plans (foreman level), 

- supervision and inspection (foreman level),
 

- road eqpipment scheduling, maintenance, and repair,
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- spare parts management and control,
 

- cost accounting and budgeting,
 

- road equipment requirements (type, sufficiency, pro
curement specifications). 

The team project manager should arrive four months before the
 
rest of the team to plan and set up the overall program. During
 
this period he should:
 

- schedule the advisory team,
 

- select the Mohafaza most appropriate for cooperation 
with the MOC, 

- select counterparts in cooperation with the MOC,
 

- develop a detailed operational plan,
 

- develop equipment and supply requirements.
 

The project manager for this effort of setting up a prototype
 
TPU should have at least 15 years experience in all aspects of
 
highway engineering and road maintenance, from overall planning
 
to actual operations. He should also be knowledgeable in the
 
use, maintenance, and repair of road equipment. A civil or
 
mechanical engineering degree is required. At least six years
 
of road maintenance experience in developing countries would be
 
mandatory. Knowledge of Arabic would be desirable.
 

Staffing Schedule
 

Figure 2.3.1 shows a tentative manning schedule for these
 
advisory services. It is estimated that once the team is mobi
lized it will take two years to develop the entire program and
 
fully implement it in the chosen Mohafaza. Total man-months are
 
estimated to be about 150, allocated as shown in Figure 2.3.1.
 

The exact composition of the team may necessarily be adjusted
 
depending upon the qualifications of its staff and specific job
 
needs. In particular, some of the work of the short-term spe
cialists could be handled by a long-term team member who was
 
qualified in the particular specialty.
 

It is also important to note that each team member will be
 
chosen on the basis of both his technical ability as well as
 
hs ability to tutor his assigned counterparts. Each should
 
have experience in on-the-job training. The counterparts should
 
be carefully selected from the MOC and the Mohafazat and must
 
be committed to carry on the work after the team leaves.
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Applied Road Design and Construction
 

The Consultants have found considerable variation in road de
sign and construction practices in the various Mohafazat. Each
 
Mohafaza or road construction company appears to set its own
 
standards. Most claim to use the American Association of State
 
Highways Officals (AASHO) standards as a guideline but often
 
modify them to fit their own situation without adequate test
ing, materials analysis, or other necessary adjustments for
 
altered conditions.
 

The following examples of poor design or construction were
 
identified by the Consultants. They demonstrate the various
 
types of problems that could be corrected by national standards
 
and proper controls:
 

- Not enough attention is paid during the design phase of
 
a road to investigation of subsoil characteristics with and
 
without their relationships to available construction material.
 

- Designs are not necessarily changed although local
 
materials may not be those specified by AASHO.
 

- Improper material is placed in embankments.
 

- Compaction of embankment fills and subbase and base 
course lifts is often inadequate. 

- A high type of pavement surface is used on roads with 
little or no data on vehicle counts or projections of traffic 
on those roads. 

- Completely distressed roads are resurfaced without
 
proper repairs and preparations.
 

It is therefore recommended that the services of a road and
 
bridge design and construction expert be obtained to further
 
evaluate existing desiqn and construction procedures and to
 
prepare recommendations covering the following:
 

- standards and procedures for road design based on
 
Syria's environment,
 

- a road and bridge design manual that takes into account
 

terrain and use of local materials,
 

- a standard construction practice manual,
 

- a training program to educate road and bridge con
struction engineers in applied engineering problems,
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- if required, preparation of the Terms of Reference for 
an advisory services program to accomplish the above.
 

One expect in road and bridge design and construction should be
 
able to conduct this preliminary study in about 10-12 man
months.
 

The expert should be a graduate civil engineer with at least 15
 
years experience in all aspects of road and bridge design and
 
construction. He should be familiar with road inventory
 
methods, the analysis of deflection measurements, and how these
 
data influence design. He should be familiar with construction
 
techniques and practices as they relate to varying terrain,
 
subsoil, and climate factors. He should have experience in
 
developing countries and a demonstrated capability to work
 
effectively with national counterparts. Knowledge of Arabic
 
would be a favorable factor.
 

Road Deflection Measurements of the Syrian Road Network
 

Section 3.2 of this volume describes the variation in quality
 
and design that exists among different Mohafazat. It also notes
 
the overall conditions of the road network based on visual
 
inventory. This inventory elucidated, in part, the followiag
 
critical points:
 

- Ninety percent of the entire network is in fair or poor
 
condition based on recommended standards.
 

- Twenty-five percent of the network needs immediate 
reconditioning. 

- Seventy percent of the primary roads are substandard. 
In particular those roads with high average daily traffic (ADT) 
are poor. 

- Fifty percent of all secondary and tertiary roads are 
also substandard by recommended criteria. 

- Plastic deformation exists in numerous links due to 
improper design or construction. 

Specifically, improper drainage and poorly placed and compacted
 
material in fills, subbase, and subgrade are major causes.
 

This road inventory data have been computerized and, along with
 
the average daily traffic (ADT) for each link and Mohafaza, are
 
readily retrievable from the Consultants' inventory and traffic
 
count programs.
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Data on road deflection throughout the entire Syrian primary
 
ne 4ork, coupled with sampling measurements of secondary and
 
tertiary roads, are now required to make the road inventory and
 
traffic count data of maximum value. The data are also required
 
to support the recommended TPU and the road design and con
struction programs, high priority betterment programs, long
range planning of future betterment and reconstruction
 
programs, and the design and construction of new roads.
 

Data from deflection tests will therefore complement the 
ex
isting road inventory data base and provide the following:
 

- correlation of deflection with other inventory
 
characteristics such as surface condition, shoulder, drainage,
 
terrain, etc.,
 

- identification of roa6 links or sections requiring im
mediate betterment or reconstruction, 

- a basis for assigning priorities to road improvement 
work based on sound engineering criteria (e.g., road condition 
vs ADT), 

- inputs to improve design and construction standards for
 
new roads.
 

It is therefore recommended that the MOC retain an expert high
way engineer to plan a comprehensive road deflection survey of
 
Syria's road network.
 

Terms of Reference for this expert should include:
 

- ofStudy existing road inventory information to gain 
full understanding of design related problems in the Syrian 
road network. 

- Development of a plan to conduct road deflection tests 
on all primary roads and a predetermined percent of secondary 
and tertiary roads. Density of testing should be based on MOC
 
rehabilitation and design needs. Selection of links should be
 
based on road inventory data and these inputs from the MOC.
 

- Specification of procedures for storing/retrieving de
flection data. 

- Specification of procedures and frequency for taking
 
core samples.
 

- Specification of test procedures for analyzing core
 
samples.
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- Setting up a plan to conduct analyses (in cooperation 
with the MOC) of deflection measurements as they correlate with 
other road inventory data (including terrain, drainage, 
surface, and shoulder conditions) and with the average daily 
traffic. 

- Setting up guidelines for the MOC and Mohafazat to con
duct inspection and road maintenance planning based on the
 
analyses of deflection data.
 

- Preparation of recommendations for the type of deflec
tion equipment to be used based on costs vs benefits. 

- Preoaration of a detailed manning and cost schedule fo
 
the work based on verification of MOC contributions in terms of
 
laboratory, computer, and support services.
 

- Preparation of a long-range road deflection measurement
 
program that will permit the MOC to periodically update the
 
data base obtained from the initial deflection program.
 

- Investigation of costs vs benefits of buying a mobile 
road deflection measuring device as compared to renting one to 
periodically update the data base. 

The period of time estimated as necessary to plan this program
 
by an expert is about cix man-months.
 

Deflection Measuring Equipment
 

There are several types of pavement deflection measuring
 
devices available for rental or purchase. The option between
 
rental and purchase of one of these deperils upon the MOC's
 
long-term needs. The Consultants recommend that deflection
 
tests be conducted on primary roads at least every five years
 
and on samples of secondary/tertiary roads every seven or eight
 
years. If these tests are properly scheduled, one deflection
 
measuring device and crew could be kept relatively busy. This
 
point, however, needs further study.
 

There are several different mobile deflection measurement
 
devices that are manufactured and used in various countries.
 
Each has unique characteristics and advantages and disadvan
tages. Type and accuracy of data, data parameters, speed of
 
coverage, and costs vary among them. The selection of the
 
equipment best suited for use in Syria would have to be based
 
on a careful study of the data required, how it would be used,
 
and the costs of collection and processing. The highway
 
engineerir.g specialist would be expected to conduct this study
 
and to recommend the preferred mobile device for Syrian cort
ditions.
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2.4 MOHAFAZA ORGANIZATION
 

Figure 2.4.1 the de
depicts facto Damascus Directorate of Com
munications organization. Currently, because of the shortage of
 
qualified personnel, several positions, such as the Assistant
 
Director of Technical Affairs, and the Material Testing Labora
tory are not staffed. All the Mohafaza organizations are
 
similarly set up, although most of them do not have as many

functik iing units. The Mohafaza directorates are understaffed
 
in the Key functional areas that 
require qualified experienced
 
personnel.
 

For example, the Damascus Directorate, which has 15 engineers
 
authorized, has 12 assigned and only four actually working 
for
 
the organization. Eight engineers 
on loan or leave are working
 
for other agencies. In Dera'a as of June 1980, the 
Director is
 
the only trained graduate engineer within the 
Directorate, and
 
at Al Suweida the engineering staff includes only the Civil
 
Engineer. Fortunately, at each directorate there a
are few
 
personnel who, through a combination of work experience and
 
interest, have acquired knowledge of road 
construction and
 
maintenance, but the number of such personnel cannot make up

for the deficiency of fully qualified personnel. The shortage
 
of skilled personnel has critically curtailed material testing

and consequently the laboratories located four of
at the Mcha
fazat are 
eithe not being used nr are underutilized. Such
 
shortages have seriously hampered 
the directorates in their
 
efforts to accomplish the work required to and
construct 

maintain roads to the standards and specifications called for
 
and to develop plans for new local roads.
 

Figure 2.4.2 presents a recommended prototype Mohafaza Direc
torate of Communications organization. The Consultants recog
nize that the prototype would need to be modified to take into
 
account the varying road workload in different Mohafazat. This
 
modification would generally 
take the form of consolidating
 
subordinate functions and, subject to it, 
the proposed organi
zation should serve 
as a pattern for all Mohafazat. The Con
sultants have not reviewed the test 
Technical Services Direc
torate at Homs, but believe that it is incompatible with the
 
concept of management of the road network as a whole and that
 
the engineering skills involved are too 
disparate to justify
 
consolidation on the grounds of economy.
 

In the proposed Mohafaza organization the three prime areas of
 
maintenance and construction, engineering and planning, and
 
administrative affairs are assigned to three The
departments. 

Department for Maintenance and Construction has been assigned
 
the responsibility for administration and
contract inspection,
 
maintenance and construction, materials testing, and vehicle
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and equipment maintenance. This department employs the majority
 

of the personnel and encompasses the primary activities. It is
 

responsible for construction and maintenance of roads and for
 
supthe maintenance of the vehicles and equipment required in 


port of the road construction and maintenatce activities. The
 

functions include:
 

- planning the scheduling, maintenance, and construction 

work, 

- maintaining liaison 
their work, 

with contractors and overseeing 

- maintenance inspection 
requirements, 

of the roads to identify work 

- materials control, 

- scheduling and maintenance of vehicles and equipment,
 

- material testing and acceptance,
 

- operation of support workshops.
 

The Engineering Department is responsible for all the functions
 
asassociated with planning and executing the design of roads 


signed to the Mohafaza. Because a primary function of the
 

Directorates of Communications is servicing the Mohafazat's
 

needs for local roads, the Engineering Department, working in
 
and proconjunction with local officials, develops the plans 


grams for construction and maintenance of these roads. Five

year and annual plans and programs are developed in accordance
 

with projections of the availability of funds, manpower, and
 

equipment.
 

As a specialized adjunct engineering function, it is proposed
 

that within the Engineering Department a separate Traffic
 

Engineering Division be established to undertake studies of
 

traffic and safety conditions, compile traffic and accident
 

statistics, and design and implement traffic controls and road
 

safety devices. The Engineering Department will also be
 

responsible for the expropriation of land for road rights-of

way.
 

The Administrative Affairs Department has been delegated the
 

responsibilities for the administrative functions required in
 

activities of the organization. The
support of the primary 

functions are appropriately assigned to the Financial, Legal,
 

Central Services, and Training Divisions.
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Chapter 3
 

INFRASTRUCTURE
 

3.1 THE NETWORK
 

The Syrian paved road syster lias 
expanded four-fold during th,
past 20 years, doubling Ilngth during the last 10 years

alone, to its current length of approximatey 12,570 kilometers.

Construction 
of new roads continued at the same accelerated
 
pace at the end of the 4th Five-Year Plan period. Today virtually all administrative centers 
down to the Mantika center 

arc served by Ithe 3,930 kilometer main paved road network. Mantika center populations are 4,000 and greater. In
addition, other smaller villages are served by 
the 8,640 kilo
meter local paved 
road network and an estimated 5,200 kilome
ters of gravel 
and earth rural access roads.
 

The Consultants have assessed the capacity of the system to
meet present and traffic
projected requirements and to recom
mend guidelines for future investments. The assessment and 
some

of the findings are summarized below 
and are followed by a
detailed discussion of 
the study activities which led to 
these
 
assessments and findings
 

The assessment is based 
on an extensive visual inventory of

road infrastructure and 
an evaluation of the deficiencies that
deter the fast, safe, and efficient movement of people and

goods. The inventory documents the physical features (geometry)

of the existing system The evaluation is based on a correla
tion of physical features and present and projected traffic

volume. Traffic volume reflects the relative population and

economic importance of the centers served by each road link.

Therefore, the evaluation process 
reflects the relative popu
lation and economic importance of the centers served 
by each
road link and includes an analysis 
of all aspects of the
 
system, such as route location and markets served, road geome
try and pavement condition, traffic demand volumes, and vehicle
 
mix. Table 3.1.1 summarizes the 1979 Syrian road network.
 

A correlation of three physical features the
of infrastructure

(surface type, pavement width, and pavement 
condition) with

traffic volume aiLd geometry classification (basic standards)

provides an indication of the magnitude of 
the deficiencies in
the existing infrastructure and a preliminary indication of

future needs. The results of the correlation are provided in

Tables 
3.1.2 and 3.1.5. The definitions and methodologies used
to establish these are discussed in detail in various parts of
 
this chapter.
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Table 3. 1 . 1 

1979 ROAD NETWORK SUMMARY
 

Road Classification 	 Average Daily Length (km)
 

Traffic Volume
 

Primary 9,000-30,000 280 
5,000- 9,000 340 

1,500- ,000 1,440 

400- 1.500 1,450 

under 400 420 

Secondary (Paved) 1,500- 5,000 	 200
 

Tertiary (Paved) 400- 1,500 4,780
 
under 400 3,660
 

Rural Access Roads 
(Gravel and Earth) 	 under 400 5,200
 

Sources: For paved roads, Consultants' inventory and traffic
 

counts; tor earth and gravel roads Consultants'estimates based
 

on Central Bureau of Statistics data.
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Table 3.1.2 

SYRIAN ROAD NETWORK DEFICIENCIES
 
(Based on 1979-1980 ADT and Road Condition) 

INFRAST RUCTURE DEFICIENCIES
 

Classification 
 Total In Surface In Pavement 
 In Surface Condition
 
KM Type 
 Width
 

km % of km 
 % of Poor % of Fair % of
 
Total Total 
 km Total km Total
Primary Network
 

Autostrad 
 280 6 2 114 41 
 1 0 10 4
Class A 
 340 275 51 82 24 9 
 3 204 60
Class B 1,440 
 286 20 553 38 246 
 17 1,015 70
Class - 1,450 
 1 0 286 20 518 36 696 48
Class D 
 420 0 0 0
0 148 35 220 52
Sub Total Primary 3,930 568 
 14 1,035 26 Q21 
 23 2,145 55
 

Secondary Network
 
Class B 
 200 6 3 
 190 95 116 58 55 28
 

Tertiary Network 
Class C 4,780 
 0 0 4,178 994
87 21 3,285 69
Class D 3,660 0 0 64 
 2 1,203 33 2,289 63
 

Sub Total Secondary

& Tertiary 8,640 6 0 4,432 
 51 2,313 25 5,629 65
 

Total Paved 12,570 
 574 5 5,467 43 3,234 26 7,774 62
 

Rural Access Roads 5,200 0 0 0 
 0 1,800 35 3,165 61
 

Source: Consultant 
Inventory and Traffic Counts, and recommended Standards.
 

"Poor" condition requires immediate reconditioning and "Fair" condition is estimated to
require reconditioning (resurfacing) within the next two and one-half years, depending on
 
traffic volume.
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A number of trends and conditions resulting from the correla
tion are noted belong: 

- The estimated traffic is under 400 vehicles per day, 
approximately, on 42 percent of the paved secondary and ter
tiary roads and 11 percent of the primary roads. Roads in this 
traffic range require only a gravel surface and one traffic
 
lane. Therefore, these paved roads are overdesigned for present
 
traffic.
 

- Virtually all of the road system, except Class A roads,
 
has the surface type that is equal to or better than the type
 
recommended for the particular class of road.
 

- Twenty-six percent of the primary and one-half of the 
paved local roads are narrower than the standards normally 
applied to similar traffic volumes. 

- Eighty-three percent of the entire road network has a
 
fair or poor surface condition. Twenty-one percent of all roads
 
need immediate reconditioning (resurfacing) while the remainder
 
will require reconditioning during the early years of the next
 
five-year plan.
 

The preliminary conclusions drawn from these findings indicate 
that the construction of new paved roads is surpassing the
 
traffic demand for all but very high volume roads; traffic on
 
40 percent of the existing paved roads is exceeding the capac
ity of these roads to move people and goods safely, quickly,
 
and efficiently; and deteriorated surface conditions on 83 per
cent of the roads are resulting in a loss of benefits to the
 
road users.
 

Location and Classification
 

The Syrian paved road system is classified into primary,
 
secondary, and tertiary networks. The primary network serves
 
mainly the transportation needs of internationally important
 
traffic, whereas the secondary and tertiary networks serve
 
mainly regional and local needs. Initially, road locations and
 
classifications were identified from the existing data in order
 
to organize the field inventory and traffic survey programs.
 
They were later modified based on the outcome of field work and
 
the analysis of the field data.
 

The location of the road networks for 11 Mohafazat are shown on
 
Plates 3.1 through 3.11.1 The locations are based on data
 

iData for Lattakia and Quneitra were not available.
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acquired from the 1966 Master Plan for the Syrian Road System,
 

existing Mohafaza maps, and discussions with Mohafaza engi
neers, supplemented with data acquired during visual inven
tories.
 

Designation of a road link as primary, secondary, or tertiary
 
depends on one's perception of the road's relative importance
 
as an international, national, regional, or local road link.
 
They can be judged based on an analysis of the areas served
 
and/or by the volume of traffic carried. Consequently, road
 
classifications are difficult to establish.
 

This difficulty can be illustrated by the fact that there are
 
actually two road classification systems in use in Syria. The
 
first was established by a 1957 law governing road classifica
tions, but it is not generally used on existing maps or in
 
existing documents. The second system was established for the
 
study conducted by the firm Societe Central pour l'Equipment du
 
Territoire (SCET). The latter altered the classification nomEn
clature of the former but generally holds to traffic volumes as
 
a parameter for classifying roads. Both are awkward and
 
cumbersome.
 

Table 3.1.3 shows the road network classification system used
 
in this study. The Consultants have drawn upon both the 1957
 
law and the Master Plan but have further clarified the defini
tions by adding specific traffic volumes as an element of the
 
classification. Generally, the resulting network classifica
tions illustrate the importance of the area served, i.e.,
 
terminals are defined, and they illustrate the significance of
 
traffic volume, i.e., limits are specified.
 

The addition of a traffic volume element permits the upgrading
 
or downgrading of roads in the network to reflect changes in
 
the volume of the movement of people and goods. For example, a
 
new road link often has a secondary effect of reducing traffic
 
on a distant but parallel road while increasing traffic on
 
certain connecting roads. The traffic volume modification
 
permits reclassification of the roads to reflect the relative
 
changes in service and demand as the network road length grows
 
and coincides with changes in geometric classifications, which
 
are discussed later in this section. The classification of
 
roads on Plates 3.1 through 3.11 shows international roads as
 
established by the 1966 SCET Master Plan. The national road
 
network shown has been modified from the Master Plan to reflect
 
changes in service since 1966.
 

Because the law of 1957 and the SCET, which also generally
 
followed the 1957 administrative standards, represent existing
 
legislative parameters, the Consultants necessarily conformed
 
to those standards in defining classification and coding
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Table 3. 1 . 3 

CLASSIFICATION OF PAVED ROAD NETWORK
 

Primary Network
 

International Roads - Major road connections to neighboring 

countries. 

National Roads - Roads that connect major Mohafaza 
centers, or major areas and principal 
cities; or minor road connections to 
neighboring count-ies; or other major 
roads that carry over 5000 vehicles 
per day, on the average. 

Secondary Network 
Major Local Roads - Roads that carry between 1500 and 5000 

vehicles per day on the average. 

Tertiary Network 
Minor Local Roads - Roads which carry under 1500 vehicles 

per day. 

Rural Access Roads - Earth and gravel roads which carry under
 
400 vehicles per day.
 

Table 3.1.4
 

1979-1980 TRAF,'IC RANGES
 

Network Average Daily Traffic 
(Vehicles per day) 

Low Hiqh_ 
Primary 

International 50 10 ,050 

National 193 10,510
 

::econdary 1, 500 4,690 

Tertiary 14 1,500
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systems for the road inventory and traffic counting programs.
 
However, because of the importance of traffic volumes in
 
analyzing the road network, the resulting network-. have been
 
subclassified according to average daily traffic (ADT).
 

Because of the importance of traffic, the Consultants recommend
 
that a new and less unwieldy system of classification be con
sidered, based primarily upon the ADT count (see Table 3.1.4).
 
Such an alternative system would require legislative action to
 
amend the 1957 law.
 

Criteria for the proposed road network classification are as
 
follows:
 

Classification Average Daily Traffic
 

A. Primary Road Over 5,000
 

B. Secondary Road 1,500-5,000
 

C. Tertiary Road 400-1,500
 

D. Low-Volume Traffic Rural Road Under 400
 

Plate 3.12 shows the roads inventoried and classified on the
 
basis of the proposed highway classifications. The proposed
 
system would have to be modified periodically to reflect
 
changing traffic patterns and the corresponding upgrading of
 
individual roads.
 

Table 3.1.5 shows the length of road for 1979, 1985, and 2000
 
based on the recommended classification system and the Con
sultants' recommended design standards (section 3.2 below).
 

Route Numbering System
 

A simplified, but significantly modified, route numbering
 
system is also recommended. This system is not to be confused
 
with the road classification system described above, which is
 
used for inventory and administrative purposes. The route num
bering system is intended for highway identification on maps
 
and route markers.
 

Although legislative action may be required as a means of adop
tion, the system's simplicity would be of distinct advantage to
 
both Syrian and tourist motorists and effect savings through
 
reduced usage of sign materials and less labor on map prepara
tion.
 

Primary highways, including international and domestic roads,
 
would be prefixed by t'ie letter "M" and followed by a number
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identifying the link. Secondary roads would be prefixed by the
 
letter "S" and followed by a number identifying the linK. Table
 
3.1.6 identifies the proposed route number system for primary
 
and secondary roads.
 

Tertiary routes would be identified on signs and maps by a
 
simple numerical designation without a letter prefix. Each
 
Mohafaza would, however, identify internal Mohafaza routes by

having the first number (or numbers) of the route correspond to
 
the Mohafaza identification number shown in Table 3.1 7.
 

Traffic
 

A one-year nationwide traffic counting program was initiated in
 
August 1979 in order to determine the volume of traffic carried
 
on the primary, secondary, and tertiary paved road networks. 
The traffic counting program included collection of data 
concerninq type and mix of vehicles. 

A detailed description of the traffic counting program and the
 
results were presented in Chapter 5, Section 5.2 of the Final
 
Phase I Report.
 

The results of the traffic count indicate that there is a wide
 
traffic range in the primary network, because by definition the
 
area served is emphasized, whereas the secondary and tertiary
 
network is actually defined in terms of the traffic range.
 
However, links on both the primary and tertiary networks are
 
carrying less than 400 vehicles per day, which is the Consul
tants' lower designated limit for a paved road network.
 

Assessment
 

Geometric classifications have been established for Syrian
 
conditions in order to assess the capacity of the network. The
 
classifications are derived, only as a reliable base, from
 
international standards. Visual inventories of the road, pave
ment condition, traffic volume analysis, capacity and safety
 
criteria, and Syrian conditions were evaluated. The Consultants
 
analyzed data collected during the study with the aid of the
 
Zilog Computer. First, the inventory data were synthesized and
 
reproduced to illustrate the characteristics and condition of
 
the existing roads. Second, the computer correlated existing
 
conditions and proposed standards to illustrate, link by link,
 
the deficiencies in the existing system.
 

Inventory Program
 

A comprehensive visual inventory of the road infrastructure was
 
completed during the summer of 1979 and the spring of 1980. All
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Table 3.1.5
 

SYRIAN ROAD NETWORK CLASSIFICATION BASED ON ADT
 

Classification Traffic Surface Standards Length (kms)
 
Volume Width Type
 

Road Geometric (ADT) Meters 1979 1985 2000
 

Primary Autostrad Y over 30,000 21.91 	 Asphaltic
 
Concrete - - 90
 

Autostrad X 9,000-30,000 14.61 	 Asphaltic
 
Concrete 280 320 780
 

Class A 5,000- 9,000 7.3 	 Asphaltic
 
Concrete 340 480 1,260
 

SecondaryClass B 1,500- 5,000 6.7 	 Low Grade
 
Hot Mix 1,640 3,060 5,340
 

Tertiary Class C 400- 1,500 6.2 	 Double or
 
Single
 
Bituminous
 
Surface
 
Treatment 6,230 6,100 6,130
Rural 

Roads Class D under 400 3.5 	 Gravel 9,280 10,035 9,245
 

Total 	 17,770 19,995 22,845
 

Source: Consultants Inventories, Traffic Counts and Traffic Projections.
 

1
 
Dual Carriageway.
 



Table 3.1.6
 

PROPOSED ROUTE DESIGNATIONS - PRIMARY AND 


PRIMARY ROADS
 

Route No. Terminals
 

From Via 
M-1 Damascus -

M-2 Damasucs -
M-3 Damascus -

M-4 Homs -
M-5 Hama -
M-6 Homs -

M-7 Tartous -
M-8 Damascus -

SECONDARY ROADS
 

Route No. Terminals
 

From Via 
S-1 Damascus 

S-2 Damascus 

S-3 Intersection S-2 

S-4 Damascus Al Tkeih 


-5 Int'.,ection S-4 

S-6 Damascus 

S-7 Intersection M-7 
S-8 Tartous 

S-9 M-7 Ileffe 

S-10 Lattakia Jisr Al 

Shughour 

S-11 Aleppo Bab Al Hawa 

S-12 Aleppo Isas 

S-13 Intersection S-12
 

(Afrin) 
S-14 Aleppo 

S-15 Aleppo 

S-16 Al Raqqa 

S-17 Deir Ez Zor 

-18 Al Hazsakeh 

S-19 Deir Ez Zor -

SECONDARY ROADS
 

To
 

Jordan Border
 

Lebanese Border
 

Homs
 

Hama
 

Aleppo
 

Tartous
 

Lattakia
 

Airport
 

To
 
Kariat
 

Salsa'
 

Irneh
 

Lebanese Border
 

Al Srghaya
 

Ma'Loula
 

Safita
 
Dreikish
 

Intersection S-10
 

Intersection
 

M-5
 
Turkish Border
 

Intersect S-11
 

Turkish Border
 
Garablus
 

Al Raqqa
 

Deir Ez Zor
 

Al Hassakeh
 

Al Kamishli
 
Albu Kamal
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inventoried
international, national, and major local roads were 


except those located in urban and militarily restricted areas.
 

In addition, more than one-third of the local paved road net

work was inventoried.
 

A total of 3,930 kilometers of primary road links were identi

fied for inventory based on an analysis of the 1966 Master Plan
 

maps, Mohafaza maps, and other statistical data. An additional
 

3,700 kilometers of paved secondary and tertiary road links and
 
identified and
1,537 kilometers of gravel and earth roads were 


inventoried, using the above data and additional data provided
 

directly by Mohafaza engineers.
 

road inventory recording
The Consultants designed a detailed 

form, prepared a road inventory manual, and conducted visual
 

Syrian Comprehensive Transport
observations. The form, titled 

Study Primary and Secondary Inventory, was shown in Appendix
 

3.1 of the Final Phase I Report.
 

The form provided space for identification and/or description
 

of the route within the network, road geometry and surface
 

condition, surrounding terrain, design speeds, structural ele

ments, and traffic characteristics. These data yielded informa

tion for all primary and major secondary roads regarding the
 

geometry and type of construction; type of subbase; width of
 

platform; base, width, and type of surfacing; capacity of
 

structures; mileage; geographic distribution; present state of
 
for present traffic. In all,
maintenance; and general adequacy 


the form provided space for 56 entries, 47 of which were
 

recoded in the field, when applicable, and nine that were pro

vided in the office based on evaluations of engineering draw

ings and traffic data.
 

Data for local roads were recorded on the same form. However,
 

the only data logged were those required to identify sub

stantial changes in the type of surface, width and surface
 

condition, geometry standards, and category of structures.
 

teams, each headed by a
The inventory was conducted by three 

Syrian engineer who received training from the Consultants, and
 

a member of the Consultants' staff.
 

3.2 DESIGN STANDARDS
 

Parameters and History
 

During this study very little information has been made
 
it necessary to
available regarding pavement designs, making 


study road cross-sections in the field in an effort to deter
mine the original design. Where pavement structures had been 
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Table 3.1.7
 

PROPOSED MOHAFAZA NUMBER PREFIXES FOR INTER-MOHAFAZA ROADS
 

Prefix Mohafaza 

1 Damascus 

2 Aleppo 

3 Homs 

4 Hama 

5 Lattakia 

6 Deir Ez Zor 

7 Idleb 

8 Al Hassakeh 

9 Al Raqqa 

10 Al Suweida 

11 Cara'a 

12 Tartous 

13 Quneitra 
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exposed, either due to failures or excavation for placing

drainage 
pipes and water lines, the exposed sections were
 
evaluated.
 

These attempts to determine pavement designs were undertaken
 
only as a final 
resort. Repeated requests for standard or
 
specific designs were unproductive; construction specifications
 
were not available; and permission to cut inspection trenches
 
across completed sections was denied.
 

The results of the majority of such appraisals indicate that
 
approximately 90 percent of the paved roads investigated,

including the primary, secondary, and tertiary networks, con
sist of a Telford subbase, a penetration Macadam base, and 
a
 
surface that varies from 
a rock asphalt surface to asphaltic
 
concrete.
 

As in other countries, the greater part of the Syrian road
 
network was originally constructed when traffic volumes were
 
very 
low. Many such road links began as trails and generally
 
were constructed along contour lines; 
geometric standards were
 
minimal to nonexistent.
 

With increases in traffic, it became necessary upgrade
to 

highway requirements. The geometric standards were developed

and subsequently upgraded -to meet the needs of high traffic
 
volume roads. Such standards, however, greatly restricted the
 
allowable gradient and, minimum radii of the which
curves,

necessitates new construction using larger embankment fills and
 
excavations. Slich earth fills require ar greater compactive

effort and inspection, which in turn caused a drastic revision
 
of construction practices in Syria.
 

Historically, the Syrian trend paralleled experienced by
that 

other nations worldwide. During the early and developing phases

of highway construction, many designs were initiated and tested
 
prior to their acceptance. As a result, highway departments

throughout the world may now benefit basic
from these design

criteria. Such benefits, 
however, do not materialize from
 
altering any part of the design, or utilizing only segments of

the design, without prior 
testing to determine long-range

results and implications.
 

Existing Conditions
 

Si rificant data from the road inventory were entered 'into one 
of t ree computer files. The first file covers the 5,000 kilo
meter main road network, i.e. all primary and major secondary
roads. The second file contai s all in'Ventoried paved secondary
and tertiary (local) roads. The third file contains all ',inven
toried rural access earth roads, which are by definition
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tertiary roads. The computer 
coding for the primary file is
 more 
extensive than for the secondary and tertiary file;

however, the files are cross-referenced so that 
data developed

in one file can be transferred 
to the second during evalua
tions.
 

The 1979-1980 traffic volumes 
 obtained from the traffic
 
counting program also into
were entered the computer. Road
 
links that were inventoried, but for which no actual 
counts
 
were available, were analyzed and assigned ADT 
counts based on

th -c similarity to roads where ADT counts 
were available. This
 
was 61one on 
both the main road file and the local road file
 

The cornwuter sorted the road links 
into geometric classes based
 on their actual or estimated ADT. The were
road links further
 
sorted into Mohafazat, so that the existing condition by class

could be retrieved on command for each 
Mohafaza. Finally, in

addition to all 
primary and secondary roads being inventoried,
 
more than one-third of the tertiary roads (Class C and D roads
 
in the local road file) were inventoried. The total length of

paved tertiary roads in each Mohafaza was entered into 
the
 
computer and a program was developed to expand the data to all

paved tertiary roads, using an appropriate expansion factor.
 

Three elements of the network infrastructure have been re
trieved by class, by Mohafaza, for this analysis. These are

surface type, road 
width, and surface condition. The results
 
for each Mohafaza, in terms of road affected, are included in

Appendix 3.i. A country-wide summary for the primary road

network is shown in Table 3.2.1 and for the paved secondary and
 
tertiary road network in Table 3.2.2.
 

The acceptable or recommended appropriate standards 
are boxed

in each table in order to show the length of road wi-h standard

conditions. Surface types to the left of the box 
in each class
 
are substandard, 
while those in the right exceed standards.

Conversely, road widths to 
the right of each box in road width
 
analysis are substandard while those 
to the left eiceed stan-

OdrdSo 
Finally, poor and very poor surface conditioris indicate
 
substandard and unacceptable driving conditions, while the fair

condition indicates a marginally acceptable condition. The
 
results are summarized in Table 3.2.3.
 

This section describes trends indicated 
in the above findings

and correlates these trends with the 
Consultants' findings

regarding road engineering practices in Syria. This section
 
deals with the 
paved road network only. An analysis of gravel

and earth roads is contained in Section 3.5 below.
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Table 3.2.1 

PRIMARY ROAD LENGTH STATISTICS - NATIONAL SUMMARY 

Reconmended SURFACE TYPE 
Class Earth Gravel S.B.S.T. Hot Mix 

Asphalt 
Concrete Total 

X 0.00 0.00 0.00 630 274351 280.65 
A 0.00 0.00 0.00 275.10 6110 336.20 
B 0.00 0.00 285.60 126.50 L 23.10 1,435.20 
C 0.70 0.00 -1 414.40 _ 1,31.00 0.00 1446.10 
D 0.00 L24.40 97.00 295.40 0.00 416.80 

Total 0.70 24.40 797.00 2,734.30 385.55 3,914.95 

Re commended 
ROAD WIDTH IN METERS 

Class Autostrad Over 7.0 6.2 - 6.9 5.6 - 6.1 Below 5.6 Total 
X 
A[ 

B 
C 
D 

167.15 
61.10 

1.30 
0.00 
0.00 

L 113.50 
193.40 

670.70 
640.70 
79.50 

[1 

0.00 
60.90 

210.10 
108.40 
56.80 

1 

00 
20.00 

-L318.20 
410.70 
193.50 

| 

.0 
0.00 

234.90 
8.0 
800! 

206 
336.20 

1,435.20 
1.446.10 
416.80 

Total 229.55 1,697.80 436.20 943.20 608.20 3,914.95 



PRIMARY 

Re commended 
Class 

X 
A 
B 
C 
D 

Total 

Good 

270.45 
123.60 
174.30 
231.60 
48.60 

848.55 

00 
IU 

Table 3.2.1 (continued)
 

ROAD LENGTH STATISTICS - NATIONAL SUMMARY 

SURFACE CONDITION 

Fair Poor Total 

9.70 0.50 280.65 
204.05 8.55 336.20 

1014.80 246.10 1,435.20 
696.40 518.10 1,446.10 
220.10 148.10 416.80 

2,145.05 921.35 3,914.95 



Table 3.2.2 

SECONDARY AND TERTIARY PAVED ROAD LENGTH STATISTICS - NATIONAL SUMMARY 

Recommended 

Class 


A 

B 
C 

D 


Total 


Recommended 
Class 


A 

B 


C 

D 


Total 


Earth 


0.00 

0.00 

0.00 

0.00 


0.00 


Over 6.6 


0.00 

E11.90 

139.20 

110.49 


261.59 


SURFACE TYPE
 

Gravel S.B.S.T. Hot Mix 


0.00 0.00 0.00 

0.00 6.20 195.60 
0.00_j 2,068.48 F2,715.51 

L-0.00 _1,878.63 1,775.58 

0.00 3,953.30 4,686.70 


ROAD WIDTH IN METERS 

6.4-6.0 5.4-5.9 4.5-5.3 3.5-4.4 


0.00 0.00 0.00 0.00 

1 25-70 72.70 84.90 6.60 


[ 466 .73 978.28 2,774.99 424.80 

993.00 334.31 1,566.94 L 


1,485.43 1,385.29 4,426.83 1,017.20 


Asphalt 
Concrete 


0.00 

0.00 

0.00 

0.00 


0.00 


Below 3.5 


0.00 

0.00 

0.00 


63.66 


63.66 


Total
 

0.00
 
201.80
 

4,783.99
 
3,654.21
 

8,640.00
 

Total
 

0.00
 
201.80
 

4,783.99
 
3,654.21
 

8,640.00
 

http:8,640.00
http:3,654.21
http:4,783.99
http:8,640.00
http:3,654.21
http:4,783.99
http:1,017.20
http:4,426.83
http:1,385.29
http:1,485.43
http:1,566.94
http:2,774.99
http:4,686.70
http:3,953.30
http:1,775.58
http:1,878.63
http:F2,715.51
http:2,068.48


Table 3.2.2 (continued) 

SECONDARY AND TERTIARY PAVED ROAD LENGTH STATISTICS - NATIONAL SUMMARY 

Recommended 
Class 

A 
B 
C 
D 

Total 

Very Good 

0.00 
11.90 
100.71 

0.00 

112.61 

SURFACE CONDITION 

Cood Fair 

0.00 0.00 
19.40 54.80 

351.00 3,284.88 
162.27 2,288.64 

532.67 5,628.32 

Poor 

0.00 
115.70 
794.32 
643.45 

1,553.47 

Very Poor 

0.00 
0.00 

253.09 
559.85 

812.94 

Total 

0.00 
201.80 

4,783.99 
3,654.21 

8,640.00 

I.J 

LJ 
0 



Table 3.2.3 

ANALYSIS ONE - EXISTING PAVED tETWORK 

PERCENT OF TOTAL LENGTH 

Surface Type Pavmt. Width Surface Condition
 
Classification Total Under Over Under Over
 

Km Design STD. Design Design STD. Design Good Fair Poor
 

Primary Network 

Autostrad 280 98 41 59 02 0 95 4 1 

Class A 340 81 19 0 24 76 0 37 60 3
 

Class B 1,440 20 78 
 2 38 15 47 13 70 17
 

Class C 1,450 0 29 71 20 
 28 52 4 48 36
 

Class D 420 0 6 94 0 0 
 100 13 52 35
 

Secondary Network
 

Class B 200 3 97 0 95 15 0 14 28 58
 

Tertiary Network
 

Class C 4,780 0 43 57 87 10 3 10 69 
 21
 

Class D 3,660 0 0 100 2 82 4 63
16 33
 



Road Surface
 

An analysis of the surface type data in Tables 3.2.1 and 3.2.2
 
the primary network and 57 percent
indicates that 70 percent of 


of the paved secondary and tertiary networks are surfaced with
 

a low type hot mix. The international standards indicate that
 

optimum use of this surface type is for traffic volumes between
 

5,000 ADT (Class B road). In 1979-1980 only 13 per1,500 and 

cent of the network carried traffic in this ADT range. Higher
 

tiaffic ranges perform better on asphaltic concrete (AC) sur

faces and lower traffic volumes perform as well on less expen

sive single or double bituminous surtace treatment (SBST and
 

DBST) surfaces.
 

Measured against the Consultants' recommended standards, the
 

Syrian paved road network is substandard on the higher traffic
 
the medium traffic
volume roads (Class A), properly designed on 


volume roads (Class B), and exceeds standards on the lower
 

traffic volume roads (Classes C and D). This is illustrated in
 

Table 3.2.3.
 

Table 3.2.3 also shows that 88 percent of the existing surfaces
 

are in either fair or poor condition, which indicates that the
 

higher surface s'andards are not resulting in an overall im

proved riding quality. This is of particular concern because
 

over 
half of the paved road network is less than 10 years old.
 

The deterioration appears in an undulating "wash board" sur

broken pavement, and generally poor riding quality. In
face, a
 

indications of plastic deformation, but
few instances there are 

generally the fault may be laid to a consolidation deformation.
 

This should not be exclusively l.aid to faulty design, excessive
 

traffic volumes, or over-weights becase it may be that poorly
 

placed and compacted material in embankment fills, subgrade,
 

subbase, bituminous base course, and asphaltic concrete surface
 

now merely being consolidated by traffic loads that
 course are 

conexceed the minimal compactive efforts made during the 


struction phase. A few instances of plastic deformation have
 

areas of low volume traffic where improper drainage
occurred in 

isolated soaked subgrade ucrnditions. In these
structures caused 


instances the bituminous base course pavement did not hold up
 

for the exact condition for which it was designed. The effects
 

of substandard construction practices are discussed in more
 

detail in Section 3.3.
 

At the present time approximately 50 percent of the roads
 

constructed using the AASHO Pavement Design Method are being
 
a
reinforced by the application of two overlays with combined
 

average thickness of 35 centimeters.
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In contrast, the Consultants have observed that earlier paved
 
roads constructed with a rock subbase (Telford) and a Macadam
 
surface (usually the wearing surface consisted of single or
 
double bituminous surface) are holding up exceptionally well
 
and form the backbone of the present network. Therefore, the
 
selection of the costlier bituminous base course pavement over
 
the apparently more effective crushed granular base course
 
pavement is questionable.
 

Accordingly, it is suggested that the Government evaluate their
 
pavement designs with a view toward returning to the use of
 
crushed granular aggregate base course. Also, in the sectors
 
where the expensive overlay is presently underway or planned,
 
tests should be conducted to determine whether or not the con
solidation from heavy traffic has improved the compaction of
 
the roads and to determine the overlay thickness required to 
sustain the traffic for the remaining design period of the 
road. 

Road Width
 

Road widths appear to be evenly divided between being sub
standard, standard, and exceeding standards in tha primary
 
network except for Class D roads, virtually all of which exceed
 
standards. However, it appears that almost 85 percent of the
 
secondary and tertiary network, except Class D road, is sub
standard for the traffic volume carried, based on recommended
 
standards. This is also illustrated in Table 3.1.3.
 

In the field, the Consultants have observed that most roads
 
follow the terrain, and often the width of a road may vary as
 
much as two or three times in a single kilometer.
 

Summary
 

In summary, it appears that the lowest traffic volume roads
 
generally exceed standards, the higher volume roads generally
 
are substandard, while the middle volume range is generally
 
mixed. Lower traffic volume ranges (Class D), which represent
 
30 percent of the entire paved road network, exceed pavement
 
width and surface type standards, but the advantage of this
 
benefit is partially lost because the surface condition is
 
deteriorating. On the other hand, the lower middle traffic
 
volume roads (Class C) are divided between standard and 40 per
cent and 60 percent greater than standard surface types, but
 
are significantly substandard in road width. The upper traffic
 
volume roads (Class B) are standard in surface type and 45 per
cent substandard in road width. Finally, Class A roads are sub
standard in surface type and three-fourths standard in width.
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Geometric Design Standards
 

are a function of
 
The geometric design standards primarily 


and the level of service desired.
terrain, 


However, these standards vary narrow limits worldwide

traffic volume, 


within 

The Consultants have
 

because of other unquantifiable factors. 


reviewed the inventory data and determined that the existing
 

in Syria vary throughout the country.
standards used 


be based upon a series of basic design

Highway design should 


formally adopted, as much as possible, be
standards that are 


a
 
fore the design is started. In recent years there has been 


a greater use of specific standards of proven

trend towards 


various highway agencies.
been established by
design that have 

been developed through the application of
 These standards have 


into consideration
basic highway engineering principles, taking 


that is to be provided and the
 
the level of traffic service 


stan
cost of construction or the availability of funds. Such 


satisfy specific needs.
dards are then moddified slightly to 


standards have been established based
 
Various international 


study under a variety of
 upon the results of numerous years of 


conditions, such the anticipated traffic volumes, geography,
as 

conditions, proper construction and maintopography, climatic 


financing potential. All of these
 
tenance capabilities, and 


to make a 100 percent acceptance of any
various conditions tend 

standard a very complicated proposition


international highway 


for any one country.
 

Therefore, it is not the Consultants' intent, nor is it con

simply existing

sidered professionally objective, to extract 


and apply them to

standards from international criteria
design 


standards have proven

Syria. Such internationally recognized 


applicable circumstances, represent an unquesvalue and, undcr 

foundation upon which adaptations may be based. Each
 

tionable 

its unique circumstances with equally unique


country has own 

traffic, economic, and load problems, which demand
 

materials, 

solutions applicable to those conditions and not simply solu

other countries and their particular cir
tions designed for 


cumstances.
 

The Consultants have utilized the following international 
stan-


Syrian requirements

dards as a base condition against which 


were measured:
 

- a Policy on Geometric Design of Rural Highways, 1954, 

of State Highway Officials (AASHO) -
American Association 

now
 

Highway and Transportation

the American Association of State 


Officials (AASHTO),
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- a Guide to Highway Design Standards, 1957, Inter
national Bank for Reconstruction and Development (World Bank),
 

- Low-Cost Roads, Design, Construction and Maintenance, 
1967, United Nations Educational Scientific and Cultural 
Organization (UNESCO), 

- Highway Capacity Manual, 1965, Highway Research Board 
Special Report 87. 

Because similarities exist among the above standards, they were
 
all considered satisfactory as a base condition. A composite
 
was derived from them, taking into account available existing
 
design criteria, evaluation of conditions at road construction
 
sites throughout Syria, and the need to avoid over-design at
 
this stage of Syria's development. Specific modifications were
 
made in the geometrics for mountainous terrain where sight dis
tance gradients and radii that are more suitable to local con
ditions have been selected. Gradients have been increased
 
slightly for hilly terrain and radii have been slightly
 
reduced. Virtually no changes were made for desert areas. In
 
each instance, however, no geometrics were selected that would
 
create unsafe conditions or overstress truck capability.
 

The Consultants' recommended geometric standards are shown in
 
Table 3.2.4. The standards are within the lower recommended
 
limits for each geometric classification as set forth in the
 
international publications listed above. Nonetheless, the stan
dards provide for stable flow for the proposed average daily
 
traffic (ADT) range in each classification.
 

As indicated in Table 3.1.2, 43 percent of the existing paved
 
road network is substandard in width, based on the proposed
 
standards and measured by 1979-1980 ADT. However, substandard
 
conditions at the lower traffic volumes (say under 1,500 ADT)
 
are less critical than at higher ranges. Because over 80 per
cent of the paved roads surveyed carry less than 1,500 vehicles
 
per day, Syrian road width conditions, although substandard,
 
are tolerable until traffic volumes increase.
 

The following concepts lie behind the Consultants' reullended
 
geometric standards. A safe and efficient highway mus4 provide
 
a consistent level of traffic service throughout the length of
 
a sector. It is recognized that a sharp curve, located in level
 
terrain or at the end of a long tangent, is many times more
 
dangerous than the same type of curve located in mountainous
 
terrain, or in any sector containing many curves. In the same
 
way, variations in pavement widths, or even in shoulder widths,
 
may often produce undue hazards.
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Table 3.2.4 
,EOIETRIC CLASSIFICATIONS 

Standards 

Class C Class D
Autostrad Class A Class B 

400-1,500 Urn.er 40
AlT: Over 9,000 5,000-9,000 1,500-5,000 

Srace Grave I 
Surface Type: Asphaltic Concrete Concrete Hot Lix blrw-Tpe Ireaur3t 

Flat Follino Flat Rolling liuntain Flat oilinlj Mouxltain Flat tinMoujntain roliri
T-rrain: Flat Rollirn MxMntain 

Desit, Features 
Design Speed 50 80 65 40

100 100 90 70 90 80

(KrsIIUr) 120 112 100 120 112 

6.0 7.06.0 4.0 5.0 7.0 5.0 6.0 8.0 
..!axi.-um Gradient(%) 3.0 4.0 6.0 3.0 4.0 

Surface V:idth 3.5 3.5 3.5
6.2 6.2 6.2 6.0
7.3 7.3 7.0 6.7 6.7
2 L.ne 
,! Tne 14.6 14.6 14.0 
r Lane 21.9 21.9 21.0
 

Outside Shoulder
 1.0
2.0 2.0 1.5 1.5 1.5 1.0 1.0 1.0 1.0 

Width S 3.0 2.5 2.0 2.5 2.5 

Median Width1 10.0 5.0 1.0 
125 240 165 75 165 100 50
330 265 265 240
i=nu n Radius 450 330 265 450 

Stocp Sight 30110 80 130 95 50 95 75 
Distance 180 150 130 180 150 130 150

Bridaes
 
Width 2 13.0 to 13.3 13.0 to 13.3 10.0 to 10.7 7.5 to 9.2 3.5 to 4.0
 

7.0 to 7.7 3.5 to 4.09.3 7.8 to 8.2:etkeen3 9.0 to 9.3 9.0 to 
HS 15-44HS 209-44 HS 20-44

Desican Live Load S 20-444 HS 20-44 


Source: Consultants' estimates.
 
Nctes: All measurements in meters.
 

ADT = Averaqe Daily Traffic.
 
HS = Highway Speed.
 

Includes shoulders. 

Width if lergth over 20 meters. 
3 Fet7wen curbs if length under 20 meters. 

4 Nnrican Association of State Hiqhway Officials (AAS11D) live load W120-44 will safely suport a 36-ton 3 axle truck/semitrailer 

-cmbination. 



Although general standards must 
be changed to meet changing

conditions and situations, the number of these changes 
should
 
be kept to a minimum, and 
they should occur only in logical

locations. Different sets of design standards are 
normally used
 
in mountainous, hilly, and level terrain, but the proper appli
cation of even these different standards on the same project

will produce fewer hazards than those that would result 
from
 
indiscriminate 
changes in the geometric dimensions that local
ized situations might indicate.
 

Design Speed
 

The design speed is the maximum speed at which vehicle
a can
 
traverse a section of highway safely, under 
normal conditions.
 
Changes in the design speed are predicated upon the changes 
in
 
the type of terrain, and reductions in speed, in certain sec
tors, may impede the flow of traffic. Additionally, restricted
 
speed sections must be kept large as not to disrupt the
so 

continuity of the flow of traffic. 
Speed changes for small
 
sections of the 
road will greatly alter the standard design of
 
the road.
 

Horizontal Alignment
 

Horizontal alignment is based upon the 
terrain and the design

speed. In level and rolling terrain, long sweeping curves, to

accommodate high speeds, are easily justifiable, whereas in
 
hilly and mountainous terrain the topography should 
take pre
cedence. The super-elevation 
of the road at the curves is
 
important, but due to the topography, the minimum radius of the
 
curve should be the governing factor. A curve with a 
short
 
radius must be compensated by a reduction in speed.
 

Vertical Alignment
 

Vertical alignment is also dependent upon the terrain. In level
 
and rolling terrain the relatively flat topography is not too
 
much of a problem. Minor excavations and embankment fills are
 
not costly and result in a fairly level road. In hilly and
 
mountainous terrain any attempt to maintain 
a fairly level
 
road, 
however, will either have to be accomplished by deep

through or side-hill cuts, which are relatively expensive to
 
construct and maintain. Alternatively, the design 
must revert
 
to following contours of terrain, may a
the which result in 

serpentine type of road. The ideal 
solution is a moderate
 
combination of both types of design. This may be accomplished

by increasing the gradient and reducing the speed. The length

of the vertical curves at the of the hill
crest should be as
 
gentle as possible so as 
to increase the sight distances.
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Shoulder Width
 

Shoulder width is greatly dependent upon the terrain. In level
 
and rolling terrain the shoulder width is important not only

for disabled-vehicle parking and psychological purposes, but
 
also for drainage of the pavement structure. The further that
 
rain water is shed from the pavement structure the less that
 
ponding water will damage 
the road foundation. Shoulders also
 
serve as parking spaces in case of emergencies and a passageway

for pedestrians and animal traffic. In and
hilly mountainous
 
terrain, due to excessive costs, the shoulders are 
normally

reduced although the road widening at sharp outside curves may

permit a parking area for vehicles. All shoulders should pro
vide required sight distances and give a feeling of being
 
impeded.
 

Pavement Surface
 

Pavement surface greatly depends upon the 
design speeds and
 
ADT. On level 
and rolling terrain where the horizontal and
 
vertical alignment is generally not a difficult problem, the
 
surface of the road should be of a higher quality than in hilly

and mountainous terrain. This is due to the higher speeds at
 
which traffic flows and also due to 
the effects of rain water.
 
Water runoff from the road surface in level and rolling terrain
 
is generally slow, which allows water 
to soak into and through

the previous base course and subbase 
into the usually much
 
inferior subgrade. In hilly and mountainous terrain the road
 
gradient prevents 
the ponding of water, but traction on the
 
road surface is important, especially 
as applied to horizontal
 
alignment.
 

Pavement Surface Width
 

Pavement surface width is dependent upon several factors. The
 
actual design width required for the passage of two vehicles is
 
not always the major factor. Considerations, such as the
 
psychological hazards 
presented by obstructions close to the
 
edge of the road and the speed of oncoming and passing vehicles
 
must be made. Generally, the required width of the road is
 
greatly influenced by the design speed, i.e., greater speeds
 
generate a wider pavement requirement. Conversely, reduction in
 
speed will greatly reduce the psychological effect. of an on
coming vehicle and may allow a surface-width reduction.
 

Drainaqe Structure
 

The importanc of the proper drainage design and properly main
tained drainage structures cannot be over-emphasized. This is
 
particularly 
true in level and rolling terrain where water
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tends to pond in the vicinity of 
the road and where embankments
 
may block the natural drainage flows. In hilly and mountainous

terrain the natire of the terrain ensures adequate drainage of
 pavement surface, although 
cross drains are of paramount impor
tance. Drainage structures 
are generally constructed on the

inside curves where the swales are 
natural drainage formations.
 

Pavement Standards
 

Previous pavement designs in Syria have also been theoretically

based on a variety of internationally acceptable methods. A
properly designed and constructed pavement should guarantee a

long life and a fairly maintenance-free 
road. Like geometric

standards, however, there is 
no single economic design for all
 
highway pavements.
 

A study of the function of each component part of a pavement is
essential 
 new and
for each design, design is fundamentally

dependent upon bearing
the value of the subgrade, which often

is the natural soil. extreme
Under conditions these natural

soils are plastic or semi-plastic. This type of material, when

dry, has 
a fairly high inherent stability; however, pavement

designs are based 
upon the support value of the subgrade soils

when they are saturated, which is the soil's most 
adverse con
dition. Safety factors, therefore, are 
built into the design so

that the pavement, when constructed properly, will function

throughout its 
 design life regardless of natural external
 
factors.
 

In addition, the load-carrying capacity of 
flexible pavements

is determined by 
the load distributing characteristics of the
pavement layering system. 
Fleible pavements consist of 
 a

series of layers, with the highest quality materials at or near

the surface. Therefore, the 
strength of a flexible pavr'ient is
 a result of building up layers and distributing the load, by
virtue of the layers' shear strength, over the subgrade.
 

The primary function of a pavement structure is the distribu
tion of wheel loads so that the supporting capacity of the sub
grade soil is not exceeded.
 

The subgrade soil is the material 
upon which the pavement
structure rests, whether 
embankment or excavation, and the

characteristics and functions of the pavement structural layers
 
are as follows:
 

- The wearing surface may be a bituminous pavement mixture, a slab of Portland cement concrete, or granular material. 
The principal functions of the wearing surface of an asphaltic

paved road or a concrete road are to protect the base course
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from the wear and abrasive effects of traffic, to protect tne
 
base against the penetration of surface moisture, to distribute
 
load, and to be sufficiently stable tc prevent the surface from
 
being displaced under traffic loads.
 

- The base course may consist of untreated, crushed,
 
well-graded gravel or stone. The base course is 
a layer of very

high stability and density. The principal functions of the base
 
course are to withstand the high shearing stresses that may be
 
imposed by wheel loads, to distribute the loads to the subbase
 
or to the subgrade, and to prevent capillary intrusion of mois
ture from the ground water table.
 

- The subbase consists of pit run (sometimes classified 
material) sand and gravel and any selected material that pro
duces a specified California Bearing Ratio (CBR)o The bottom 
layer of subgrade prevents the intrusion of the more highly

plastic subgrade from entering the granular subbase and 
base
 
course material, and thereby contaminating them.
 

Class A roads, where th, traffic volumes 
are over 5,000 vehi
cles per day, will reciiie an asphaltic concrete surface. This
 
high type hot mix will better transmit the load to the base and
 

by local 


subbase courses. 

Class B roads also require a hot mix surface, but of a lower 
type mix, which is somewhat less expensive and may permit use 

contractors, who do not 
have access to asphalt plants

with associated dryer gradation control 
units and sophisticated

crushers. The use of medium curing bitumen (MC 60-70 penetra
tion) required ir. the high-type hot mix, has too high a tem
perature range for current 
local contractor methods. The use of
 
a lower-type hot plant mix product on Class B roads will permit

the use of aggregates and temperature requirements less than
 
300*F or 150°C.
 

The Class C roads will require either a single or double bitu
minous surface treatment when the traffic volumes 
are less than
 
1,500 but more than 400 vehicles per day.
 

Consultant studies indicate that pavement design for inter
national roads in Syria constructed during the last two plan

periods and those planned for construction during the coming

period is based upon the AASHO Pavement Design Method. In this
 
method, the thickness of all component parts 
of the pavement,

i.e., surface course, base course, and sjbbase course, are
 
determined based on the structural coefficients assigned to the
 
materials used in each course. In the 
U.S., where this method
 
was developed, these coefficients are determined by tests con
ducted by each State 11,1ghway Department. Tests are mandatory
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because these coefficients vary from region to region and must

be established 
for each area in which this design method is
 
used.
 

Therefore the AASHO Pavement Design Method should not be used
 
unless the following steps are taken:
 

- the adequacy of the design is verified by soils
 
material surveys, laboratory tests, 
and axle load studies,
 

- the construction methods used will actually attain the

construction quality required to the
achieve designed
 
strengths.
 

Although the internacional highway network pavements in Syria

are based upon the structural coefficients established in the
 
U.S., pavements are designed utilizing 
a bituminous base course
 
in lieu of a crushed granular base course. The reasons for this
 
are not clear because:
 

- There is an abundance of inexpensive base course

material 
in Syria. If the available base course materials are
 
found to be unsuitable there are stabilizing materials that can
 
be used to make them suitable.
 

- Although bituminous base course pavement, due to the
 
higher structural coefficient of 0.34, 0.14 for crushed
versus 

granular base course, requires greatly
a reduced pavement

thickness, it costs approximately 30 percent more per square

meter than a crushed granular base course pavement design.
 

3.3 CONSTRUCTION STANDARDS
 

The general success of any engineering design used in Syria

depends upon the construction industry's ability to perform

uniform and high quality work within applicable specifications.
 

The construction practices used 
in Syria have not always been

consistent with project specifications or design intent, where

the latter are known. Soir specific practices observe6 in Syria

are discussed 
below under the heading Execution of Work. It is
 
necessary to inspect the work of the public 
and private con
tractors to 
ensure that the work is being properly executed.

Recommendations for 
improving the overall engineering capabili
ties of the Government are discussed below under the 
heading
 
Engineerinq.
 

Syria is in an advantageous situation regarding most of the
 necessary materials required for highway construction: most are

indigenous. There 
is an abundance of satisfactory sources of
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rock, sand, and gravel, which are suitably located throughout
 
the country, and the subgrade conditions are generally ideal
 
for pavement construction with the exception of a few low-lying
 
areas. Limestone sources are available for the production of 
cement; petroleum prcducts and bitumen are processed from oil 
sources within the country. Occasionally, there are shortages 
in the production of -otroleum products, cement, and bitumen, 
but facilities are beil-g expanded to overcome these shortages.
 

Skilled and semi-skilled labor is readily available, although
 
key personnel must often be transported to areas that do not
 
have personnel with the appropriate background and training.
 

Any design of a major road is the end product of extensive lab
oratory studies, combined with empirical charts that are the 
result of extensive research and many hours of study and 
observations. 

The design is based on ideal laboratory conditions, and it is
 
unrealistic to assume that the field work can be carried out
 
identically with the design criteria thus established. Because
 
of this, certain safety factors are built into the design, and
 
3pecifications are prepared that stipulate the control of con
struction items for each project. By fol.owing such specifica
tions, design intents are ensured within planned tolerances.
 

It is realistic to require that maximum efforts be made in the
 
field to ensure conformance to specifications that are directly
 
related to design criteria. Inspection of construction prac
tices on international roads in Syria indicate that construc
tion operations are not always of professionally acceptable
 
quality levels, specifications are not always in evidence or
 
being followed, and designs are not always known.
 

Execution of Work
 

Comments on common construction practices noted during the
 
Consultants' field studies are as follows:
 

Embankments
 

The embankment of a road is the portion that is constructed
 
over the existing ground level up to the bottom of the struc
ture. The height of the embankment may vary, but to ensure that
 
there is no settlement of embankment materials from subsequent
 
consolidation of high soil volumes, the density must be prop
erly controlled during construction, otherwise it may distort
 
the pavement and eventually destroy it or cause maintenance
 
reconstruction costs.
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There are two basic control procedures for assuring correct
 
embankment density. The first is control of the compaction
 
through field density tests to determine that the required
 
compaction has been achieved. The second is to state in detail
 
in the contract documents the manner and method for construct
ing an embankment. The latter procedure is specified in the
 
General Specifications for International Highways in Syria. As
 
a matter of expediency, however, the specifications for embank-

Ment construction are not available or followed. Embankment
 
fills are often constructed with lifts of two meters or more in
 
depth and with little or no compaction effort applied. The
 
minor exception is when bulldozers are used to make a level
 
surface for dump trucks, which then desposit succeeding lifts
 
of material, but this does not produce adequate compaction.
 

Side-hill embankment fills are being constructed by dumping and
 
bulldozing loose material over unprepared slopes. Prior to con
structing embankments on side slopes, steps or benches must be
 
cut in the slope to ensure a bond between the slope and the
 
fill. Vertical compaction cannot be accomplished where the base
 
is not on a level plane.
 

Rock side-hill embankment fills are being placed in a manner
 
similar to that described above. The stepping operation in rc)Ck
 
fills on rock slopes is similar to that employed for earth
 
fills on earth slopes. Usually there can be no bond between the
 
rock fill material and the talus or scree covering the side of
 
the rock slope, and steps or benches are of prime importance.
 

Embankment culvert construction is often improper. The culvert
 
constructed within an embankment under the road surface to
 
permit the passage of water from one side of the road to the
 
other must, in reality, become a part of that embankment. If
 
the embankment fill is not correctly and densely compacted
 
around the culvert pipe, settlement may occur at some future
 
date, or water may seep through and cause piping, the process
 
in which water will carry away much of the fine soil that goes
 
into suspension. Eventually, serious damage to the embankment
 
and the culvert occurs.
 

Generally, when constructing a road, and particularly when con
structing an embankment, selected fill material is used to
 
build up the platform. The selected fill in all cases should be
 
of a higher quality than the subgrade. In many instances in
 
Syria, plastic clayey soils, with inferior characteristics that
 
are indicated by the plastic index of the soil, have been
 
placed over superior subgrade, or lowbearing in situ material
 
is simply covered with similar adjacent material.
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Although the naturJl angle of repose for most soils is approxi
mately 45 degrees, or a slope of 1:1, some soils will hold
 
temporarily on a steeper slope. For safety purposes, however,
 
the maximum fill slope should be 1:1. In many instances in
 
Syrian road construction, fill slopes have been built as
 
steeply as 3:2. These have precipitated embankment failures.
 

Excavation
 

In many instances, excavation practices contrary to the con
cepts of correct excavation procedures have been noted. Two
 
such deviations are as follows:
 

- Material is disposed of over the side of the embankment
 
slope, not only surcharging the slope but also blocking the
 
natural drainage.
 

- Blasting i done in folded limestone, where the stratum
 
of rock dips deeply into the cut. Because of the transmission
 
of seismic vibrations produced by the blasting, translational
 
sliding is likely to occur.
 

Culverts
 

The following culvert construction practices are found to be
 
common on road construction in Syria:
 

- Corrugated metal pipes are being placed in embankments 
after the embankment has been constructed. The excavation often 
is too narrow and restricted for the proper seating of the 
culvert and for the lateral compaction needed to counter any 
defjrmation of the culvert. The camber and seating of the pipe 
is unsatisfactory because of improper compaction. 

- Multi-plate bolts are not being tensioned to the
 
required specifications.
 

- Reinforced concrete box culverts, cast in situ, are 
often formed with the reinforcing steel poorly tied. The water 
cement ratio in the concrete mix is extremely high, as indi
cated by evidence of segregation of the coarse aggregates. 
Also, the lack of proper vibration has resulted in a great
 
amount of honeycombing, which results in exposed steel. In a
 
few cases, the 28-day compressive concrete strengths have been
 
in the vicinity of 80 kilograms per square centimeter in lieu
 
of the 210 kilograms per square centimeter required by the
 
specifications.
 

- At several locations, the length of corrugated culvert 
pipe was too short and ended under high embankment fills. The 
impeded flow of water will cause failure of the embankment. 
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Subbase
 

The Syrian general specifications indicate that subbase
 
material should be placed in 15 centimeter lifts and compacted
 
to a prescribed minimum density. However, the lifts being 
placed greatly exceed the specified thickness, often by up to 
200 percent. 

The current use of a vibratory compacter to compact the silbbase
 
lifts that are thicker than those specified has an adverse
 
effect on the subbase. One of the characteristics of the vibra
tory compactor is that there is a tendency to compact and lock
 
in the top of the layer. The result is the bridging of the
 
subbase course. The top 10 to 15 centimeters is then hard and
 
firm and the underlying material is uncompa tci. This will
 
result in a consolidation and deformation of the pavement.
 

Base Course
 

In the recent past, the Syrian International Road Design did
 
not utilize the standard crushed rock base course but rather a
 
bituminous base course. Some poor practices with the latter are
 
described below:
 

- Generally, the base course consists of an open grading 
with a small percentage of course aggregates. This results in a 
very poor, unstable combination where approximately 60 to 70 
percent of the mix consists of bitumen and fine aggregates. 

- The placing temperature of the bituminous base course 
should be 1300 C minimum. However, material is being placed at 
much lower temperatures, sometimes as low as 70°C. At low 
temperatures it is difficult, if not impossible, to compact 
this lift to the necessary density. 

- The coarse aggregate portion of the bituminous base
 
course is often screened river gravel, which is usuall,
 
spherical in shape. Additionally, because of its low melting
 
point, the 80-100 penetration bitumen will tend to lose its
 
viscosity at high moderate temperatures. This may result in a
 
base course that consists of lubricated, ball-bearing-type
 
aggregates.
 

- In numerous instances the bituminous base has cracked 
and has been removed. One major reason for the cracking is that 
the bituminous base course was placed over an unprepared or
 
improperly primed subbase, which resulted in a lack of adhesit.,,
 
between the two structural members of the pavement.
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Conclusion
 

"4ne disparities cited above between actual and good construc

tion methods practiced on the international highway construc
tion program are not isolated cases. They are widespread in the
 
road sectors being constructed by public contractors. Part of
 
the reason is that control and inspection by supervisory per
sonnel appear to have been inadequate or nonexistent.
 

Unless immediate action is taken to improve the standard of
 
road construction to comply with proper specifications and
 
designs, the accumulated substandard work will result in major
 
failures and excessive tuture costs.
 

These problems could he prevented by enforcing the requirements
 
set forth in correct specifications and designs. Laboratory
 
testing for compaction and approval of the work by the inspec
tion teams should be mandatory. These teams should be given
 
authority to reject improperly completed work.
 

Current practices are wasting significant quantities of the
 
resources allocated to road construction because of poor con
struction practices. In addition, road user costs will increase
 
if action is not taken to eliminate the problems that have been
 
identified.
 

Because the- oractices are widespread, it is possible that
 
even a standard road maintenance program would not provide
 
Syria with the fast, safe, and efficient transportation system
 
that is required for the projected movement of people and
 
goods. Because of these practices, it is apparent that newly
 
constructed links of the international road network will fail,
 
oL will require major rehabilitation in the near future.
 

Engineering
 

Primary Network
 

The engineering responsibilities for inspection and supervision
 
of construction of primary roads are assigned to the Ministry
 
of Communications and are discussed in Chapter 2.
 

Secondary and Tertiary Networks
 

The responsibility for the engineering, construction, and
 
maintenance of the secondary and tertiary networks is at the
 
Mohafaza level. There is a Directorate of Communication in each
 
Mohafaza to oversee this work. These directorates are under the
 
administrative supervision oC the Ministry of Local Affairs,
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but are supposed to receive kechnical directio\ from the Minis
try of Communications. This 
is also discussed in Chapter 2.
 

The degree of Mohafaza level engineeing participation 'in con
struction 
work varies markedly throughout the nation. At some

Mohafazat the engineering and construction is carried out by

Mohafaza personnel. At others, the engineering are carried out

by 
the Mohafaza engineers, but the actual construction work is

carried out by local construction companies. other
At Moha
fazat, government personnel perform only the 
design engineer
ing, leaving both construction and quality control to the
 
contractor.
 

One reason for these differences is that some Mohafazat are

poorly equipped and understaffed with qualified personnel. Only

three of the Mohafazat have operating adequate
laboratories 
 to
perform the tests required, although 
much of the construction
 
is being performed by private construction firms. In a few
instances the construction firms perform the tests, but the

Mohafaza personnel 
are often unaware of the results.
 

A review of the basic road design and the unit cost shows that

they vary, but it appears that this may be in 
part because
 
soils and aggregates vary widely as do the hail 
distances.
 
Similar problems are often treated differently by the personnel

of various Mohafazat because there is little or communicano 

tion between Mohafazat during which these differences could be
 
discussed and general experience could be compared.
 

The recommended functions 
of Directorate of Communications
 
personnel at 
the Mohafaza level are summarized below:
 

- designing new roads,
 

- preparing specifications for the projects,
 

- advertising new qualifying
work, contractors, and
 
evaluating bids;
 

- performing all the tests required during construction
 
and determining if work is being done properly,
 

- inspecting the work and certifying work performed
 
properly.
 

In this regard one of the first priorities should be to set up

proper laboratories and training centers. The 
laboratories
 
should be equipped and to the
staffed perform following
 
functions:
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- laboratory ma-imum density tests,
 
- field dentit"ytests,
 
- Atterberg limit determinations,
 
- concrete compression tests,
 
- gradation tests,
 
- bituminous extraction tests.
 

Other tests, such as the CBP (California Bearing Ratio) test
 
and the Los Angeles Abrasion Test, should be performed at the
 
Ministry of Commu-iications' laboratory in Damascus or the
 
regional laboratories. It will not be necessary at this time to
 
perform the Marshal tests for the secondary and tertiary roads
 
because they are designed to be surfaced with bituminous
 
surface treatment and low type hot mix (Miller Mix).
 

At least once every three months a meeting of the Directors of
 
the Directorates of Communications should be -onvened for the
 
exchange of ideas and discussion of work to be performed; the
 
objective should be the standardization of approach. Addi
tionally, personnel assigned by the Directorates of Communica
tions should be highly skilled and they should be responsible 
for coordinating and guiding all Mohafaza level engineering 
activities. 

3.4 MAINTENANCE
 

General
 

The responsibility for road maintenance has been reassigned a
 
number of times in the last decade. Currently, maintenance of
 
all intercity roads (primary, secondary, and tertiary) is the
 
responsibility of the Directorate of Communications in each
 
Mohafaza, except for periodic resurfacing projects exceeding 10
 
kilometers in length, which are the responsibility of two
 
public sector construction companies (see Chapter 2 for details
 
of this division of responsibility).
 

The Consultants' review of the Government's budget for road
 
maintenance indicates that the allocation levels may be suffi
cient to properly maintain the primary road network. The
 
adequacy of maintenance funding for secondary and tertiary
 
roads is less clear. Accurate information on maintenance fund
ing for these two classes of roads is not available at the
 
central Government level. The Ministry of Local Administration
 
estimated that in 1979 48 percent of the development budget and
 
80 percent of the independent budget were spent for road main
tenance. This provided an estimated 125 million SP for mainte
nance expenditures in 1979, a low but reasonable level. How
ever, an examination by the Consultants' staff of detailed
 
expenditure records in Lattakia Mohafaza for 1978 and 1979
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showed that the Mohafaza spent no development funds for mainte
nance, and the amount of the independent budget spent for main
tenance ir the two years was 
27 percent and 5 percent, respec
tively.
 

Whatever the level fundingtrue of 
 is, road inventory data

indicate <lat the 
road network is not being maintained prop
erly. This has been verified by visual inspection.
 

This condition is not 
uncommon in developing countries where

highway authorities have a tendency to 
place high priority on

expanding the road network 
and low priority on road mainte
iairnce, which is gene:a~lly the least glamorous of 
the highway

authorities many func-tions, 
ard even if properly executed, is
 
often unrewarded.
 

This tendency to place low 
priority on road maintenance has

reached a critical level in Syria where 90 percent of 
the road

surface condition is now 
in only fair to poor condition. An

intensive maintenance program, begun immediately and observed

faithfully, would not only 
improve the general serviceability

of the existing network but would also greatly 
decrease the
 
cost of periodic reconditioning.
 

Basic road maintenance: guidelines, including objectives, appli
cations, methods, and frequency, _re considered in this study.

Such parameters are considered to be a first step to identify
ing maintenance needs in Syria.
 

The Consultants 
believe that there are people involved with
 
road maintenance in all levels Government who require
of 
 some

training in tie significance of maintenance operations, 
the
 
scope of maintenance work, and 
thu technical imrocedures re
quired to plan, equip, staff, and 
execute maintenance programs.
 

There are a number of technical, administrative, and organiz.
tion observations 
that have led to this conclusion. First, the

information received date road
to regarding maintenance has
 
proven to 
be incomplete, although such information was re
quested and should have 
been available in all the appropriate

organizations' files. Secondly, it was observed that 
mainte
nance work recently completed was failing, indicating that

either improper diagnosis of the problem was made 
or the
 
repairs were 
made using improper procedures. The little mainte
nance work actually observed to be in 
 progress was being

executed improperly. 
For example, potholes were patched without

cleaning and preparing the damaged area 
prior to patching.

Third, a review of maintenance equipment lists and 
shop facili
ties indicate that the serviceability of existing equipment

questionable, considering 

is
 
the variety of equipment models and
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in keeping spare parts stocked for
the accompanying difficulty 

such a variety. Finally, discussions with responsible officials
 

indicated that they are unaware of the extent of their respon

sibility, were not being properly funded to carry out their
 

obligations, or were spending their budgets on upgrading old
 
roads or building new ones.
 

Basic Guidelines
 

that minor defects are observed early,
Good maintenance means 

diagnosed properly, and repaired immediately. Early and proper
 

diagnosis is important, because defects that appear on the
 
the course.
surface may have their roots in base or subbase 


Both neglected and improperly repaired defects will inevitably
 

result in a major and more costly repair at a later date.
 

Proper scheduling of maintenance is essential to the efficient
 

operation of the network, and traffic volume is a major consid
on a road used extensively
eration. For example, a lone pothole 


for heavy traffic should be repaired quickly even if the re

mainder of the road is in relatively good condition.
 

Generally then, the two essential elements of good maintenance
 

are 
early detection of problems by experienced maintenance
 

personnel and speedy repairs. These can be accomplished by
 

regular inspection, especially of high traffic volume roads
 

where defects can significantly affect the proper operation of
 

motor vehicles and unrepaired defects will rapidly worsen.
 

routinely undertaken to
Maintenance activities that should be 


ensure that the network does not deteriorate faster than neces

sary under normal conditions of traffic uses are:
 

- patching asphaltic concrete and hot mix pavements,
 

- skin patching bituminous pavements,
 
- base repairs,
 
- shoulder repairs,
 
- reshaping and machining ditches,
 
- hand ditching,
 
- erosion control,
 
- cleaning culverts and drains,
 
- cutting grass and brush,
 
- minor repair of structures,
 
- repairing and installing signs and markers,
 
- line painting.
 

Current Practice, Observations, and Comments
 

Patching is required on asphaltic concrete roads, hot miz
 

roads, and multiple surface treated roads where the thickness
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of pavement under periodic resealing has increased the depth of
pavement to over 3.5 centimeters or where additional strength
is required of the patch, as 
in the following circumstances:
 

- to replace pavements that have become broken into such

small pieces that they cannot be otherwise repaired,
 

- where base or subgrade failure 
is the cause of distress
 
and the base or subgrade has to be corrected,
 

- where surface correction by skin patching is impractical or uneconomical, or where the depth of surface deformation
 
dictates the use of a patch,
 

- where pavement edges are ravelling,
 

-
 where utility cuts have been made through the pavement.
 

Pothole 
repairs observed during inspections indicated that

holes were simply being 
filled with premix material without

first repairing 
the base courses, removing loose adjacent mate
rial, or applying a tack coat.
 

Because patching is a reaction to pavement breakup, no 
specific
frequency can be established. Every road should be inspected at
least once per month for signs of distress, incipient breakup,

and the formation of potential hazards.
driving Temporary

patching is 
the minimum reaction to such inspection.
 

Temporary bituminous patches should be placed when 
the weather
will not permit permanent patching, when
or the crew schedule

and extent of patching required do not allow for 
the immediate
 
placement of permanent patches.
 

The amount of patching required on bituminous paved highways

can vary considerably from to
road road. 
It has been established that pavement maintenance requirements vary primarily as
 
a function of:
 

-
 type of pavement (including base and subbase),
 

- traffic volume, particularly the volume of 
 heavy
 
vehicles using the road,
 

- width of the pavement or traffic lanes, particularly
 
for light pavement,
 

- the percentage of steep grades and curves in the road
 
alignment, again, particularly for light pavements.
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should be subject to a more
Additionally, all bituminous roads 

a
detailed examination and assessment of pavement defects twice 


year: once before the start of the rainy season in order to put
 

the best possible condition for the rains,
the pavement into 


and once prior to a regular scheduled season for major patching
 

afford the best weather for such
works. The time chosen should 


work, usually shortly after the rains.
 

Subsequent to any inspection, it is very important that correct
 

executed promptly so as
maintenance procedures be selected and 

under
to keep down excessive costs and prevent further damage 


of asphalt pavements in particular, which
traffic. In the case 

and base for
 are generally highly dependent on 	dry subgrade 


water
their strength, prompt maintenance 	to exclude excessive 


pavement is of the utmost
infiltration throughout a damaged 


importance.
 

all paved surfaces be

Additionally, it is important that 


at least once a month for signs of distress, incipinspected 

ient breakup, and the formation of potential driving hazards.
 

to
Temporary patching of an emergency nature is the reaction 


such inspection.
 

Base repair is required when:
 

- structural failure has occurred or is occurring in the 

pavement surface due to inadequate support, 

- the pavement has been cut in order to install or repair
 

a utility or a drainage pipe.
 

subbase may be encountered,
Many different types of base and 


requiring different remedial action 	and repair techniques,
each 

to all base repair
but certain procedures are common 


operations:
 

- Before repair is started a study should be made to
 

failure and the remedy required.
determine the cause of 


or
The remedy selected should be structurally equal to
-
the same layer.
better than the surrounding material in 


The remedy should also duplicate as 	closely as possible
-


the drainage characteristics of the surrounding material, and 
create one by
must never constitute a potential water pocket or 


blockiiq drainage.
 

Common to all base repairs, however, is the importance of
 

thorough compaction of all layers of the reconstruction. This
 

only be achieved with desired uniformity by close attention
 can 
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to layer thickness and compactive effort. The use of mechanical
 
or pneumatic compactors is essential to realize the quality of
 
compaction required.
 

Present base repair methods include the filling of ruts, holes,
 
depressions, or other areas of failure with locally-available
 
material and allowing the vehicular traffic to provide com
pactive effort.
 

Base repair should normally be carried out at the same time as
 
pavement patching. It should be noted that base repairs are
 
sensitive to weather conditions and the timing of such repairs
 
is critical.
 

Reshaping is required on shoulders when:
 

- the surface is becoming rutted or distorted so that 
cross-shoulder drainage is impeded or chiannelized, 

- the shoulder surface is washboarded, distorted, or
 
ponded and soft, and therefore unattractive to drivers.
 

The only shoulder-reshaping maintenance operation noted in
 
Syria has been in an area where traffic has completely ripped
 
up the shoulders. The surface course of the pavement has ravel
led extensively on much of the network because there is no
 
shoulder maintenance. Repairs, when made, are executed by dump
ing truck loads of river run gravel on the shoulder and filling

the ruts with this material. Little compactive effort is
 
attempted, nor are the repaired shoulders being properly sloped
 
to allow drainage of water away from the edge of the pavement.
 

Ditch maintenance has been neglected on all road classes with
 
visible evidence or actual practice noted only in conjunction
 
with new construction or overlay projk:7ts.
 

Generally, ditch cleaning 
and shaping is done simultaneously
 
with shoulder maintenance and involves both machine and 
labor
 
methods. Machine applications are self-evident, while hand
 
operation may be best for:
 

- interceptor ditches (toe-of-cut slope),
 

- toe-of-fill ditches,
 

- paved toe-of-cut ditches,
 

- channels or streambeds leading to or from cross
 
culv.erts,
 

3-53
 



- exit channels where underdrains emerge into daylight,
 

- fill slope flumes,
 

- turn-out ditches or lead-off ditches from cuts.
 

Some hand ditching is also necessary in conjunction with clean

ing and reshaping ditches with machines, and in periods between
 

machine operations, particularly duriny the rains, when ditches
 

must be kejct free from obstruction.
 

Erosion control measures are needed to avoid severe channeling, 
ravellinq, and erosion on uncompacted surface of fill slopes. 
Characteristically these take the following forms: 

- planting grass,
 
- turfing the slopes,
 
- paving high erosion shoulder areas.
 

Other erosion control measures such as riprap or ditch checks
 
are usually found in drainage ditches and channels and should
 
he maintained concurrently with hand ditching operations.
 

Cut slopes often require benching to increase slope stability 
and decrease slope erosion. The benches can be destroyed by 
run-off, especially if surface and slope erosion is allowed to 
channel water over (and later through) the edges of the benches
 
and must therefore be properly drained to prevent erosion -rom
 
starting.
 

Field observations noted that some reconstruction effort has
 
taken place in areas of extreme erosion, but effective erosion
 
control, as a form of maintenance, does not occur.
 

Miscellaneous cleaning operations are also a vital part of a
 
drains
well-functioning maintenance organization. Culverts and 


must be cleaned, for example, when:
 

- they begin to fill up with silt or sand,
 

- rocks, branches, or other foreign matter are deposited
 
or sucked in or along the length of the culvert.
 

Additionally, bridge deck gutters must be cleaned when silted
 
and deck drains should be kept open. There is no evidence that
 

this maintenance is being done on a regular basis.
 

Roadside maintenance includes cutting to reduce weeds, grass, 
and young woody and grassy growths on the highway right-of-way 
and, to a limited extent, along drainage ditches and canals 
leading to and from the highways. 
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Cutting is necessary when:
 

- the driver's 
 sight distance 
 is being reduced by

vegetation,
 

- drainage channels and ditches or culvert openings are
being, or may be, obstructed by vegetation,
 

-
 the neat and orderly appearance of roundabouts, traffic
islands, medians, and side areas 
is being lost.
 

There is no evidence that cuttinq is done 
in the western part
of Syria where rainfall makes this a problem.
 

Although power mowing is commonly used in countries where labor
rates 
are relatively high, the Consultants recommend the use of
hand tools 
in Syria for the immediate future.
 

Minor structural repairs should be made 
to all broken, badly
cracked, malfunctioning, 
spalling, or otherwise damaged 
concrete o,-
 masonry works to preserve the structural and fun(tional integrity of the 
works and to prevent a spread of the
damage.to the structure or damage to other highway elements.
 

Generally, 
culvert head walls throughout Syria have deteriorated, allowing cracks 
and separations betwecn the 
entrance
slab and 
the head wall, and considerable water is piping under
many pipes. Additionally, exposed reinforcing 
steel on bridge
structures has 
been noted in 
an advanced stage of oxidation.
 

Traffic 
signs are subject to damage by 
traffic and vandalism,
to deterioration 
due to weather, and being
to obscured by
coated dust and 
dirt and growing vegetation. Most Syrian network signs are oxidized and in poor condition with little or no
indication of maintenance.
 

Signs that 
are badly damaged or disfigured should be replaced
and the damaged sign taken 
to the district shop for repair.
Concrete markers such as kilometer stones will need repainting
periodically to keep them legible.
 

Center lines should 
be provided along the full 
length of all
paved highways, and no-passing guidelines should be provided to
indicate locations where passing 
is not 
safe. Where there
little demarcation 
between the roadway and 
is
 

shoulder surface,
edge lines should also be provided.
 

Lines are 
marginally adequate on primary-road center lines but
nonexistent on both the edges of roads demarking shoulder areas
and on secondary and tertial-y 
roads. Maintenance 
of existing
lines should be 
a periodic function of 
a maintenance operation.
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Mohafaza Maintenance
 

The inspection of the Mohafaza organizations and their poten
tial for maintaininq the roads at necessary levels indicate
 
that there is considerable variation among them. The Consult
ants believe that although all of the Mohafazat inspected can
 
maroinally maintain the roads at their present levels, the
 
majority are not capable of fulfilling their obligations
 
because of their limited maintenance capacities.
 

Accordingly the Consultants have made an analysis of Mohafaza
 
conditions and capabilities and the needed remedil measures,
 
upon completion of the road inventory when all data were
 
available.
 

The road inventory was completed in July 1980. At the conclu
sion of the inventory, the surface width and the type and
 
condition of the roads were established. During the inventory,
 
it was noted that the exceptionally heavy rains during the fall
 

of 1979, winter of 1979-1980, and early spring of 1980 have
 
qreatly changed the road conditions in some areas where drain
'1-1 facilities were insufficient to cope with the excessive 

wa t 1: r. 

In rder to more accurately ascertain the capability of eac. 
1, hcfaza to perform the maintenance of its roads, a question-

IdAire was prepared for the Directorate of Communications at 
each Mohafaza, with the exception of the Damascus Mohafaza, 
which was not considered to be representative, and Al Quneitra 
Mohafaza, which was inaccessible. 

It.was initialiy expected that the questionnaire would be cir
culated to the Mohafazat to be completed and returned. After it
 
was determined that this would be impractical, some further
 
delays were caused by the limited availability of required
 
counterpart personnel. A minimum of two trips were made to each
 
of 11 Mohafazat, however, and in all but two cases the informa
tion requested was supplied.
 

In the questionnaire, information was requested regarding the
 
numbers and classes of roads that were the responsibility of
 

each Directorate of Communications for both major and minor
 
maintenance. The number of kilometers by classification that
 
were physically maintained by the Mohafazat and what portion,
 

by class, that was delegated to contractors under Mohafaza
 
supervision were also requested.
 

or
Additionally, each Mohafaza was asked to designate whether 

laboratory facilities were available to the Directorate of
not 


Communications personnel.
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Pertinent results of the questionnaire from nine of the eleven
 
Directorates of Communications follow. An average has been
 
taken where indicated. The average number of each piece of
 
equipment and the average number of brands are shown in Table
 
3.4.1. The number of kilometers that the Directorates of Com
munications are responsible to oversee or physically maintain
 
is shown in Table 3.4.2. The Consultants assume that all main
tenn-p not performed by Mohafaza personnel is performed by the
 
MOC for international roads and by private contractors for
 
national, secondary, and tertiary roads.
 

Only three of the Mohafazat studied-llama, Deir Ez Zor, and Al
 
Suweida - have laboratories.
 

The equipment operational at the time of the questionnaire is
 
generally sufficient to maintain the roads indicated by the
 
directorates.
 

It is to be emphasized, however, that the number of kilometers
 
indicated in Table 3.4.2 are those assigned for maintenance,
 
but they are not necessarily being maintained even though the
 
maintenance capability exists. Equipment is being used for
 
other purposes. Although maintenance sufficiency is there, it
 
can only be utilized if non-maintenance operations are under
taken by contractors, or if additional equipment is obtained.
 

Internationally recognized parameters and definitions of main
tenance represent only part of maintenance as viewed by the
 
directcrates, which include upgrading, betterment, and resur
facinq to a higher standard as part of maintenance. Taken in
 
the directorates' context, available equipment in each Mohafaza
 
will not suffice.
 

Additionally, as discussed in Section 2.3 above, the Consult
ants recommend a maintenance advisory service and training
 
contract that would commence for approximately two years.
 

3.5 RURAL ROADS
 

Functions and Needs for Rural Roads
 

Rural roads have been defined by the Consultants as being earth
 
or gravel with a low volume of traffic averaging less than 400
 
vehicles per day. 2 The Consultants estimate (based on Central
 
Bureau of Statistics data) that the total length of such earth
 
or gravel rural roads in Syria in 1979 was 5,200 kilometers.
 

2 It is recognized that some roads with a traffic volume below
 

400 vehicles a day are not specially for rural use.
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Table 3.4. 1 

AVERAGE NUMBEIRS oF' PIECE,) OF MOHAFAZA EQUIPMENT FH .iTYPE 

Average Average 
Numbers Numbers 

Type of pieces of Brands 

Bulldozer 4 3 

Front-end loaders 4 3 

Dump trucks 14 5 

Motor graders 3 3 

Compactors (static) 15 1 

Compactors (vibratory) 1 1 

Asphalt mixers (miller) 4 1 

A total of nine in nine Mohafazat
 

Table 3.4.2
 

AVERAGE KILOMETERS OF ROAD AND PERCENT MAINTAINED BY
 

MOHAFAZAT PERSONNEI4
 

Class of road Kilometers Percent
 
of roads Maintained by
 

the Mohafazat
 

International 76 0 

National 93 24 

Secondary 714 57 

Te r t ia y 482 100 

Source: Consultants' estimates.
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Such roads link fa-ms to markets, population centers, and local
 

points of health, educational, and social services, and to the
 

primary, secondary, and tertiary road networks. In as much as
 

rural roads vary greatly by cross-section and include tracks,
 
classification is necessary for purposes of planning and
 

development. The criteria adopted by the Ministry of Local
 
Administration for priority upgrading and construction during
 
the 4th Five-Year Plan were:
 

- The road must connect to an existing all weather road 
that leads to markets, agricultural collection centers, pro

cessing centers, or social service centers. 

- The road will have a potential for increasing agri
cultural. production in the area and will provide an assured 
access to markets for production. 

- The road will serve a significant number of small
 
farmers within the road's area of influence.
 

- The area of influence of the proposed road must be
 
substantial.
 

The rural areas of the country are diverse. They differ in
 

physiographic features and in existing infrastructure facili

ties, such as transport and social services. Many areas do not
 
have all weather rural roads. These deficiencies hamper devel
opment in agricultural production and animal husbandry. In many
 
instances there is either inadequate accessibility by road or
 

the transport costs in terms of time, capital, and convenience
 
are too high for intensive agricultural activity.
 

During the Consultants' visual inventory, all road links inves

tigated were anchored to terminals previously located on exist

inq secondary and tertiary roads. It was noted that as the
 

progression from terminals increases the surface quality and
 

condition decreases till the midpoint of the link. As the
 

farther terminal is approached the surface type and condition
 

improves. At the point of deepest penetration the roads are
 
practically impassable.
 

Physical access is a necessary step to bring those areas,
 
previously remote and isolated, into the orbit of the market
 

economy. Detailed quantification and location of the require

ments of all these areas for rural road upgrading and construc

tion are not possible without a detailed nationwide rural
 
survey. However, with the data available, such requirements can
 

be gauged on the basis of broad socioeconomic factors in the
 
rural areas.
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The requirements have to be considered in 
terms of benefits and
 
costs. In broad terms, the major benefits fall into the follow
ing specific categories:
 

- increase in agricultural production,
 

-
 enlargement of market radius for agricultural products,
 

-
 facilitation of long-distance transportation and trade
 
of agricultural commodities,
 

- provision of increased access to consumer facilities,
 
services, and goods in rural areas,
 

- employment and 
income effects of increased construction
 

and investment in local roads.
 

Rural Road Inventory
 

The Consultants inventoried a total of 1,537.8 kilometers of
 
rural roads. The results of the road inventory, by Mohafaza and
 
surface type, are shown in Table 3.5.1.
 

Of 1,537.8 kilometers of rural road inventoried, 24 percent

(375.9 kilometers) have a bitumen surface, 31 percent (469.8

kilometers) a gravel surface, and 45 percent 
(692.1 kilometers)

have an earth surface. The inclusion of bitumen roads in the
 
inventory, which appears to conflict with 
the definition of
 
rural roads given above, is the result of two main factors. The
 
first is that earth or grave] rural roads often are paved with
 
bitumen near their terminals with other roads. The second fac
tor is that roads that would otherwise be classified as rural
 
roads have been paved with bitumen even though the higher type

surface would not be justified by the low traffic volumes.
 

The very low traffic volumes observed on most of the roads
 
during the inventory indicate that expensive upgrading may not
 
be required, especially in areas where the natural drainage is
 
good and the soils are not too plastic. In such areas, a proper

maintenance Program will suffice for the immediate future.
 

In areas of poor natural drainage and highly plastic soils,
 
such as the Mohafazat of Dera'a, Al Suweida, Al Raqqa, Al Has
sakeh, and Deir Ez Zor, some sort of an all weather surfacing

L3 needed. The highly clayey soils in 
these areas are subjected
 
to deep rutting during the rainy seasons and are difficult to
 
traverse during the dry season due to the now permanent ruts. A
 
gravel road will suffice in these areas if the grade of road is
 
-aised above that of the natural -prrain. In this case, cul
verts would still be required to allow the free passage of 
water. 
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Table 3.5.1
 

RURAL ROADS INVENTORIED
 

BY MOHAFAZA AND SURFACE TYPE
 

(Kms)
 

Mohafaza Earth Gravel Bitumen Total
 

Damascus 37.10 - - 37.10
 

Aleppo 156.19 125.30 30.51 312.00
 

Homs 104.00 - - 104.00
 

Lattakia 132.04 79.44 64.52 276.00
 

Deir Ez Zor 20.00 - - 20.00
 

Idleb 16.20 79.60 - 95.80
 

Al Hassakeh 49.73 57.20 9.07 116.00
 

Al Raqqa 68.60 124.04 90.36 283.00
 

Al Suweida 21.75 - 111.25 133.00
 

Dera'a 71.01 4.71 46.17 122.00
 

Tartous 15.50 - 23.40 38.90
 

Total 692.12 469.75 375.92 1,537.80
 

Source: Consultants' inventory.
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In the Al Suweida and Dera'a Mohafazat good use has been made
 
of the rock-strewn terrain. The rocks are used for constructing
 
Telford base or macadam-rock roads and the rocks are either
 
stabilized by mineral filler or bitumen. These roads have
 
withstood traffic much better than the average gravel road or
 
one covered with a single bituminous surface treatment (SBST).
 

On the hilly terrains of Aleppo, Lattakia, and Tartous, a
 
limited number of roads with very steep gradients that are
 
presently paved with gravel are recommended for a pavement
 
(SBST). This impervious layer, if properly constructed, will
 
drain the water and prevent loss of fines in the gravel
 
material.
 

Table 3.5.2 summarizes the results of the Consultants' rural
 
road inventory in terms of surface type, road width, and sur
face condition. The data in Table 3.1.2 indicate that approxi
mately 67 percent of the roads inventoried are wider than the
 
Consultants' recommended standard for this class of road and
 
12.4 percent of the roads are narrower than standard. Forty
five percent of the roads are earth surfaced and should be up
graded to a gravel surface, and 24.5 percent are paved to a
 
higher standard than is justified by present traffic volumes.
 

Most significant is the obvious lack of maintenance on these
 
roads; 95.5 percent have surfaces in fair to very poor condi
tion. The existing rural roads and tracks are rather extensive,
 
but the neglect of maintenance is obvious on practically all
 
the network. In a number of instances, the deterioration of
 
roads has caused the villages to be partially abandoned and the
 
terraced fields fallowed.
 

The earth surfaced roads have suffered most and in many in
stances become impassible even for farm tractors. This situa
tion is worse in areas on clayey soils and better in hilly and
 
mountainous terrain. Most of the gravel rural roads inventoried
 
have lost their fine binder and have a surface of large stone
 
with no cohesion. Drainage is virtually nonexistent. The road
 
surface deterioration increases as the roads penetrate deeper
 
into the rural areas. The earth roads which traverse the wheat
 
fields often lose their identity of alignment and width, In
 
some areas, sections of minimal traffic were covered by growing
 
wheat plants. There is little doubt that to ensure traffic pas
sage to many of the rural areas an active effort must be made
 
to maintain the rural roads. Upgrading the majority of the
 
roads will eventually be required, if for no other reason than
 
to reduce maintenance costs.
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Table 3.5.2 

RURAL ROAD LENGTH STATISTICS 

(All roads recommended class D) 

Surface Type 

Earth 
Type 

Gravel Single 
Bituminous 
Surface 

Treatment 

Total 

Kms 

Percent 

692.12 

45.0 

469.75 

30.5 

375.92 

24.5 

1,537.80 

100.0 

Road Width in Meter 

Kirs 

Percent 

Over 6.6 

199.44 

13.0 

6.4-6.0 

298.97 

19.4 

5.4-5.9 

96.68 

6.3 

4.5-5.3 

435.56 

28.3 

3.5-4.4 

315.87 

20.5 

Below 3.5 

191.29 

12.4 

Total 

1,537.80 

100.0 

Surface Condition 

Very 
Good 

Good Fair Poor Very 

Poor 
Total 

Kms 

Percent 

0.00 

0.0 

69.00 

4.5 

936.45 

60.9 

523.92 

34.1 

8.44 

0.5 

1,537.80 

100.0 
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Rural Roads in the National Road Network
 

The 1t 19 Syrian road system comprised a total length of 13,510
 
kilometers of paved roads plus 
an estimated 5,000 kilometers of
 
local earth and gravel roads. The total length of the paved
 
road network has expanded fourfold during the last 20 years and
 
two times during the last 10 years. Today virtually all admin
istrative centers down 
to Mantika centers with a population of
 
4,000 or more are served by the main paved network. In recent
 
years, there has been a marked bias in road investment to paved

roads, with emphasis on urban, inter-urban, and inter-regional
 
roads, and only limited attention to rural roads. From 1965
1977, while the asphalted roads increased annually by 6.7 per
cent in total length, that of non-asphalted roads increased by
 
4.1 percent, and that of earth roads by 1.0 percent. All the
 
earth and gravel roads are rural roads.
 

When the 
growth figures of rural roads are compared with those
 
of agricultural production, land 
area under crops, and rural
 
population, the lag of rural road extension is obvious and
 
tends to accelerate as agricultural development progresses.
 

The international, interregional, and inter-Mohafaza roads are
 
main lines of substantial traffic. The rural roads are local,

village, and farm routes, which should cover the rural areas
 
extensively and densely. 
They play a feeder and base level
 
transport infrastructure role for agricultural activities. 
The
 
artery roads are essentially linear or corridors of traffic
 
flows with increasing alternate routes as 
the system expands.
 
The rural roads are to a significant extent areal in coverage.

Therefore, the total length of rural 
roads should be propor
tionate to agricultural area if rural road density remains
 
constant, and their ratio may decrease as the road system
 
expands more than the expansion of agricultural area. This is
 
the case in Syria, where this ratio consistently declined since
 
the 1960s.
 

As shown in Table 3.5.3, the ratio between earth roads and
 
asphalted roads fell from 0.67 in 1960 to 0.26 in 1970 and to
 
0.21 in 1977. Meanwhile, the ratio between the combined length
 
of earth and gravel roads also declined from 1.49 in 1960 to
 
0.74 in 1970 to 0.59 in 1977.
 

It should be pointed out, however, that during the decade 1967
1977, the rural roads increased at a much faster rate in the
 
northeast than for the country as 
a whole. This applies to both
 
earth and gravel roads. For the nation as a whole, while the
 
asphalted roads doubled their total 
length during this period,

the earth and gravel roads combined increased by 63 percent.
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Table 3.5.3
 

LENGTH OF ROADS 1960 -1970
 

(Km)
 

(1) (2) (3) Ratios 
Earth Non-Asphalted Asphalted (1)/(3) (1)+(2)


Year Roads 
 Paved Roads Roads 
 (3)
 

1960 2,780 3,440 4,170 
 0.67 1.49
 

1965 2,179 3,278 5,914 
 0.37 0.92
 

1970 2,091 3,864 
 8,096 
 0.26 0.74
 

1975 2,263 4,288 
 10,740 
 0.21 0.61
 

1977 2,596 4,787 
 12,437 
 0.21 0.59
 

Source: Compiled from Central Bureau of 
Statistics data.
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Projected Requirements for Rural Roads
 

The overall projection of requirements for rural roads requires

consideration of a number of factors. 
For a given Mohafaza
 
these include:
 

- The density of the present network. The better a Moha
faza is presently served with rural roads, 
the less the future
 
requirements will be.
 

- The relationship between cultivable land and total land
 
area. 
The more dispersed a Mohafaza's land is, the greater the

length of roads that are required to serve it. An example can
 
be found in Deir Ez Zor, which presently has an estimated 6.65
 
kilometers of rural road 
per hectare of cultivable land, 7.5
 
times the national average.
 

- Increases in agricultural productivity and area of
 
cultivable land.
 

As noted, th: primary economic purpose of rural roads is
 
increased agricultural production through better access to
 
inputs, markets, and information. The roads also serve social
 
purposes by providing rural people with better access 
to educa
tion, medical care, entertainment, and consumer goods. Indeed,

studies in other countries have shown that all weather rural
 
roads help reduce outmigration from previously isolated rural
 
areas. The increased economic and social opportunities reduce
 
the attractiveness of the urban areas, particularly for young
 
people.
 

It is obvious that increased agricultural production is 
not a
 
function of roads alone. Increasing yields due to greater use
 
of fertilizer and new varieties, 
increased extension services,

and other infrastructure are also important factors, but based
 
on 
experience outside Syria, the Consultants estimate that from
 
one-fourth to one-third of increased 
agricultural production
 
can be attributed to rural roads. The lower figure 
has been
 
chosen for Syria to 
be used as an elasticity of demand for
 
rural roads because of the relative density of the present
 
Syrian Class D road network.
 

The one exception to this elasticity is the Euphrates Basin
 
site, which is by far the most extensive agricultural project

in Syria. Ultimate plans to utilize the waters of Lake Al Assad
 
call for the irrigation of a total of 645,000 hectares; divided
 
by Mohafaza this amounts to approximately two-thirds in Al
 
Raqqa, one-fourth in Deir Ez Zor, and the remainder in Aleppo.
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Based on the Highway Development Study for Northeast Syria 3
 
and interviews with officials in 
the northeast, the Consultants

estimate that a 
total of 125,000 hectares will have been

brought under irrigation by 1985 and an additional 409,000 will
be irrigated by 
the year 2000. At that time, only the Rasafeh

and Mayadeen basins will remain, and they may come into 
the
system in the next 20 years if 
the major salinity problems can

be solved. Because of the substantially greater intensity 
of

cultivation and the smaller 
average 	farm in irrisize 	 these

gated areas, greater elasticities of demand for roads have been

assumed. The assumed elasticities for Al Raqqa are .3 in 1985
and 1.0 in 2000. For Aleppo and Deir Ez 
Zor they 	are unchanged

for 1985, since 
they will be little affected by then, and

elasticities for the year 2000 	

the
 
are .3 and .5, respectively.
 

To take into account the factors discussed above, the Consult
ants have projected rural road requirements for each Mohafaza

for the years 1985 and 2000 using the following equation, with
 
elasticities adjusted = noted above:
 

RRa = 	 LA x RDb x (GDAHa 4 GDAHb).2 5 

where:
 

RRa = 	 Rural road requirements in kilometers. 

LA = 	 Total land area in thousands of hectares. 

RD 	 Rural road density expressed in terms of kilo
meters per 1,000 hectares of land. (Because

there is no precise, clear present inventory

of rural roads, the kilometers of road used
 
for this calculation were all earth and gravel

roads plus all Class D paved roads 
- that is, 
all paved roads with less than 400 ADT.) 

GDAH 	 Gross domestic 
product for the agriculture
 
sector in millions of Syrian pounds, divided
 
by the area of cultivated land in thousands of
 
hectares.
 

a = The year of the projection.
 

b = 	 The base year, in this case 1979. 

3 Dar Al Handasah Consultants, April 1980.
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The resulting projected requirements for new gravel rural roads
 
in terms of kilometers and costs are shown in Teble 3.5.4. The
 
a:3sumed cost per kilometer of new gravel roads is SP 98,650,
 
based on an overall embankment 4.5 meters wide and .8 meters
 
high, with a .15 meter crowned gravel surface.
 

An examination of Table 3.5.4 shows highest rural road require
ments in Al Raqqa, Deir Ez Zor, and Aleppo, reflecting the
 
demands created by the Euphrates Basin development and the
 
relatively large cultivated land area in Aleppo. Sharply de
clining requirements in Homs, Hama, and Damascus between 1985
 
and 2000 reflect the relative stage of road dev-lopment in
 
those Mohafazat, plus the effect of a forecast decline in agri
cultural production in Damascus as the city expands. Total
 
costs for new gravel roads are estimated to be SP 103 million
 
for the 5th Plan period and SP 264 million for the period
 
1986-2000.
 

In addition to new gravel roads, the Consultants recommended
 
that the present earth road network be studied with the intent
 
to upgrade earth roads to gravel road standards. This recom
mendation is not based on an economic analysis. There aie no
 
traffic data for these roads, and proxy data, such as culti
vable land and number of villages within the roads' area of
 
influence, are not available. Even if the requisite data were
 
available, the Consultants would expect that upgrading most of
 
these roads would not be justified on the basis of pure eco
nomic criteria, such as first-year benefits on internal rate of
 
return. There would be some theoretical savings in maintenance
 
if the roads were currently being maintained, which they
 
olvicusly are not. There would be an economic benefit to the
 
areas served, even though it probably would not be enough to
 
justify the costs. In the final analysis, the justification for
 
upgrading these roadc is one of social benefits. If Syria is to
 
achieve its objective of reducing the trend to urbanization,
 
then villages must have all weather access to social services.
 

Moreover, the total costs are minor in relation to overall road
 
construction costs. The costs of upgrading a given earth road
 
'!iil vary from a cost equivalent to building a new gravel road
 
to a minor amount of earthwork and a gravel surface. Based on
 
the visual inventory of rural roads, the Consultants estimate
 
tnat on the average the cost of upgrading earth roads to gravel
 
standards will be 40 percent of the cost of constructing a new
 
gravel road, or SP 39,000 per kilometer. Thus it would cost an
 
estimat2d SP 107.6 million to upgrade the entire earth road
 
network to gravel standards. This is roughly equivalent to one
 
year's expenditure for construction of secondary and tertiary
 
roads. These unit costs are conservative and the total cost may
 
be underestimated somewhat. However, the actual amount could
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Table 3.5.4
 

RURAL ROAD REQUIREM14TS 

1979-1985 


Mohafaza Additional Road Costs 


(Kms) (SP 000) 


Damascus 
 35 3,450 


Aleppo 90 
 8,870 


Homs 
 65 6.406 


Hama 
 160 15,770 


Lattakia 
 75 7,392 


Dej.r Ez Zor 135 
 13,306 


Idleb 
 50 4,928 


Al Hassakeh 
 65 6,406 


Al Raqqa 
 235 23,162 


Al Suweida 
 70 6,899 


Dera'a 
 20 1,971 

Tartous 
 45 4,435 


Quneitra 
 -
 -


Total 1,045 
 102,9S5 


Source: Consultants' estimates.
 

BY MOHAFAZA
 

1985-2000
 

Additional Road 
 Costs
 

(Kms) (SP 000)
 

45 4,435
 

310 30,554
 

25 2,464
 

30 2,957
 

160 15,770
 

325 32,632
 

105 10,349
 

220 21,683
 

860 84,762
 

175 17,248
 

190 18,726
 

90 8,870
 

135 13,306
 

2,670 263,756
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only t,' determined on a link by link analysis, and tnere will
 
be links in areas with little or no rainfall, where an earth 
road, adequately maintained, will suffice. The basic criterion
 
for determining whether or not an earth road is to be upgraded
 
to qravel standards should be the provisiou, of all weather 
access to the area sf-r,'d by the road.
 

A related problem in determining rural road regcirements is to
 
identify the loss> < to the system - that is, ,ile rural roads 
that will need tc be upgra,,ed to paved roads. This is a func
tion of iverage daily traffic, and, as noted previously, the
 
current ADT is not 1- own. There are, however, two factors th t 
can help r at an empirical judgment. The isin riving first 
that ho, present Syrian pv>'.,(] -oad network is seriously over
huilt. Thirty-two percent of the paved roads (42 percent of the 
secondary and tertiary roads) do not carry sufficient traffic 
to justify asphaltic pavement. The second tactor is the ex
tremely low traffic volumes ub: erved during the Consultants' 
road inventories, if one assumes that traffic is spread evenly 
over the day, then the ADT on the roads inventoried is 
certainly less than 100, arid probably less than 50. Given these 
factors, it is diff icult to conclude that any of the existing 
gravel road network will need to be upgraded during the 5th 
Plan. However, for the period 1986-2000, some part of the 
network will reach ADT in excess of 400 and thus require up
grading to Class C standards. In the absence . an accurate ADT 
count, the Consultants have assumed that from 1986-2000, 20 
percent of the gravel road network will have tj be upgraded to 
single bituminous surface treament pavement. This assumption is 
based on the expected growth in local traffic and the assumed 
relatively low present ADT on the gravel network. The cost per
 
kilometer for upgrading Class D gravel reads to Class C stand
ards has been calculated based on the road width distribution 
shown in Table 3.5.2 and the unit costs used to calculate the 
paved road betterment program, assuming that the terrain dis
tribution for rural roads and secondary and tertiary roads is 
t'.e same. The resulting total cost to upgrade 1.250 kilometers
 
is SP 114.6 million.
 

The most urgent problem with rural roads in Syria is the lack
 
of maintenance and the resulting deteriorated condition of the 
system. This has been discussed earlier in this section of the
 
report.
 

The Consultants' road inventory shows that 34.6 perc-nt of the 
present earth and gravel road network is in poor condition and
 
requires immediate rehabilitation. In addition, 60.9 percent of
 
tne network is in fair condition and will require rehabilita
tion within the next few years. Because of the serious deterio
ration, the Consultants estimate that the cost for rehabilita
tion will be SP 39,OCO per kilometer for gravel roads. Thus it
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will cost an estimated SP 90.9 million to rehabilitate the
 
gravel road network during the 5th Plan. Of this, SP 32.9 mil
lion should be spent in the first year to rehabilitate roads in
 
poor or very poor condition. The balance of SP 58 million
 
should be spent over the second to fourth years of the plan.
 

Table 3.5.5 summarizes rural road requirements in terms of
 
kilometers and total costs, Investments are estimated to be SP
 
301.6 million in the 5th Plan period and SP 126 million for
 
maintenance costs are also shown, based on the unit costs in
 
SecLion 3.4 above. Maintenance costs in the 5th Plan period
 
have been adjusted downward to reflect the substantial
 
rehabilitation and upgrading programs that are recommended.
 

Detailed planning for a rural road network is reqc;red to
 
determine precise road links, rehabilitation, and u Irading
 
programs as well as maintenance schedules. The targe,: pre
sented in this section of the study provide the framewok for
 
determining budgets as well as annual plans for a comprehensive
 
rural roads program.
 

3.6 CONSTRUCTION AND MAINTENANCE COSTS
 

New Construction
 

The cost of construction of a new road has been estimated for
 
Class A, H, and C roads in flat, rolling, and hilly terrain for
 
the purpose of preparing a preliminary planning budget for
 
roads that are not already under contract or roads for which
 
the contract price is unknown to the Consultants (see Table
 
3.6.1). The Class A road estimate is also used to estimate the
 
cost of expandin- an existing two-lane highway into a four-lane
 
Autostrad or a four-lane autostrad to a six-lane autostrad.
 

The labor, plant, and material costs for new construction are
 
also provided in two tables. Table 3.6.2 gives the unit cost
 
breakdown for labor, plant, and materials while Table 3.6.3
 
expresses these in terms of the percent of total cost so that 
it can be used in conjunction with Table 3.6.1 to determine the
 
bceakdown for each class of road.
 

Betterment
 

The betterment costs have been estimated for both resurfacing
 
and for widening existing roads. In addition, when traffic
 
requires that full lanes be added, these cost estimates are
 
taken from the section above.
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Table 3 .5.5
 

SUMMARY OF RURAL ROAD REQUIREMENTS 

Kilometer of Road 

1981-1985 1986-2000 

Earth Gravel Gravel 

Beginninq Network 2,760 2,440 6,245 

Earth to Gravel -2,760 2,760 -

New Roads - 1,045 2,670 

Gravel to Paved Class C - -1,250 

End Period Network - 6,245 7,665 

FINANCIAL COSTS 

(SP millions) 

1981-1985 1986-1990 1991-1995 1996-2000 

Upgrade Earth Roads 107.6 - - -

Rehabilitation 90.9 - -

:. Gravel Roads 103.1 87.8 87.8 87.8 

SuD otal Rural Roads 301.6 87.8 87.8 87.8 

Gravel to Paved 
Class C - 38.2 38.2 38.2 

Total Investment 301.6 126.0 126.0 126.0 
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Table 3.3.1
 

ESTIMATED CONSTRUCTION COSTS
 
(SP 000 /km in May 1980 prices)
 

Class A Road Class B Road 
 Class C Road
 
Item Flat Rolling Hilly Flat Rolling Hilly Flat Rolling til
 

Construction
 

Clearing and Grubbing 55 27 13 
 48 24 12 38 21 10
 
Suo<rade Preparation 28 
 20 28 25 18 25 21 15 21
 
Earthwork 
 428 482 482 381 428 428 321 361 362
 

Cul/lerts and Drainage 

itvi tures 194 213 267 173 190 238 145 160 200 
S'.x.,rre t inc luding 
frtwn'i Vase Course 430 430 430 152 152 152 68 68 68 

ti Cron 37 37 27Control Dnvices 37 27 27 11 11 11
 

'lotil C)st ()f construction 1,172 1,209 1,257 806 839 604882 636 672
 

J 5 10rcent of 
Co.lsl Cost 176 189
sruc tio: 182  - - - - -

,J 10 pelrcent of
 
Construction Cost 
 - - - 81 84 89 61 64 68
 

2onti, enlCI-: s 

0j15 purcent of
 
co)nstruction Cost 176 
 182 189 -  - - - -

110 lorcent of
 
(I.owLtruction Cost 
 - - - 81 84 89 61 64 68 

- iiit ut Way Ac(Iuisition 144 144 144 144 144 144 144 144 144
 

Irand Total 1,668 1,717 1,779 1,112 1,151 1,204 870 908 952
 

3ource: Consultants' estimates.
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Table 3.6.2
 

UNIT PRICE BREAKDOWN
 

(in Syrian pounds including tax, May 1980 prices)
 

Itcr Unit Cost Labor Plant POL Bitumen Cement Steel 

,.earing and 
G-rubbing 

2 
M 0.18 0.4 1.5 0.2 .... 

C,::unon Lxcavation 

>cft Rock Excav. 

M 

M 

5.42 

7.48 

1.12 

1.28 

3.7 

5.6 

0.6 

0.6 

-

-

-

-

-

-

Hard Rock Exkav. 
1orrow 

M3 

M3 
10.78 
5.24 

2.08 
0.64 

8.0 
4.0 

0.6 
0.6 

-
-

-
-

-
-

hEmbankment M3 5.30 0.80 4.0 0.5 - - -
veriaul/km M 2.18 0.48 1.1 0.6 - - -

bbr de Preparation 

(Granjular Sub-base 

M2 

M3 

1.12 

27.4 

0.32 

6.4 

0.7 

17.3 

0.1 

3.7 

-

-

-

-

-

-
Granular Base Course M3 32.52 6.72 21.0 4.8 - - -

bituminous Base 
Course 

3 
M 137.80 20.80 50.0 5.0 62.0 - -

1rime Coat 

Tack "oat 
1 

SBST 

Asyhfltlc Concrete 

W Mix 

M2 
2 

M 
M2 
M 

M3 

M3 

1.55 

0.61 

2.62 

167.20 

134.8 

0.13 

0.03 

0.32 

19.20 

12.80 

0.09 

0.05 

0.5 

60.0 

52.0 

0.06 

0.03 

0.3 

13.0 

10.0 

1.27 

0.5 

1.0 

75.0 

60.0 

-

-

-

-

-

-

-

-

-

-

,:01L.1ete 
200 k;. 
300 kg. 
350 kg. 
450 kg. 

Reinforcing Bars 

3
M3 

M 
M3 
N3 

Tons 

195.0 

298.0 
351.6 
490.8 

2380.0 

40.00 

48.0 
57.6 

124.8 

960.0 

80.0 

144.0 
162.0 
202.0 

15.0 

10.0 

11.0 
20.0 
25.0 

5.0 

-

-
-
-

-

65.0 

95.0 
112.0 
145.0 

-

-

-

-
-

140.0 

Source: Consultants' estimates. 

Note: POL = F,.troleum Oil and Lubricants. 

1 Single Bituminous Surface Treatment. 
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Table 3.6.3
 

PERCENT OF TOTAL COST
 

(May 1980 prices) 

Item 

Labor 

-

Plant 

_ 

Cost 

Petroleum 

Oil and 
Lubricants 

Material 

Cleaning and Grubbing 22 69 9 

Common Excavation 21 68 11 -

Soft Rock Excavation 17 75 8 -

Hard Rock Excavation 19 74 7 -

Borrow 12 76 12 -

Embankment 15 75 10 

Overhaul/Km 22 50 28 

Subgrade Preparation 29 63 8 

Granular Sub-base 23 63 14 -

Granular Base Course 17 31 4 48 

Bituminous Base Course 15 36 4 45 

Prime Coat 8 6 4 82 

Tack Coat 5 8 5 82 

5BST 1 15 24 14 47 

Asphaltic Concrete 11 36 3 45 

Hot Mix 9 39 2 45 

Concrete: 
200 kg. 
300 kg. 
350 kg. 
450 kg. 

21 
16 
16 
25 

41 
48 
46 
41 

5 
4 
6 
5 

33 
32 
32 
29 

Reinforcing Bars 40 1 1 58 

Source: Consultants' estimates. 

1 Single Bituminous Surface Treatment. 



Resurfacing
 

The estimated cost at May 1980 rates of resurfacing a Class A
 

road with asphalt concrete surface is approximately SP 58,400
 

per kilometer or SP 8.00 per square meter. The comparable esti
are SP 40,200 and 6.5, remates for Class B low type hot mix 


spectively, and for Class C single bituminous surface treatment
 

they are SP 12,600 and 2.0, respectively. The cost breakdown
 

for these are labor 8 percent, plant (including aggregates)
 

40 percent, petroleum oil and lubricants (POL) 3 percent, and
 

bitumen 49 percent and includes all assorted operations.
 

Pavement surfaces deteriorate with time and the repeated move

ment of traffic. The rate of deterioration is directly propor

increase in traffic volume. The deterioration
tional to the 

rates used in the analysis are as folows:
 

- Class A (asphalt concrete) Surface Y = 0.001 X + 15.5
 

- Class B (low type hot mix) Surface Y = 0.00111 X + 9.944
 

- Class C (SBST) Surface Y = 0.00222 X + 7.555
 

(where Y is the rate of deterioration and X is the ADT).
 

These formulas were developed for the secondary and tertiary
 

network evaluations where surface conditions are rated from 1
 

to 9. The assumption is that 9 is excellent condition, 1 is the
 

poorest condition, and 4 is the threshold condition where
 

required. Therefore, a properly constructed
resurfacing is 

pavement with an asphaltic concrete surface with proper mainte

one condition
 nance should, through normal wear and tear, drop 


level every two years in the 5,000 to 6,000 ADT range, every
 

in the 6,000 to 7,000 ADT range, and every 1.6 years
1.8 years 

in the 7,000 to 9,000 ADT range.
 

Widening (Construction or Bettermen.)
 

The widening costs have been estimated based on the use of the
 

trench excavation type of construction. This method was illus

trated in detail in Chapter 3 of the Final Phase I Report.
 
will be
Based on this method of construction the existing road 


widened on each side. Separate estimates for this operation
 

have been made for the typical soil conditions that prevail in
 

Syria and for the poorer soil conditions that prevail in the
 

Al Suweida and Dera'a. The estimates are given in
Mohafazat of 

Table 3.6.4.
 

Annual Maintenance
 

The annual maintenance costs have been estimated for repairing
 

and cracks, maintethe pavement surface and filling potholes 


nance of the shoulders and medians, painting traffic lines,
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Table 3.6.4
 

UNIT COST OF WIDENING
 

(SP per kilometer- M;iy 1980 p ices) 

Road 
Class 

Terrain Estimatd Cost 
Pavement Embankment 

A Flat 

Rolling 

Hilly 

Mountain 

45 

45 

45 

45 

25 

30 

47 

51 

B Flat 

Rolling 

Hilly 

Mountain 

22 

22 

22 

22 

18 

26 

40 

38 

C Flat 

Rolling 

Hilly 

Mountain 

11 

11 

11 

11 

15 

22 

35 

42 

C Flat 

Rolling 

Hilly 

Mountain 

17 

17 

17 

17 

16 

24 

38 

38 

Soirce: Consultants' estimates. 

(SP) 
Subtotal 


70 


75 


92 


96 


40 


48 


62 


60 


26 


33 


46 


53 


33 


41 


55 


55 


Percentage 
Increase 

for 
Other Work 

Total 
Cost 

(Rounded) 

14 

24 

34 

44 

79.8 

93.0 

123.3 

138.2 

14 

24 

34 

44 

45.6 

59.5 

83.1 

86.4 

14 

24 

34 

44 

29.6 

40.9 

61.6 

76.3 

14 

24 

34 

44 

37.6 

50.8 

73.7 

79.2 

Estimated costs for Mohafazac of Al Suweida and Dera'a where soil
 

conditions are poor.
 
Costs include cost of penetration macadam, telford base and SBST
 
surface.
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repairing guard rails, repairing signs, cleaning culverts, and 
repairing minor structures. The basic costs for these are given
 
in Table 3.6.5.
 

The equations that have been developed from the above cost data
 
to reflect changes in maintenance costs relative to changes in
 
ADT are:
 

For A.C. C = 2900 + 0.34T + 678 LN T + 300 
100
 

For H.M. C = 2520 + 0.45T + 678 LN T + 300 
100
 

For SBST C = 1898 + 1.13T + 678 LN T + 300
 

100
 

where:
 

- The first number is a constant that is independent of 
ADT, representing fixed costs of equipment and facilities, road
 
side maintenance, and deterioration caused by the elements.
 

- The second number is a function of traffic and repre
sents a part of t- cost of wear and pavement destruction
 
caused by vehicles passing over the surface.
 

- The third number is logarithmic and represents costs 
that are a function of pavement designs. A properly designed
road for heavy vehicular traffic will have a much heavier pave
ment than one designed for low volumes of traffic. As pavements 
are constructed progressively heavier, the cost of pavement
destruction by each vehicle unit becomes progressively less,

and the maintenance cost per vehicle unit becomes less. A curve
 
that represents this relationship is logarithmic in form.
 

3.7 ROMAN ROADS
 

During 
the Roman period in the area that now includes modern
 
Syria, the Romans constructed approximately 9,400 kilometers of
 
roads (see Plate 3.7.1)
 

The Roman road system was unlike the present-day network in
 
that the high population areas of the northwest had few roads
 
since mountains served to limit access through mountain passes.

In the low population sections of eastern Syria, however, an
 
elaborate series of roads criss-crossed what is now regarded as
 
unusable arid plains. No less than 1,200 kilometers of roads
 
crossed the expanse between Palmyra and Deir Ez Zor.
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Cost Hourly 

Element Rate 


(SP) 


Plant Motor
 
Grader 80 


Asphalt
 
Seater 20 


Asphalt
 
Mixer 20 


Truck 40 


Roller 35 


Subtotal 


Labor
 
Foreman 12 


Laborers 5 


Subtotal 


Materials 
Bitumen 


Aqqregate 


Subtotal 


Total
 
Maintenance 


Overhead
 
@ 20 percent 


Grand Total
 
Cost 


Table 3.6.5 

ANNUAL MAINTENANCE COST ESTIMATES 

(May 1980 Prices) 

Hrs. 
Class A 
No. Estimated 

Cost 
(SP/Km) 

Hrs. 
Class B 
No. Estimated 

Cost 
(SP/Km) 

lirs. 
Class C 
No. Estimated 

Cost 
(SP/Km) 

10 800 10 800 5 400 

25 500 23 460 20 400 

25 

25 

25 

500 

1,000 

875 

3,675 

23 

23 

23 

460 

920 

805 

3,445 

20 

20 

800 

700 

2,300 

25 

25 

2 

8 

600 

1,000 

1,600 

23 

23 

2 

8 

552 

920 

1,472 

20 

20 

1 

6 

240 

600 

840 

400 

300 

700 

300 

200 

500 

160 

70 

230 

5,975 5,417 3,370 

1,195 1,083 674 

7,170 6,500 4,044 

Source: Consultants' estimates.
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Of the approximately 9,400 kilometers of roads estimated to be
 
in the original Roman network in Syria, 5,180 kilometers have
 
been verified by various means, such as watering points or
 
garrison locations. No less than 1,200 kilometers are visible
 
either on the ground or from the air, while the remaining 3,020
 
kilometers are known only from research of museum maps.
 

The Mohafazat Dera'a, Al Suweida, Damascus, and Al Hassakeh
 
have their present day networks identifiable with the Roman
 
network. Additionally, the present alignment of the inter
national network from Dera'a to Aleppo, through the major
 
modern cities of Damascus, Horns, and Hama, is located on the
 
original Roman road alignment, as is the existing road from
 
Homs to Lattakia. Approximately 60 percent of the Roman network
 
has been incorporated into the present network (see Plate
 
3.7.2).
 

Of particular interest is an example of a typical Roman road,
 
still in use without great modification, on the north-south
 
route originating at the village of Mansura on the Aleppo-Al
 
Raqqa road, continuing to the village of Al Souhne, located on
 
the road under construction from Tadmur to Deir Ez Zor. The
 
first 27 kilometers to the ruins of the ancient city of Resafe
 
have been paved in order to facilitate traffic to the famous
 
ruins, but the road is essentially Roman. At the village of
 
Rhoun, two watering places used by the populace during the
 
Roman era still exist. These 43 kilometers have received a
 
gravel surface. From Rhoun to Al Souhne, 69 kilometers, the
 
road deteriorates into a four meter wide trail. This 139
 
kilometer section of road has been included in the current
 
Syrian network and, except for 27 kilometers of pavement from
 
the main road to the historic site at Resafe, the rest of the
 
road has probably changed very little since Roman times.
 

Travelling west from Aleppo to Bab Al Hawa on the Turkish
 
frontier on the road coded MEO5-1, a beautiful section of Roman
 
road exists. This section of approximately two kilometers
 
reflects the construction ability of the Romans. The stones are
 
impeccably set and there are occasional indications that lime
 
has been used for cementing. The width of this masonry road
 
varies between 6.0 and 6.5 meters. Geometrics, however, were
 
not exact. Roman engineers in Syria did not construct curves in
 
the sweeping symmetry found elsewhere in the Roman empire.
 

This masonry road shows wear and, in a few instances, large
 
blocks of rock have been removed, possibly for use in the
 
construction of a local masonry structure. Considerations of
 
incorporating it into a modern roadway should be disregardJ.
 
This section of road and all other such well-preserved sections
 
of Roman roads should be preserved as prime historical
 
features.
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The road from Sarmada to the border town of Harem has indica
tions that portions of the road may have been part of the Roman
 
network. Much of this road is constructed on dry walls, which
 
indicate a lack of modern road equipment. The road consists of
 
a number of switch-backs, many of which could have been elimi
nated if modern day eqipment had been utilized. However, the 
existinq road is a scenic route and should be maintained as it 
is for thi3 reason. 

It is apparent from the Consultants' investigation that the 
Roman road network has been utilized to its utmost in the 
present day Syrian network. The few Roman sections that are 
still in evidence are recommended for maintenance as historical 
monuments and tourist attractions. Additionally, it is recom
mernded Llidt modern roads that have been constructed on the 
Roman road alignment be so identified on roadside plaques. 

3.8 PAST PLAN PERFORMANCE
 

Background
 

Toe Syrian paved road network is estimated to have doubled in
 
le qth during the 3rd and nearly-completed 4th Five-Year Plan
 
period. TodAy, virtually all administrative centers down to the
 
Montika center level are served by the 3,930 kilometer main
 
paved road network. In addition, other smaller villages are
 
served by the 8,640 kilometer local road network.
 

This overall accomplishment has been significant to the growth
 
of Syria and cannot really be assessed by evaluating perform
ance of past plans project by project. In any event, the actual
 
performance during eaco plan is difficult to assess because the
 
plans underwent revision during mid-term of the plan period,
 
and the effective start of the 4th Five-Year Plan was delayed
 
until the second year of the plan. However, the following over
all view of the past plans can be useful in preparing for the
 
next plan period.
 

Allocated Funds
 

The MOC funds allocated for the plan were revised upward by
 
9 percent during mid-plan period, from the original allocation
 
of SP 1,622 million to SP 1,744.5 million (see Table 3.8.1).
 

Approximately 60 percent of the allocated MOC funds were for 16
 
projects carried over from earlier plans. The funds allocated
 
for all but four of these projects were revised upward. The net
 
fund revision for carryover projects was revised 16 percent up
ward.
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Table 3.8. 1
 

PRIMARY NETWORK
STATUS 4th FIVE-YEAR PLAN 


(in millions of Syrian Pounds)
 

ALL OLW TL _________I7./WL'S 

-y~r
1979 L926' 2 DTJILGI'L A.CJSED 197 197 19F ? -u/ 

3-84
 



Approximately 20 percent of the 
allocated MGC funds were 14
for 
new proicts (mostly front-end engineering and early construct ion). As a result of the mid-plan revision, two projects were
dropped while the allocated funds were increased for seven anddecreased for four of the new projects. The net fund revision 
for new projects was 18 percent upward. 

The remaininq 20 percent of the allocated MOC funds were origi
nally for five reserved projects. As a result of the mid-plan
revision, two projects were dropped and nine projects wereadded, while the cost of three remaining original reserved 
prosects were revised uward. However, the net fund revision 
for reserved projects 
wa- 12 percent downward.
 

The fundWs oll<toLed to the Mionufazat tor local roads during the
4th Five-Year Plan period were only SP 176 million.
 

Road Lenqths
 

The MOC qoal f the 4th Five-Year Plan was to construct orimprove 1,752 kilometers of paved road the primary and majorin 

secondary network. Irol--lded was the new construction of 289kilometers cf autostrad, 670 kilometers of two-lane highways,
and 180 kilometers of military and tourist roads and the
rehabilitation of 623 kilometers of the existing network. Thelength of road planned for the local secondary and tertiary
network is not known.
 

Status of the 4th Plan
 

MOC Expcnditures 

The actual MOC expenditures through 1978, 
the third year of the
 
plan period (60 percent of plan period), amounted to 37 percent

of the allocated funds. The comparable amount, including esti
mated expenditures through 1979 (80 percent of plan period), 
was 54 percent.
 

The Consultants project that the total plan expenditures
he under 75 percent ot the 

will 
revised allocated budget. This

fiqure is based on the assumption that the construction
industry can absorb a moderate 15 percent increase in growth(in terms of expenditures) during 1980, 
the last year of the 
p a n. 

The expenditures of the Mohafazat 
from the 4th Five-Year Plan
budget are expected to exceed SP 400 million, 225
or percent
 
over the original budget.
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MLA Fxpenditures 

The transport sector, as defined in the Development Plan, does 
not include investments for secondary and tertiary roads under 
thie jurisdiction of the Ministry of Local Administration (MLA). 
Becaus, the Consultants' estimates of investment fund require
ments include investments for secndary and tertiary roads, a 
separate analysis of budget fund availabilities for these roads 
has been prepared. The results are presented in Table 3.8.2. 

In making these estimates, the division of development funcIs 
between road maintenance and construction is based on the 
actual 1978 jercentage of the total for each (52 percent for 
constriction and 48 percent for maintenance). For the inde
pendent budget, the MLA's estimate of 80 percent tor mainte
nanct2 and 20 percent for construction has been applied. 

This provided an estimated SP 64 million in construction 
expenditures in 1979. flowcver, an examination by the 
Consultants' staff of detailed expenditure records in Lattakia 
Mohafaza for 1978 and 1979 showed that the Mohafaza spent no 
development funds for maintenance, and the percent of the 
independent hudget spent for maintenance in the two years was 
27 percent and 5 percent, respectively. If these ratios apply
elsewhere, MLA construction expenditures substantially exceed 
those in Table 3.8.2.
 

Execution 

The mid-p]an revisions resulted in the abandonment of some 
plans for new construction and some improvements with the 
addition of similar projects to replace those abandoned. Table 
3.8.3 shows a breakdown of MOC roads planned, roads added, and 
equivalent lengths actually executed. Only 62 percent of the
 
planned work is projected to be executed during the plan

period. However, this number rises to 90 percent when the 
length of added projects is considered. 

The actual increase in the Mohafaza secondary and tertiary 
pave 1 road networks are not known, but it is estimated that the 
network has increased dramatically in length during the last 10 
years because the emphasis has been placed on paving existing 
gravel and earth roads.
 

Analysis
 

Syria is dependent on external assistance to finance parts of
 
the road program. These funds have not always been allocated in
 
a timely fashion, resulting in slow project start-ups relative
 
to the MOC 4th Five-Year Plan schedule.
 

3-86
 



Table 3 .8.2
 

MINISTRY OF LOCAL, GOVERNMENT ACTUAL AND 
FORECAST EXPENDITJRES
 
FOR ROAD CONSTRUCTION AND MAINTENANCE
 

(SP 000) 

Actual Exrenditures at Current Prices
 

1976 1977 
 1978 1979-E$t 1.'
 

.LA Developt. Exp. 
Eoad Maintenance 12,535 19,703 30,891 39,490 50,152 
'.ad Const-uction 13,579 21,345 33,651 42,781 54.332 

,ai 26,114 41,048 64,542 82,271 104,484 

\ i; ,1:,,nt B3udge t 
: 'w,i nai n ctena NA NA 64,672 85,800 113,830 
.oad --onstruction NA NA 16,168 21 , 450 28,458 

1otal 
 - 80,640 107,250 142,288 

Source: M:.nistry of Local Administration.
 

NA=Not Available
 

Table 3.8 .3
 

EXECUTION OF EQUIVALENT LENGTHS
 

(MOC Roads)
 

TLype of Road Equivalent Lengths (Km) 

Planned Completed % Completed
 

.:,utostrad 
 289 113 
 32
 
"we-.-anc (Primary) 670 520 76 
-wa-La nc (Military & Tourist) 170 65 38 
ver lA v ma or Renewal 623 395 63 

:%'l t 3 48ccts 
.. t s t ad -0- 48 
'we-Lane (Primary -0- 145 

crlav, ajor Renewal -0- 290 

:otal 1,752 1 ,576 90 

zoirce : Ministry of Communications.
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Another reason for the shortfalls in completing the MOC 4th

Five-Year Plan 
is that the relatively Few public sector con
struction companies are acquiring their experience on-the-job.
This has resulted in low productivity and slow progress in 
meetinq the goals of the plan.
 

There ar, some cases where projects undertaken by public sector
companies have been completed under budget. This tends to dis
tort the actual progress of work based 
on an analysis of ex
penditures alone, Pxpecially since there are comparable cases 
of projects that have experienced overruns. 

In this regald, an analysis of actual work completed versus
funds spent to date would be useful. Howevec, this is difficult 
to do because of tHe mip-2 an revisions. At first appearance it 
seems that execution of 90 percent of the theoretical revised
MOC planned length while spending only 73 percent of the budget
was o very efficient operation. Two factors, however, temper

this first assessment. 
First, it cannot be assumed that the
length of projects added and executed actually replace kilometer by kilometer those lengths abandoned or dropped from the 
original plan. Secondly, the 
apparently low construction costs
of the public sector companies, when coupled with their rela
tive inexperience, may have resulted in work that will requirehigher outlays for maintenance and rehabilitation in coming 
years. Therefore, a meaningful 
 analysis of work completed

versus expenditures should be 
a continuous effort that 
includes

the follow-on expenditures for maintenance, repair, and reha
bilitation of completed work to obtain 
a better estimate of the
 
true life of project costs.
 

3-88
 



APPENDIX 3.1 

ROAD LENGTH STATISTICS 



----------- ----------- ----------- ----------- ----------- -----------

--- ---------- ----------- ----------- ----------- ----------- -----------

--- ---------- ----------- ----------- ----------- ----------- -----------

APPENDIX 3.1 Tabhe A- J. 1.1 

a.MAFAZA: DAMASCUS PRIMARY ROAD LENGTH STATISTICS
 

PECO'IMENDE: S U R F A C E T Y P E 
CLASS EARTH 6PAVEL S 8 S T H1)T MIX ASPH. CONCR. TOTAL 

000 O0 0 00 008 08 

X0 k) CI 00 CO . ool 47. 22 65 99&000,c l l0 lc 0. o 9 72. 95 
7295 1 69. 95

E: 0 00 0 O0 6@ a0. 008 10:±03. 60 
c 0_0 _0, .0.0 e2.20 0 00 90 20 
D 0.CO [ 0 o 0 ou 0.00 0.00 0. 00 

TOTAL 0. O0 0. 80 8. 00 233. 10 9f 60 236.70 

PEC'OMFIENDED R 0 A D W I D T H I N '1 E T E R S 
CLASS RUTOSTR. O'ER 7. 0 6. 2 - 6. 9 5. 6 -- c 1 BELL4 5. 6 TOTAL 

V k. on 0. 00 0. .00 0.0 
X 51. 2-) 21. 70 0.0 0.00 0. 00 72. 95 
A 22. 65 28 20 .40 18. 70 0. 0 69. 95 
B '.00 63. 40 :35. 90 2. 80 1. 50 103. 60 
C: 0. 00 71. 70 18. 50 0. 00 0. o0 90. 20 
0 0.00 0.00 0.o00 8. 0.00 0.00 

TOTAL 71. 90 185.00 54. 80 21.50 1. 50 336.70 

RECOMMENDED LU R F A C E C 0 ND I T I 0 N 
CLASS GOOD FAIR POOR TOTAL
 

%V 0. 00 0. 00 0.00 0. 00
 
X 72.95 0. 00 0. 00 72. 95
 
A 29. 15 27. 70 3. 10 69. 95 
B 23.90 79. 70 0. 00 103. 60
 
C 6. 80 28. 50 54. 90 40.20
 
D 0.00 0 00 0. 00 0. 00
 

TQ--TAL 142. 80 135. 90 58. 00 336. TO 



---------------------------- ------------ ----------- ------------ ----------- ----------- -----------

-------------------------------------- ----------- ---- ----------- ----------- -----------

----------------------------- ----------- ----------- ----------- ----------- ----------- -----------

------- ----------- ------------ ----------- ----------- ----------- -----------

Tab)t A-3-.1.1 (Cont'd)
 

MOHAFAZA: ALEPPO
 

FoEC LC'MrEN[LL , 	 U P F A C T Y P E
 
:LFz. EAFRTH GRAVEL S E: S 7 HOT MIX ASPH CGLP;CP TOTAL 

0 0 
0C 0 00 0 00 1 0 -1 41 05 41. 05 
',7 I (ICI 0 00 0. clI: 0 00 0. 00 

t00 	 000 0170 00 00 .o 
0 00 41 7 0- 3. 6C* C, COo 17CU0C,:, Cloot-1 	 -- oe 21737 60 

r) 0I 	 LL0, ,i 0.30J 0-J. 00 

TOTAL 	 0. 00 0. 00 41. -.0 350.40 41 05 432. 75 

RECO'ME1I[,ED r' 0 A E. 1 I D[ H IN M E T E P S 
CLASS FlJTOSTR. OVER 7. 0 6 2 - . 5 6 - 6 1 BELOW 5 6 TOTAL 

-
0 Y l.o0 0 000 0. 0 t0aoo. c0 
05 C) 0.00u 041. 0 00 41.05 

.1-1c 0.,0 0 71 . 0 L 

E:0U 119. 40 :. 4' 64 50 114 50 :r. 60 
F 0 0 9. 40 53. 20 84. 10 
E. o,_-IO o 0o 	 . 0v 00 e.o00 	 00 

TOTAL 41. 05 :4125:. .. 90 102. -:0 151 70 432. 75 

PECOM.PIENDED S U P F A C E C 0 M,' I T r 0 N 
CLASS GOOD FAIR POOR TOTAL 

V a 00 0. 00 0. 00 a.CO 
X 41 05 0 CO .0o 41. 05 

00 0 0 00 0 0 0. 00 
0l.00 276 50 71 13 0. 60 

c 0. 00 C' 70 3 40 E4 10 
E, 0 0 00n 0 O 0 00 

TOlI'f. 	 41. 03 21Y" 20 
 74. 50 432.75
 



-------------------------- ----------- ----------- ----------- ----------- ----------- -----------

--------------------------------- ----------- ----------- ----------- ----------- 

Table A-3.].1 (Cont'd)
 

MOHAFAZA: lIOMS 

PEC,.rtr1ErNLL, _ LI F F 
_-SS 

A C E T Y F' EERPTH ,,PAF'EL S. B. S. T. HOT MIX ASPH. COfJCR. TOTRL 

', 00 0 O 
 0. 00 0. 0 0000 

0 00 0 CO 0. 00 t10 0 00.CO 52. 60 52 6030J 0 0171 0.00 52:30 78 45 91. 25B .00 0. 0 0.00 9520 0 00 95. 20 - 0. 00 0 00 -o 2:54. 70 0. CO 354. 70 
0 O C1 1':7. 400 O0 -71 0. 00 189. 20 

TOTAL 0. 00 ----------0 00 1. 3O 690. 10 91. 05 782. 95 

I:ECOMPIEN[,E[:, F 0 A D W I [, T H IN M E T E R S
 
CLASS ALTOSTR. OVER 7. 0 6. 2 - 6. 9 5. 6 - 6. 1 E:ELOW 5. 6 TOTAL 

Y 0.00 0. 00 0. O0 0. 00 0.00 0.00 .. 6 '.. 00 l.00 0. 00 .52.60 

B ,3e. 405
0. 00 
0. 00 
0. 00 

50. 70
52. 50 

266 O0 
48. 60 

[ .0 
0. 00 

14 90 
1. 80 

2. 10 
42. 70 

7. c:0 
101. 30 

0. 00 
0 00 

46. 00 
27 50 

91. 25 
95. 20 

354. 70 
1t89.20 

-------------------------
TOTAL -----------

91. 05 -----------
43-. 80 -----------

16. 70 -----------
153.90 

------------
83. 50 ----------

782. 95 

PECOr-IMENDED S l P F A C' E C 0 ND I T I 0 N 

CLASS GOOD FAIR POOR TOTAL 
--------------------- ----------- ----------- ----------- -----------

V 0. 00 0. C0 0. 00 0. 00 

A 
60 

1. 15 
0.02.00 

84. 65 
0. 00 
5. 45 

52_ 60 
9±1. 25 

E: 15.50 42. 70 37. C0 95. 20 
C 224 80 88. 80 41. 10 354. 70 
D 48, 60 138. 80 I. 80 189. 20 

------- ----------- ----------- --------- -----------
TOTitL 342' 65 :3^54. 97; 85. 3 5 782. 95 



---------------------------------- ------- --- ----------- ----------- ----------- -----------

Table A-3.1.1 (Cont'd)
 

MOHAFAZA: HAMA
 

PECrlPMErNLEED S U R F A C E T Y P E 
CLASS EARTH GFAVEL S E: S T HOT MIX 

/ 000 00 0 00 0. 00 
0 00 0 00 0 00 2 40 

A CIO0 eoo 000 0. 0 
B 0. C 0. 0 6.60 175 0 
1 0. ci 0 0 -0 67. 20 
D. 0.0L ,";-00 14 50 0.00 

TOTAL 0. 0C 0 00 54.20 204 60 

RECMMiND1EDEL P A E, 14 1 D, T H IN M E 
LRS'S_ AUTjTR OVER 7. 0 6. 2 - 6. 9 5. 6 - 6 1. 

I
 

0 y CI0 . 0 0.00 0.00
N) X 16.60 2 40 0. 00 0. 00 

A L1 luf - 0.0 ] 0 00 
B 0. 00 61 00 2. 77 90 
c0. 00 1,- 2o 5. 50 5s. 70 
O, 0. 0. 14 0.00 

TOTAL 16.60 -9 60 22. 70 131. 60 

RECOMMENDED S U R F A C E C O ND I T I 0 N 
CLASS GOOD FAIR POOR TOTAL 

Y 0. 00 0 00 0. 00 0. 00 
X 16.60 2. 40 0 00 19. 00 
A 0. 00 0. 00 0 00 0. 00 
B 0. 00 135. 00 6. 60 141.60 
C 0. 00 67 20 32. 10 10e. 30 
D 0. 0 0. 00 14 50 14. 50 

TOT:IL 16. 60 204 60 54 20 275 40 

ASFH CONCR: TOTAL 

0 C 0.00 
16 '0 19.00 

Pi C40 
0 141. 60 

0 88 100. 30 
0 00 14. 50 

16. 50 275. 40 

T E R S
 

BELOW 5 6 TOTAL
 

0. 00 0.00 
0.0CI 19. 00 

0. 00 0.00 
0 00 141. 60 

[24 90 ±0. 30 
0.0 oo ±4.50 

24. 90 275.40 



Table A-3.1.1 (Cont'd)
 

MOHAFAZA: LATTAKIA 

ELIt0r1ENE [, . F F A C E T Y P E 
CLAS . EFRPTH GFP'VEL S. B. S. T HOT MIX ASPH.CONCR TOTAL 

0,00 0 00 0. 00 0 00 0. 00 0 00 

e.00ce 0 0 0. Cl cl 3.90 .006. 3 90
A 0 017 17.01)0 0. 00 _50 o 009 3.550 
E: 0. 00 0 0 0 00 6070

3 __F 0 Lg 01-

[, 0. 00 T ..0 0.00 0. 00 V. 00 

0.01g. I 53 0. 53. 10 

T,-OTAL 0. 00 0. 00 0. 00 15< 20 0. 00 153. 20 

FPECOr'MEN[DED p 0 A D W I D T H IN M E T E R S 
CLA*S-. AUTOSTR. OVER 7. 0 6. 2 - 6. 9 5. 6 - 6. 1 BELOW 5. 6 TOTAL 

0.0 0. 00 0. eo
0.00 0.00 . 00W V 

I X 0.00 .90 0. 00 0. 00 0.00 3. 90 

A 0.20 C.0 35.50 0. 00 0. 00 35. 50 
6 000 60.0 0.Ok 0.00 0.00 60. 70 

S0. 00, 0. 0i0 0. 00 22. 80 30. z0 53. 10 
0. 00 0.00 08.00 0.0010. 00 0. 03 1 -o 

TOTHL 0. 00 64 60 35. 5. 22. 80 30. 30 153. 20 

RECOMMENDED S U R F A C E C C, ND I T I 0 N 

CLA'SS 1300D FAIR POOR TOTAL 

S. 00 0.00 0. 00 0. 00 

X: 0. 00 3. 90 0. 00 3. 90 

A 0. 00 35 50 0. 00 35.50 

B 60. 70 0. 00 0. 00 60. 70 
c0 0. 00 37. 60 15.50 53. 10 

D 0. 00 0. 00 0. 00 0. 00 

TOTAL 60. 70 77.00 15.50 153. 20 



---------- ----------- ----------- ----------- ----------- ---- ------

--- ------ ----------- ----------- ----------- ----------- -----------

--- ------------------------------------- --------- -- ------

Table A-3.1.1 (Cont'd)
 

MOHAFAZA: 	DEIR EZ ZOR
 

RECOMMENDED S U R F A C E T Y P E 
CLASS EARTH O2FiVEL S. E S. T. HOT MIX ASPH.CONCR. TOTAL 

:, .00OJ0 	 00 a0.00a 0.00 a.e 
c.08 c00 00 00Y 0. CIO 	 0iCI. @l. 0. 00 

E: 	 0. 00 8 OZ.9 .0 0.00 10. 00CI 
C0. 00 cl. CIO 0.cl 0 0 1 5.0.090 

P. 0. O0 0. 00 0. 00 0. 00 j0. 00 10. 0 

8 0. 0.00 	 a51.10 0.00 257.80TOTAL00 


RECOMMIrEND:ED R 0 A D W I D T H IN M E T E R S 

CLASS AUTOSTR. OVER 7.01- 6. 2 - 6. 9 5. 6 - 6. I BELOW 5. 6 TOTAL 

Y 	 0.00 0. 00 0.00 0.00 0.0 0.00
 
,, 	 0. 00 L 0. O0i 0. 00 0. 00 0. 00 0. 00 

0 00 0. 00 0. 00 0. 00 0. 00 0. 00 

B 0.00 --7. 7 0 54.10 15.10 0.00 106.90 

C 0.00 101.40 9.90 :39. 60 0.00 150.90 
0.90.. 0. 00 0c0 000 0.o 0.00 

TOTAL 	 0. 00 19. 10 64. 00 54. 70 9. 00 257.80 

RECOMMENDED S U R F A C E C 0 ND I T I 0 N
 

CLASS GOOD FAIR POOR TOTAL
 

0.00 0.00 0. 00 0. 00 
X 0. 00 0. 00 0. 00 0. 00
 
A 0. 00 0. 0 . 00 0. 00
 

B 0.00 44.60 62.30 106. 90
 
c 0.00 8. 60 142.30 150.90
 

0.00 0. o 0.00 0. 00 

TOTAL 	 0. 00 52. 20 204.60 257.80 



Table A-3. .]1(Cont'd)
 

MOHAFAZA: IDLEB 
PEI rIMMlErJL-L S I.I1P F A C E T Y P E 

CLASS EARTH GPFR..'EL S B S T HOT MIX ASPH. CONCR. TOTAL 

A 

C 
, 

TOT-AL-
TOTAL 

c0 i 
£15e 

00 

0.00 
C.00 

0.O0(1 
-

0I 00 0 

0 00 
ioo 

0 0¢0 

00 
0 

[ o0 
- - - - -

01300 
,o0. 
0, 00 

.70 
0 00,-,17. 

J -00 

- - - - -

.l70 

-

0 O1 
o 
n0 nn 

I: c:0 

.so0 
- - - -----

267. 50 

- -

.EN 
91.15 

23.10 
0 00 
0. 

- - -

114.25 

I 

1.00 
91.15 
0. 0 

212. 60 
78. 70 
0 00 

- - -

382.45 

PECOMMErJDED 
CLASS 

P 0 A D 
ALITOSTP. 

W 
OYER 

I 
7 

D 
0 

T 
b. 

H 
2 - 6. 

IN
9 5. 6 -

M
6. 

E
1 

T E R S
EELOW 5. 6 TOTAL 

Ln 

Y 

X 
A 

c0. 
0 

0. 0011 a o5 

5".65 
0_ CO 
0.oo 

o 
0.00 

l 0nci:55o.as 
o 

0. 
lo.00 
13.60 

0 00 

0. 00 

0. 00 
Q. 0 
8 70 

28. 0C0o 
0.00 

---

0 CIOsa(000 
0 00 
0 0 
.00 

5. 617 
0. o0 

0. clo 

0.00 
. 0 

1(3.90 
12. 50 
0.00 

0. 00 

91.15 
0. 00 

212.60 
78. 70 
0.00 

TOTAL 5.65 1,99 10 36.70 5.60 125.40 382.45 

RECOMMENDED 

CL ASS 
S L 

GOOD 
R F A C 

FAIR 
E "C 0 

POOR 

ND I T I 
TOTAL 

0 N 

A 
: 

o 
, 

0. o0 

7. 25 
aIO 

74 20 

0 00 
0. 

0. 00 

: 40 
0. 0 

129. 20 

78 70 
oc 0.0 

a. 0C 

. 50 
k. 00 
9. 20 

0. 00 
00 

0. 00 

91.15 
0, 00 

212 60 

78. 70 

. 0 

TOTA4L 161. 45 211 :30 9.70 382.4$ 



Table A-3.11. (Cont'd)
 

MOiHAFAZAH: AL HASSAKEH 

RECCitIErIDE[, S U R F A C E T V P E 
C.LAR%' EARTH GFPAVEL S. E: S T HOT MIX ASPH CONCR. TOTAL 

Y 0 0 00 0 oo00 0o 0.00 

0 00 0 00 0.00 0 00 800 000 
A1 0 00 C0tiv.00 c 000lr 0 00 0. 00 
P 000 0. 00 120 7- 50 0.00 80.70 
C 	 . 70 0 00 19. .5 ±08 10 0. 0 305.40 

0 Ff4-- 40 : 0.00 .07 34.20 

TOTAL 	 . 70 24. 40 279. 60 115. 60 0. 420.30 

RECOMMENDED R 0 AD CI DT H IN M E T E R S 

C LA*S AUTS3T R OVER 7. 0 6. 2 - 6 9 5 6 - 6 1 BELOW 5. 6 TOTAL 

y 0. 00 0. 00 0.00 0 00 0.00s: 0. 00 
x 0.0 00 0.00 0. 0 0.00 0. 00 
A 0 00 0 00 LILJ 0. 00 0. 00 0. co 
B O.0 17. 3 1 7.10 5& :o 0.00 80.70 
c 	 0. 00 90. 80 1. 61 1 180. 50 2 s5 305. 40 
D ., 	 0 2.90 0. 00 31 I 0.00 34.20 

TOTAL 	 0. 00 111 00 3:8. 70 268. 10 2. 50 420. -0 

RECOMMENDED S U R F A C E C 0 ND I T I 0 N 

CLASS GOOD FAIR POOR TOTAL 

V 	 0.00 0 00 0. C0 0. 00 

X 	 0. 00 0. 00 0. 00 0.00 
A 	 0. 00 0. 00 0 C0 0. 00 
8 	 0. 00 80 70 0. 00 80. 70 

C 	 0.00 144 50 160 <'0 305 40 

D 	 0.00 2. 90 31. 0 :4.20 

1 OTAL 	 0. 00 22. 10 192 20 420 30 

http:C0tiv.00


------------------------- ----------- ----------- ------------ ----------- ----------- -----------

------------------------- ----------- ----------- ----------- ----------- ----------- -----------

Table A-J.1.i (Cont'd)
 

MOIIAFAZA: AL RAQQA
 

FEC OMr'C1!4tLL S LI P F H C E T Y P E 

CL.S ERPTH GFRVEL S B S T, HOT MI:- RSPH CONCP TOTRL 

0CI &-I 000i gagtt7)0t 0.00 

0 0 07 O0 0 00 0 00 000 0. 80 

A 
B 

D 

000 
000Cie 

0, 0 
0.00 

0 0
000o 

J0 
0 0 

0 

00 

40 
30 40 

0 

0 
0 

1313 

0 
00 

0
C,C21_ 
00 

000 

0 00 
130S. I0 
73. 90 
33.40 

------------------------- ----------- ----------- ----------- ----------- ----------- -----------
TOTAL 0. 00 0 00 14 20 7!. 10 0 00 242. 20 

RECO'I1IENDED R 0 A C) W I D T H I N M E T E R S 
CLASS AUTOSTP. OVER 7. 0 .2 - 6. 9 5 6 - 6. ± BELOW 5 6 TOTAL 

0D,0i 000 0 e0 0.00 @ 00 0. 00 
X 000 0 0 000 0 00 0 00 .00 

0 0 00 00. 00 

8 1 30 10: 70 0L6 22. 00 0 00 138. 00 
000o00 oo f 0.00 7: 90 73. 90 

D o 0 o 0 00. no .oo 3040 30.40 

TOTAL 1. 30 108. 70 6. 00 22. 00 104 30 242.20 

RECOMMENDED S U IP F A C E C C ND I T 1 0 N 

CLASS GOOD FRIR POOR TOTAL 

% 0 00 0. 00 0. 00 

x 0.)00 0(10C 0. 00 0. 00 
A 0 00 0 00 0. 00 0. 00 

6 0< 00 8 10 59 90 13s. 00 

C 0 00 7- 90 0 00 73 90 

D 0 00 70 40 0 I0 30. 40 

I'CI RL 0 00 1*2 4'1) 59. 91E0 242. 20 



Table A-". 1.1 (Contd) 

MOUHArAZA: AL SUWEIDA 

F'ECjrfl" ?[,E[) ." P F H C. E 
IL--. ERPTH GFVEL 

---------------------------------- -----------

T 
: S T 

-----------

Y P E 
HOT MIX 
-----------

,SPH CONCF' 
-----------

TOTAL 
----------

:IC! 
LVOO 

RlCt 

6 

1: o t'J-

E, O L 00J 

------------------------------- -----------
TOTAL 0 00 

c00 cu 
0 

CIl 

0 00 

00 

-----------
0 00 

115 

0 CAO 0. 00 
01eo 00 
0.00 -

B00 -3, o TI 

0i__o : 44 90 
00 000 
--------------------------
&.) 128 00 

Lj 

v 0 
00 

0 0. 

0o 0 
0 0 cl 
0 00 

0l 00 

.000 
000 

83, 10 
44 90 
0,00 

----------
128. 00 

FEC rIMENDED R c A D 
0'_sS R!JlI,--STR. 
--------------------------- -----------

W I D 
O',.'EP 7 0 

-----------

T 
6 

H 
_ - .9 

-----------

It" tl E 
- - . 1 

-----------

T E R S 
BELOW 5. 6 
-----------

TOTAL 
----------

10
0 

' 0-01 0. 000 

X ., 00 0 0 
O.00 00 t 

B 0 . 
C 00V73 70310 
C 00 

------------------------------------- -----------
TOTAL 0 00 45. 00 

&0 03 

Li cU 

200 

C,0.00 

-----------
55 60 

0.0J 
cl 00 
000 

u20 20 
550 
0 

-----------
25. 70 

0 00 
0. 

0 00 
0 00o 
i 70' 
0 

-----------
1. 7o 

00 

0. :0 

44. 90 
00 

----------
128. Or 

RECOMMENDED S U R F 
CLASS GOOD 
---------------------- -----------

A C E 
FAIR 

-----------

C 0 ND I 
POOR 
------------

T I 
TOTAL 
----------

0 N 

%. 
X 
A 
B 

C' 

TOTHL 
T------------

o.10 
0. 00 

. o0 
000 
0 00 
0 . 00 

0. 00 

000 
0. 00 
0i. 00 

8. 10 

43. 70 
0. O0 

-----------
:126. SO 

000. 
C. 00 
U. 00 
00 00 
1. 20 
0. 00 

--------- ----------
1. 20 

00 
0. 00 
0. 00 

83 10 
44. 90 

0. 00 

±28.00 



Table A-3.1.1 (Cont'd)
 

MOUHAFAZA: UERA'A 

PEL rMr [tJEU, U F F A C E T Y P E 
CLFI: EA'TH GRAVEL . S T HOT MIX ASPH Cf!NCR TOTAL 

0 0 0 $;1 ILIci 0 Ci 0 t 0 00 
0 0 0 00 C00 0c0 0 0. 00 

A 0. 0c 0 0 0 0 2 6 e000 1,O 7360oooooooo 01 ?Zol- 1 

E 0 00 0.00 00 24 C, 52.40 
S% 1-0 01 2 52.30O7 000 

0l. 0l0 0 0o -4 F0 00 0 0 0. 00 

00 0 00 - 0TOTAL 0 0.0 -,:E: 0 178.30 

PECOMMEN[.ED P. 0 A D 1.1 I ',1 H IN ri E T E P S 
CLASS AITf'STR. OVER 7. l 6 2 - 6. 9 6 - 6 1 BELCMW 5. 6 TOTAL 

Y £. (0 0. 00 0 00 C00 0 00 0. 00 
x 0.00 00. 000 O00 0. 00 0.00 
A o00 I 0 00 0 00 0 00 7-.3 60 
8 0. 00 15. 70 ] 1 10 e05600 52. 40 

0.00 12 - 0. o 40 00 17100 52 30 
D 0 00 0. 00 0 00 0o C o o0 0.00 

TOTAL 0. 00 101. 60 31. :10 45 60 0. 00 178.30 

RECOMMENDED S U R F A C E C: C ND I T 1 0 N 
CLA*R GOOD FRIP POOP TOTAL 

S0. 00 0 00 0 O0 . 00
 

0. Oc l00 0, I .0
 
A 73 60 0 00 0. 00 7. 60
 
8 0. 00 5' 40 0 00 52 40 

C: 0 00 1, 60 50 70 52.30 
0 0. 00 00 0. 00 0. 00
 

TOTAL 72 60 54. 00 50. 70 178. 30
 

http:PECOMMEN[.ED


Table A-3.1.1 (Cont'd) 

MOUHAFAZA: TARTOUS 

PECO'It'IENtC[EL, 5 U P F H C E T / P E 
CLFCS EAFTH GI 'AV.,'EL S E: S T HOT MIX ASF'H C'jiCR TOTAL 

' 0C4 0 Cl 0 ci 0 CI l IO 0 00 

A 
S000 
0 00 

0,0 
Cl lci 

0 0 
c00 

0, 
f4 0i 

0njn 
0IC PIC 

0 00 
65. 90 

B 0.00 0 00 o[ 25 30 1 00 25. 80 
C . 00 000 - 00 42 60 el0 42 60 
D 0 0o 0 __ 4 0 5C) 20, 00 0 00 60. 50 

TOTAL 0 00 0 00 40 50 154. 30 0. 00 194 80 

PECOMM.1ENDED R C, A C. W I C, T H I N M E T E R S 

CLASS AUITOSTP OVER 7 0 6 2 - 6. '9 5. 6 - 6 ± BELOV 5.6 TOTAL 

, 
W 
x 

0 0
00 

0 l)
0.00oo 

0 00
0 00 

0. 00 
o 

000
u00 

0. 00
0. 00 

0
0 0B 

A
8 
C 

0 11"0 
O 

000 

40 90 
C,.0i0C, 

160 

1 2, ri 
i 

0. L 

0. 00
1I0 sc 

2O7 

0 00
1.5. 00 

65. 90 
25. 80 
42. 60 

, 0 ,,o cl vi 40 50 .; U 199- 1=' 60. 50 

TOTAL 0 00 42. 50 65 50 14.40 }'2. 40 194 80 

PECOMM1ENDED S U R F A C E C 0 N1, I T I 0 N 
C:L .SS GOOD FAIR POOR TOTAL 

V 0. C0 0 30€ 0. 00 (1 00 
X 0. 00 0. 00 0 00 0. 0i 
A 9. 70 56 20 ' 00 65. 90 
B 0. 00 25. 00 0 00 25. 80 
C 0 00 42 60 0.00 42. 60 
E) 0 O0 20 00 40 50 60. 50 

ICITHL 9 70 144. 60 40. 50 194. 80 



--------------------------- ----------- ----------- ----------- ----------- ----------- -----------

Table A-3.1.1 (Cont'd)
 

MOUHAFAZA: QUNEITRA
 

PECOMMEJELED S LI P F A C E T Y P E 
CLFISS EAPTH GRAVEL S B S T HOT MIX ASPH CONCR TOTAL 

Y 	 0 00 0 00 0.00 0. 00 0 00 0.00 
S000 0 00 0. 00 0.00 F 0 00 0.00 

A 0 00 " 00 0 00 0 00 I 0 00 0.00 
B 0.00 00 0C00 27 00 1 0.00 27.00 

C 000 0 00 15 00 0. 00 15.00 

o 	 0.ooC 00 0 00 88 00 0.00 88.00 

TOTAL 	 0 00 0 0 0 00 130 00 0. 00 130. 00 

FECOMME ED R 0 A D W I D T H IN M E T E R S 

CLASS AUTOSTR. OVER 7. 0 6. 2 - 6 9 5. 6 - 6. 1 BELOW 5.6 TOTAL 

Y 0.00 0.00 0.00 0.00 0.00 0.00 

X 0. 00 000 0.00 0.00 0.00 0.00 

8 0.00 27.00 0 00 0. 0 0.O00 27.00 

C- 000 00 00 15 00 0.00 15.00 

D 0 00 28 00 000 60.00 0.00 8.00 

TOTAL 	 0. 00 55.00 0, 00 75.00 0.00 130. 00 

RECOMIENDED S U F F A C E C 0 ND I T IO N 

CLASS GOOD FAIR POOR TOTAL 

- 0 00 0.-00 0 00 0.00 
0. 00 0. 00 0.00 0.00
 

A 0 00 0 00 0.00 0.00
 

B 0 00 27. 00 0. 00 27.00
 

C 0 00 0 00 15 00 15. 00
 
0 	 0. 00 28 00 60 00 88. 00 

TOIRL 	 0 00 5500 75 0 130.00 

Source: Consultants: Inventory and Traffic Counts.
 



Table A-3.1.'
 

SECONDARY AND TERTIARY ROAD LENGTH STATISTICS 

MOUHAFAZA: DAMASCUS 

PE,. TirPI'J1 L , F" 
f.-- E -'TFH 

---------------------------------

F i 
- F 

!,.F.) F L 5 
------------

T 
--. 

-----------

Y F E 
HOT MIX 
-----------

R$PH CONCP. 
-----------

TOTAL 
-----------

H 

E; 

S-
----------------------

-

0 Li 

I_ 

-----------

-

C0LLIy' 

, T 

----------- -----------

6 7io o& 

11L.~A 

:to0. 04 
13: ±-

-----------

oi e1 0 
C-'01ZI@ 11G 9 

0 '-_loi 9d 99 
@ 00 344. 11 

------------ ----------

7CIb-IL 1E1cicII 0i .r0 1~-, 1j 124- C-7 0 OLCt 14no-00' 

I 

IF:ECOI.IrID 
CLHS'-. '.EF 

--------------------------

F"0 H C W I D, T H IN rI E T E R S 

6. . 4 - 6 5 4-59 4. 5 - 5, 3. 5 - 44 8ELO -. :. 5 
----------- ----------- ----------- ----------- ----------- -----------

TOTAL 
----------

0 A 
8-iE 

-------------------------

tCi L:1~iV tcc 
-!J925i T0 

lio 1-:I , 
[i  41 57 

----------- -----------

0,0 
"2. 70 

:ICt6 .5:7-f 
1S ,7 
-----------

.o o000 
0 00 

. 9-
1;2. 87 

-----------

lCI 
6 61 

11S.L1 

e oo 
-----------

0 00 
i. 00 

0 Cie 
-----------

116. 90 
938.99 
344. 11 

----------
TOll-iL 11 Zw .U:-. 415 711, 24 1-66 79 124 61 0 ,0 1400.001 

PECOMPrLNLDEL, S U R F R C 
u:LRSS VERY GOOD GOOD 

-------------------------------- -----------

E C 0 N 
FAIR 

------------

D' I T 
POOR 

-----------

1 0 N 
VERY POOP 
-----------

TOTAL 
-----------

A 
E; 
ci 
D 

-----
r(OTRL 

-

90 
010 

0 00 

11 90 

U 

5. 20 
6. 

ct C0 
-----------------------

4 -' 8 3 

0 1)171 

54 : 0 
747 22 
:-. 7t 
-----------

1111 T~e 

0.0 
45 0 0 
154 14 

0..1 
-----------

199. 14 

0. 0 0 
0 o0 
0. 0 

30,.41 
---------

30. 41 

0,
116. 40 
978 99 
344. 11 

----------
1.4001.00 



----------------------------------- ----------- ----------- ----------- ----------- ----------- -----------

-------------- ----------- ----------- ----------- --------- -----------

Table A-3.1.2 (Cont'd)
 

MOUHAFAZA: ALEPPO 
LF M1E't;,F([.S U F" F 0 C E T Y F" E 

EARF'TH 6PFHVEL S -S T HOT MIX ASPH CONCR. 

F0 0 C0 	 0 00.io0 	 0I0 
E: 	 0.00 n° o. b°io QO Il 0 01-

0 n F.[ 4194. 4. 000 
S.00 [. 	o0 0 343 22 C. 00 


TCTRL 	 ci00 o 00 412 45 290 55 0. C10 


PEC	O.MENIEE[, R 0 A l, I [: T H IN M E T E 

CLASS COVE 6 - 6. 0 - 4. 5 5 _3. 6 6 4 5. 4 5 9 - 3 5 4. 4 


A- r-1i 00. 0_0 0. 00 0. 08 


0 Il. .u' 0. 00I. 0.0CIO.00 0. 

1- 06-.- 4. 247 72 17± 72 . AA 


, .00 0.00 22. 83 292 76 2,.E4 


1:1 HL 	 0.1810 47. 33 270. 56 464.47 27.64 


RECOM1ENDED S U : F A C E C 0 N D I T 1 0 N 
CLRSS VER'," GOOD GOOD FRIP POOP VERY POOR 

0.00 0. 00 0. 00 0. 00 0.00 
B 0. 1 0Q. 00 8000 0 00 0. c0 
C 	 0. 00 0. 00 406. 47 0 00 60. 31 


V 00 315.58 0. 00 0. 00
0. 27. 64 


TO tAL 0. 010 27. 64 722. 015 0 00 60. 31 


TOTAL
 

0.00 
0.00 

466. -";3 

343. 22
 

810. 00 

P S
 
E!ELO'W3. 5 


0. 08 
0.00 
0.00 
0.00 

8.00 

TOTAL 

0.00 
8. 0 

466. 78
 
343. 22
 

818. 00 

TOTAL
 

0.80 
0.00 

466. 78
 
343.22 

81.0.00 



--- ----- ----- ---------- ----------- ----------- -----------

--------------------------------- ----------- ----------- ----------- ----------- ----------- ------- ---

------------------------- ----------- ----------- ----------- ----------- ----------- ----------- -----------

----------------------- ----------- ----------- ----------- ----------- ----------- -----------

-------------- ----------- ----------- ----------- -------- -----------

Table A-3.1.2 (Cont'd)
 

MOUHAFAZA: HOMS 
'E, ,.!w. JEr S U P F i ,-E T Y P E 

,L=,=. EFI:F4"TH S. :. IFH.ELr HOT D11: SPFH i:CiNCP. TOTAL 

H 1- L3 I'l ibi Cl 00I 0. ~ C8.80 800 

0 1 

L 0 08: q8- -1. 89 258. 51 8. 0 292. 40 
b:0u LI O0 i bi0l ] 0 i-- I 0 ,0 00.

o9"9. 240[0cl [ 0- :0 74 0. 08 347. 60 

Ti2THL 0. 080 0 Il 281- 74 358. 26 J. 0 640. 00 

,EC.Ot*1ENDE, : 0 A C- I.i I C T H I N M E T E R S 
CLS OVER 6 6 6. 4 - 6. 8 5 4 - 5.9 4.5 - 5.3 3.5 - 4.4 BELOW 3.5 TOTAL 

A & O0 00 Ol 00 .. 00 08.88:3. 00 0.00 

E:. I . O0 8. 0 0800 0.00. 0.80 
1722 :. u, N41 0,8 00 0 00 292. 40 

D 10C. 29 51. 92 Q. 88 195. f9 CI, FTC0 0.0 347.60 

S5.81 0 4:6 69 0.08 0.00 640.00TOITiL 11.51 C. 

PECOMMENJDED S U R F A C E C 0 N D I T I 0 N 

CLRSS VERY GOOD GOOD FR1 R: POOR VERY POOR TOTAL 

H 0.00 0. 00 0. 00 0. 0 . 00 0.0 
-: 0 00 0.00 0. 000 . 88 0.00 0.00 

C: 0 08 8.08 25:3. 51 . 08 33. 89 292. 40 

0. 80 0, 80 295 68 0 00 51 92 347. 68 

101H-L 0. 0U 8 .00 554 19 0.08 135L 8:1 640. 03 



Table A-3.1.2 (Cont'd) 

MOUHAFAZA: HAMA 
' NLr-IIEr. 

L 1:... 

$ '-
EHPi H 

FT F A C 
GH'dEL 

E 
S B S 

T 
T 

V P E 
HOT MIX ASPH C'l'tjP TOTAL 

E: 

S4 

U. 00 
0. U' 

1I--

'E.u007 
0 '1i 
LI C1 

| L 

P 
'7 

5-' 5:: 

0 

00 
£i' (i 

Clio 

011 
14 210 

289 99 

-1 0 
0. 00 
' 00 
c0 

0.08 
14. 28 

885. 80 
0. 0 

ilL 0L.0 0 5 :l:0 -1-14 19 17 00 900. 00 

FECOrPIErUJ(EE, 

CLH',S 

R 0 

O'EP 6. 6 

A C, 

6. 4 - 6. 0 

W. I 

5 4 

D T 

- 5 9 

H 

4. 5 

IN 

- 5. -

P1 E T E 

7?. 5 - 4. 4 

R S 

BELO4 3 5 TOTRL 

w 

0 
-1 
: 

' 

.o 

Lt. 40 

[ 
0.0 1 

.Oo 
S 00 
0. 0 

, 

0, 0C. 
1. 0.0 

9 
0 O00 

0 cl 
14. 20 

429. 8: 
10 

o0.00 
8.0, 
- 2 
01. o 

08 
8.08 
. 00 

0. 80 

8.00 
14.20 

885. 8 
0.08 

TOTAL 52. 58 0. 80 -T. 59 444 01 35. 820. ki 8 900.8 

RECC'MENED 
CLASS VEFY 

LI 
G,:OOD 

R F A C 
GOOD 

E C 0 
FAIR 

N D I T 
POOR 

I 0 
VERY 

r4 
POOR TOTAL 

A 

L) 

8.0.00 
0. CIO 
0 IL0 

ci.00 

008 
14. 20 

160.95 

.i0 

10. 
0. 0(

6091. 59 
0. 00 

0.IO0 00 
0 Oc 
0:.00 

00 

0CO0 
0, 00 

115. 26 

0. 

0 0 
14. 20 
885 80 

. 0 

rOTHL 0. 00 175 15 t09 59 8. 00 115. 26 900 00 



--------------------------------- ----------- ----------- ----------- ----------- -----------

----------------------------------------- ----------- ----------- ----------- ----------- ----------- -----------

------------------------- ----------- ----------- ----------- ----------- ----------- ----------- -----------

------------------------- ----------- ----------- ----------- ----------- ----------- ----------- -----------

----------------------- ----------- ----------- ----------- ----------- ----------- -----------

----------- -------- -----------

0 

Table A-3.1.2 (Cont'd)
 

MOUHAFAZA: LATTAKIA
 
A C E T / P E 

TOTAL 
-ECCC'1EN.EL) 	 S I r' F 

i:LH,.- EHP:TH GFiF:.'EL S B S T HOT MI> HSPH. CONCR 

00 , 07w17, 0i 0 0 0. 700 00 0. o,-	 7.0 7 0 ci 00e 70, TO0:. 0OLl 0 00t, OoC 
11 1 0_ 0';0 F ;.?7 10 9. 23 0 00 606. 33 

c, vi 00- i ca, 316 3f0 76. 17 00 -92. 97 

456. 1 0 U0 1070. 00TO'TI'L 	 0 0ci. Vici 6i- 90 

P 0 A C W I D T H IN M E T E R S
F:ECOMMEtI[ED 

- 4. 4 BELOW 5 TOTAL- 9 4.5 - 5. 3 3. 5CL4-.S O:'VEP. 6. 	6 G. 4 - 6. 5. 4 

O 70.
8 	 1. 0_.0o 0 0 70. CO 0. O0 0 7X 

a% 	 C 0. 0 0 _ -4. 4;: I _7 325 . i_5-, 0. 00 606.33 

r 0. 00 76. 17 0. 00 253. 14 o. 0 o 62. 66 392.97 

T,1THL. 	 -0 iS.10 65 155.37 649.36 90. 95 6].66 1070.k 

T I O N
RECOMMENDED S U R F A C E C O N D I 
POOR TOTAL

CLASS VERY GOOD GOOD FAIR POOR VERY 

0. 00 0. 00 
Sc 011 0. 00 C, c 0. 00 
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0 
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0 
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8. 
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1.31s. 02 
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f0. 00 
0.00v 
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A
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S0. 
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0. 
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0. 081:1 

a. 00 
0. 00 
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0. 
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D 
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0. C0 
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0.00 
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0.00 
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0.00 

0.00 
403.32 
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N 
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B 
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.O 
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OPERATIONS
 

4.1 ROAD TRANSPORT INDUSTRY
 

Passenger Movement
 

General
 

Road passenger movement by common carrier on Syrian highways is
 
performed by buses, taxis, and microbuses. Passenger rates are
 
regulated by the Ministry of Supply and Internal Trade in con
sultation with representatives of the operators and the Minis
try of Transportation, which is responsible for licensing motor
 
vehicles.
 

Bus Operation
 

The bus operation falls into three categories: urban, inter
city, and international. Each Mohafaza center has an urban bus
 
system that belongs to the municipality. Intercity buses are
 
privately owned, except for the Karnak Company, which is partly
 
Government owned. The Karnak Company accounts for less than 1
 
percent of the capacity and bus kilometers in Syria. Operators
 
of the privately owned buses are only allowed to service routes
 
for which permits have been obtained from the Mohafaza centers
 
(for intra-Mohafaza, inter-Mohafaza, and international) and
 
according to agreed upon service frequencies and fares.
 

Fares of buses are in accordance with Decision 1895, based on
 
Decree No. 339 of 30 March 1978 and Law No. 123.
 

Taxi Operation
 

Taxis are an important complement to the bus service and are
 
also subject to regulations regarding ownership and fares. Taxi
 
fare rates are established by the Ministry of Supply and Inter
nal Trade and in accordance with Decision 71 of 30 March 1978,
 
Decree No. 339. According to Decree No. 339, taxis engaged in
 
transport activity are authorized to charge only the rates
 
stipulated in the decree.
 

Taxis with a seating capacity of five to six persons operate
 
between cities on fixed routes as do the buses, but they charge
 
fares that are approximately three times higher than those of
 
the private buses.
 

4-1
 



Microbus Operation 

Microbuses, ahich have a seating capacity of 18 to 22 pas
sengers, operate on urban and intercity routes. Like taxis and
 
private buses, their routes and fares are regulated by the 
Ministry of Supply and Internal Trade based on Decree No. 339 
of 30 March 1978 and Law No. 123. 

Administrative Structure
 

A committee is established in each Mohafaza (committee for the 
combined organization of passenger transport) with the respon
sibility of specifying routes, frequency of service, stopping 
places, seat availability, and the requirement for standby 
vehicles in the Mohafaza. In addition, for each bus route, an 
administration group with a maximum of five members is elected 
by the bus owners to coordinate the operations of the various 
privately owned buses on the route. The group establishes an 
office for the management of the route. All passenger, baggage, 
ind other revenue from the route is deposited in a combined 
fin,i, which is used for the support of the office and payment 
of the committee members. The balance of the fund, after the 
above expenditure, is distributed monthly to the bus owners on 
the basis of their contributions to the total bus capacity on 
the route, but without consideration of the number of passen
gers carried by each bus.
 

Passenger Rate Structure
 

The basis for establishing the passenger rate structure is the
 
passenger-kilometer cost. The Ministry of Supply and Interior
 
Trade and the MOT Passenger Directorate have analyzed the oper
ating cost of two types of taxis (Dodge Coronet and Mercedes
 
190), two buses (Scania and Fiat 331A), and the typical micro
bus, the Fiat OM. In this analysis the following cost compo
nents were considered:
 

- vehicle acquisition cost,
 
- capacity,
 
- actual loading capacity,
 
- rated horsepower (hp),
 
- taxable hp,
 
- tires,
 
- annual kilometers travelled,
 
- insurance,
 
- licensing and taxes,
 
- tax on profit,
 
- running cost (fuel and tires),
 
- maintenance and labor,
 
- overhead,
 
- amortization,
 
- miscellaneous running costs.
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The method used by the Ministry is the total annual expenditure
 
divided by the vehicle-kilometer productivity. Further, a per
centage is added for profit, depending on the Mohafaza or area
 
involved. Road conditions are also considered in establishing
 
the passenger-kilometer cost of operation.
 

Revisions of bus, taxi, and microbus fares are worked out peri
odically through negotiations between the operators and the 
Ministry through the Mohafaza centers. Passenger fares are 
usually the same per kilometer for long and short distances.
 

Passenger Rates
 

Bus fares vary from SP 5.25 for 355 kilometers to SP 1.00 for
 
47 kilometers. An average figure of SP 0.018 per passenger
kilometer is representative of the privately owned bus. Micro
bus fares range from SP 10.60 for 355 kilometers to SP 1.00 for
 
47 kilometers. An average figure of SP 0.026 per passenger
kilometer is representative of the microbus.
 

Fares on the Karnak Company bus are more than double those
 
charged by privately owned buses because of the luxury service
 
provided by this partly Government owned firm. Regular fares
 
for the large bus operated by the Karnak Company range from
 
SP 15.50 for 355 kilometers to SP 2.00 for 47 kilometers dis
tance. An average figure of SP 0.043 per passenger-kilometer is
 
representative for this type of public bus.
 

Taxi fare rates vary from SP 16.50 for 355 kilometers to
 
SP 2.25 for 47 kilometers. An average of SP 0.047 per pas
senger-kilometer is representative of the taxi fare.
 

Figure 4.1 shows the fares charged by privately owned public
 
buses, the Karnak Company buses, microbuses, and taxis.
 

Commodity Movement
 

General
 

In Syria, the truck fleet is divided into the following cate
gories:
 

- private: vehicles of privately owned firms and organi
zations,
 

- pub±ic: common carrier vehicles owned by private in
dividuals and subject to Government regulations with respect to 
licensing and freight rates, 

- Government: Government owned vehicles belonging to 
Government agencies and public-sector companies. 
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According to the Consultants' 0 & D surveys of 1979, the pri
of truck fleet;
vately owned vehicles make up 32 percent the 


this fiqure includes light pickup trucks. Privately owned
 

are not allowed to conduct business for hire. The
vehicles 

common carriers
Consultants' 0 & 1)surveys indicate that public 


for 63 percent of the fleet, and Government owned
account 

for Government trucks include the
vehicles account 5 percent. 


fleets of such enterprises as the Phosphate Company, the Cotton
 

Authority, and the Wheat Authority. Government institutions
 
own vehicles,
wishing to transport goods also do not have their 


but use public carriers at what effectively are prefercommon 

to the private sector shippers, who pay
ential rates compared 


25-30 percent more than the Government estab
approximately 

lished rates. Based on output, it is estimated that 80 percent
 

are for the account
of the transported goods by common carriers 


of the Government.
 

Cargo Transport Office (CTO)
 

this system a number of Cargo Transport Offices (one in

Under 

each Mohafaza, plus subsidiary offices as necessary) allocate
 

trucking fleet on a day-to-day basis. The system
carqo to the 

February 1972, with
 was established under Decision No. 82 of 24 


within the scope of Decree No. 66 of 20

the decision coming 

April 1964. The CTOs are privately owned but all aspects of
 

their operations are closely controlled by the Ministry of
 

Transport, Directorate of Cargo Transport.
 

The system was established at a time when truck capacity in
 

Syria was considered to be inadequate, with the apparent 
short

age of trucks being attributed to a combination of factors,
 

including vehicle import restrictions, difficulty in financing
 

vehicles, low truck tariffs established by the Government, arid
 
an ownera regulation which required that no person could have 


ship interest in more than one commercial vehicle. The primary
 

the CTOs was to allocate the available cargo to the
 
purpose of 


as to ensure the highest posthe in such
trucks in fleet a way 


sible utilization of the fleet capacity.
 

Operation of the CTO System
 

The CTO in each Mohafaza obtains information on the cargo
 

from a number of sources, includavailable for transportation 

the publicly owned entering discussions with the officials of 


prises, telephone calls or delivered messages from these
 
owned companies
officials, communication with the privately 


such as manufacturers and importers, and through daily meetings
 
in the port


with the Port Directorates in the cases of the CTOs 

to be assigned to
 areas. According to the regulations, cargo is 


the common carrier trucks as follows:
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The drivers of empty trucks report to the CTO, where
 

issued a serial number. The numbers are issued in the

they are 


the CTO.
sequence in which the trucks arrive at 


- The trucks are sent to pick up the available cargo in 

order of their serial numbers, except when the size or type of
 

the cargo. The driver is issued a

truck is not suitable to 


the

"loading ticket," which authorizes him to proceed to where 


load is located and to have the cargo loaded on his truck. The
 

cargoes of publicly owned companies are given first priority 
in
 

of trucks. A driver may refuse an assigned load
the assignment 

but he then loses his serial number and will not be reassigned
 

in that day.
 

- When the truck is loaded the driver returns to the CTO 

"pass ticket," which authorizes him to transportand receives a 

the origin
the cargo to the destination. This ticket indicates 


type volume of the
and destination of the cargo, the and 


commodity, and the registration number of the truck.
 

- When the truck is unloaded at the destination the 

driver collects payment from the consignee, or if necessary 

the next day for payment, and proceeds to the nearestreturns 

CTO (or another if he chooses) to start the process again.
 

- In the case of transit trips (cargo going to other 

countries) the driver must have completed the transportation 
of 

inside Syria before he can qualifyfour public-company cargoes 


for a transit trip. (Only two are required in the case of a
 

in the of Iraq.)
cargo for Jordan and three case 


- The Ministry of Transport may order that all trucks 

a or number of the trucks, be
registered at CTO, any specific 


high priority public-sector cargo.
sent to a location having a 


one CTO has a shortage of trucks, vehicles from

Similarly, if 


first CTO. In this case,

another CTO may be sent empty to the 


the truck owners are paid 25 percent of the normal loaded
 

tariff for the trip, with this additional fee being paid by the
 

owners of the cargoes.
 

- The decree implementing the CTO system specifies pun-
The penalty

ishment for the contravention of the regulations. 


for most offenses calls for the suspension of the truck for 10
 

the case of a shipper, the suspension of
 
to 20 days or, in 


a period. The regulations

transportation services for similar 


require that all cargoes be transported within this allocation
 

not allow private arrangements between a shipper

system and do 


and a trucker for the transportation of the commodities.
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The CTOs charge fees for the issuance of loading tickets and
 

pass tickets. The schedule of fees is shown in Table 4.1.
 

in the
 
The system appears to operate essentially as specified 


some exceptions. In some cases,
regulations, although there are 

independent arrangements for the
 

cargo owners and truckers make 

thus circumventing the system. This
 

transportation of cargoes, 

hauls within a Mohafaza where
 on the shorter
normally happens When
 

there is less chance of detection at a control point. 


are most often in a form other than
 
penalties are applied, they 


the suspension specified in the regulations. Given the apparent
 

avoidance of suspensions as a
 
shortage of truck capacity, the 


interest of the economy. On the
 
penalty is probably in the best 


be systematic deviations from the
 
whole, there do not seem to 


prescribed system.
 

Major Problems
 

The main problem in truck transportation in Syria, as noted in
 

this volume, is the low utilization of the
 
other parts of 


The carrier trucks are privately owned
 trucking fleet. common 

normally having an ownership interest, so
 

with the drivers 

owners drivers


there is adequate incentive for the and to
 

to achieve high utilization. The low utilization is
 
attempt 
 are
of waiting time which
primarily a result of various types 


cases the waiting

the control of the driver. In some
beyond 


can be attributed to the offices of Cargo Transport. 
Major


time 

time elements are:
 

turn number on arrival at a CTO.
 
- Time awaiting a serial 


indicate
with CTO employees and with drivers that

Interviews 

the numbers are issued almost immediately upon arrival, 

so that
 

this is apparently only an occasional problem and not 
a serious
 

a load. This depends on
Time awaiting the assignment of 
-
at any
availabilities
the situation regarding truck and cargo 


given time, but given the apparent shortage of trucking capac

ity, it would not generally be expected to present a serious
 
is of largest in
 

problem. At the Tartous CTO, which one the 

average waiting time


trucks cargoes handled, the
terrs of and 

is approximately one hour per truck.
 

- Time between the assignment of a cargo and the actual 

the truck. This can be one of the most 
loading of the cargo on 


it can be attribcases,
significant time losses, and in some 


uted to the operation of the CTO.
 

-- In some cases, trucks are sent without the cargo 

a clear understanding of the 
owner being informed or without 


required. Long

number of trucks required and when they are 


waiting times then result.
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Table 4.1
 

SCHEDULE OF FEES ,FOR CTO SERVICES
 

Loading 
Ticket 

(SP) 

Pass 
Ticket 

(SP) 

Pickup or Light Truck 2.10 3.60 

2 Axle Truck 2.10 5.60 

3 Axle Truck 3.10 7.60 

Truck with More than 3 Axles 3.60 9.60 

1 A "loading ticket" is the authorization to proceed empty to 
the place where a cargo is available and to load the cargo onto 
the truck. 

I 
A "pass ticket" is authorization to transport a specific cargo 

from its origin to its destination.
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-- In some cases, a group of about 40 or 50 trucks 
will be sent, even though the cargo handling :acilities or 
other factors limit the loading rate to four or five trucks per 
hour. Long waiting times result for the last of the trucks to 
be loaded. 

Both cases result from a lack of coordination and understanding 
between the cargo owner and the CTO, which is often the result 
of inadequate commuication facilities. However, while the 
waiting time can be atcributed, at least in part, to the CTO in 
these case_ the more significant time losses between arrival 
and loading se beyond the control of the CTO. They result from 
inefficient cargo handling, the breakdown of handling equip
ment, earty :losing hours of publ.c-sector companies, and 
similar factorE. 

- Time between arrival at destination and time of unload
ing. In Some cases, this delay is attributable to the CTO in
 
that the CTO did not notify the receiving company or agency of
 
the expected arrival of the cargo. Again, this is often the
 
result of inadequate communication facilities. In addition,
 
there is some question as to whether this should be the respon
sibility of the CTO. The more important delays, however, arise
 
from the early closing of the receiving agencies or their
 
inability to unload the trucks at a reasonable rate.
 

These are probably the most important cases of delays and time 
losses attributable to the CTOs. It is clear that communica
tions should be improved between the various CTOs themselves, 
between the CTOs and the shippers or agencies loading the 
cargoes, and between the CTOs and the receiving agencies and 
companies. As with any agency, the performance of the CTOs 
could undoubtedly be improved. While privately owned, their 
operations and financing are closely controlled by the Govern
ment, and they have little if anything to gain in the form of 
profits by making additional efforts to ensure more efficient 
truck utilization. However, the improvement of their operations 
would problbly have only a marginal effect on truck utiliza
tion, a: tti,major cases of truck time losses are beyond their 
control. Most of the major problems have been discussed in 
other parts of this report, but they can be summarized here: 

- In the allocation of trucks, the CTOs are required to 
give priority to public-sector companies. However, while tar
iffs are regulated and are officially the same for all compa
nies and transport operations, the private-sector shippers and 
importers are willing to pay amounts considerably above the 
regulated tariffs, while the public-sector companies can pay 
only the regulated tariff. The truckers, therefore, will often 
refuse a public-sector load and remain idle for the rest of the 
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day in the hope of obtaining a more profitable cargo, either
 
the next day ou- outside of the system. Chapter 6 below demon
strates that 1-he established tariffs are below the operating
 
costs of the vehicles, and in fact it is necessary to give the
 
truckers an extra incentive to carry public-sector loads by

giving them priority to carry a high-revenue transit cargo
 
after they have transported four public-sector cargoes.
 

- The public-sector companies, the port administratior,;, 
and other agencies with cargo to be transported tend to request 
a large nurcber of trucks at one time, sufficient for their 
daily requircment, even though they have the capability of 
loading only perhaps four or five trucks per hour. The remain
der of the requisitioned trucks must wait for varying lengths 
of time until they can be loaded. Then, many of the agencies 
cease operations early in the afternoon, and some of the trucks 
are not loaded until the next day. The same problems occur at 
the unloading end. There is a regulation requiring that 
truckers be compensated for waiting time above a certain mini
mum, and there are regulations requiring longer hours of opera
tion by the public-sector company facilities, but these are 
apparently seldom observed. 

- Cargo handling methods tend to be inefficient, with a 
high incidence of manual handling of cargo, and it is not un
usual for cargo handling equipment to break down. These factors
 
increase the loading and unloading time of the trucks.
 

- Trucks are not allowed to pass through Damascus during
 
normal daylight hours. They are restricted to the period be
tween 8:00 p.m. and 6:00 a.m. Any trucks arriving outside of
 
those hours must remain idle on the outskirts of the city.
 

- The drivers are responsible for collecting payment for
 
the transport service. Even in cases where they are able to
 
unload after 2:00 p.m., the offices are frequently closed and
 
they must come back the next day for payment.
 

In the transportation of a public-sector company cargo from the
 
Port of Tartous to the southern side of Damascus, the tollowing
 
pattern is apparently not unusual:
 

- Day One: Proceed from CTO parking area to the port for
 
loading, as one of a number of assigned trucks. Unable to load,
 
stay over to Day Two.
 

- Day Two: Load at Tartous, proceed to the CTO for trip
 
ticket, proceed to Damascus. Wait outside of Damascus until
 
8:00 p.m., then proceed to the destination in south Damascus,
 
which is closed.
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- Day Three: Wait to unload; prior trucks not all un
loaded by 2:00 p.m., warehouse no longer receiving. Wait until 
Day Four. 

- Day Four: Unload in morning, obtain payment, proceed to
 
the edge of Damascus. Wait until 8:00 p.m. and then return to
 
Tartous.
 

Thus a trip of about 260 kilometers, with an empty return haul
 
of the same distance, frequently requires a full four days.
 
Based on 292 operating days per year, a vehicle following this
 
pattern would cover only about 38,000 kilometers, of which only
 
about 19,000 would be revenue kilometers. This hypothetical
 
example apparently overstates the problem since Consultants'
 
data show an annual kilometerage of 50,000 per truck per
 
year. 1 The difference might be due to longer average trip
 
distance; a quicker turnaround time; kilometers accumulated on
 
trips outside Syria; or a combination of any of these. Whatever
 
the reason for the difference, even the higher kilometerage
 
figure represents an unusually low level of truck utilization,
 
which is the primary reason for the apparent shortage of truck
 
capacity in Syria although a main objective of the CTO system
 
is to help to achieve high vehicle utilization. It is clear
 
that main causes of low utilization are largely beyond the con
trol of the CTOs. (The current de facto tariff differentials
 
also present at least the opportunity for corruption. The Con
sultants have no means of assessing whether or to what extent
 
it occurs.)
 

Possible Alternative Systems and Improvements
 

The Cargo Transport Offices perform what is essentially a
 
transport organization and marketing service. In trucking, as
 
in most other enterprises, this service is normally provided by
 
the administrative and sales staffs of the companies. In Syria,
 
the regulation that a person may have an ownership interest in
 
only one common carrier vehicle precludes the formation of
 
private trucking companies, and it is not practical for the
 
operator of a single vehicle to maintain an administrative or
 
sales staff. The need for the CTO system would thus appear to
 
be primarily a result of the regulation restricting multiple
 
vehicle ownerships. This restriction also removes the possi
bility of attaining the benefits of economies of scale in the
 
trucking indistry. However, removal of the restriction would
 
probably result in the formation of relatively large trucking
 
companies, and while this would have a number of advantages,
 
including the attainment of economies of scale and the
 

iTruckers and Shippers Survey.
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provision of administrative and marketing services, there would
 
also be disadvantages. The drivers of the vehicles would be
 
less likely to have an ownership interest, and they would then
 
have considerably less incentive to attain high vehicle utili
zation and to drive in such a way that the vehicles could be
 
kept in relatively good condition. Further, larger private
 
companies with centralized ownership are less suited to the
 
economic philosophy of the Government.
 

The administrative and marketing functions are extremely impor
tant in the attainment of high vehicle utilization. In Syria,
 
these scrviccs are separated from the functions of vehicle
 
ownership and instead are carried out, at least partly, by the
 
CTOs. The CTOs themselves do not benefit from high vehicle
 
utilization and thus have little incentive to attempt to
 
achieve this objective. While the CTOs do not appear to be a
 
major obstacle to higher vehicle utilization, it is possible
 
that. their functions could he carried out more efficiently by
 
the truck operators themselves. In Egypt, where there is a mix
 
of individual truck operators, private trucking companies,
 
Government-owned common carrier trucking companies, private
sector coinpany trucking fleets, and cooperatives of individual
 
truck owners, the results of a recent study indicated that the
 
most efficient fcrm of organization was private owners orga
nized into cooperatives. 2 This system provides the incen
tives which go with private ownership, the benefits of wide
spread ownership of the fleet, and the economies of scale in
 
administration, marketing, financing, purchasing, and main
tenance which accompany a larger organization. With this form
 
of organization, the functions of the CTOs would be carried out
 
by the cooperatives themselves, and if desired, the personnel
 
of the CTOs could become part of the administrative and other
 
staff of the cooperatives.
 

For this or any other scheme of cargo allocation to work effec
tively, it will be necessary to make the tariffs paid by
 
public-sector companies the same as those paid by private com
panies, in fact as well as in law. The regulated tariffs paid
 
by the public-sector companies are below the costs of truck
 
operation, especially in view of the low truck utilization
 
(which itself is partly attributable to the practices of the
 
public-sector companies). Since truckers are obligated to carry
 
public-sector cargoes, they must charge considerably higher
 
tariffs on the private cargoes, well above costs, in order to
 
break even. This in effect results in a hidden subsidy of the
 

2 Egypt National Transport Study, Interim Report, 1977, Volume
 
II, Chapter IV, Louis Berger International Inc., in association
 
with Dorsch Consult.
 

4-12
 



public-sector companies by the private companies, which would
 
tend to distort the relative economies of the two types of
 

companies and also distort the allocation of cargo among the
 
different modes of transportation, especially between road and
 
rail.
 

Other alternatives for modifying the system could include
 
elimination of the regulation restricting truck ownership,
 
direct Government operation cf the CTOs, or direct Government
 
operation of all or part of the trucking fleet. These, along
 
with the formation of cooperacves, should be studied in more
 
detail in a separate, extenbi.e study of the whole highway
 
transport industry. In the meantime, a brief study of the most
 
efficient communication systems to meet the needs of the CTOs
 
could be carried out and steps then taken to provide the
 
required communication facilities.

3
 

Conclusion
 

The operation of the Cargo Transport Offices is only one aspect
 
of the truck transport situation in Syria. The major problem,
 
which is one of unusually low vehicle utilization, involves a
 
number of factors, including: tariff differentials between
 
public and private cargo; the low level of the regulated tar
iffs; the inconsistencies between the road and rail tariff
 
structure; the large diesel-fuel subsidy for highway transport;
 
the inefficient loading and unloading systems in use; the early
 
closing hours and other practices of the public-sector and some
 
private-sector companies; and the inadequate condition of the
 
roads in some cases.
 

Trucks account for more than 90 percent of total cargo trans
portation in Syria (excluding petroleum products and crude
 
oil). Their utilization is very low, which results in unneces

sarily high costs of transportation.
 

Freight Tariff System - Vehicles Over 3.5 Tons
 

The tariff governing truck shipments for Government customers
 
is set by the Ministry of Supply and Interior Trade in con
sultation with truckers' representatives and the Ministry of
 
Transport. The Ministry of Supply and Internal Trade issued
 
Decision No. 1656, effective 1 October 1979, which amended
 

3The CTO in Tartous, one of the main ports of Syria, has no
 
means of communication other than by driving to a telephone or
 
to meetings.
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Mohafaza freight rates and certain 
The new tariff system is based on 
(i.e., it is a tapering system). 

cargo 
ton-ki

movement 
lometers 

regjulations. 
and distance 

Distance Rate Systems 

The simplest form of rate structure is one in which rates are
 
constructed on a distance scale. In the typical distance rate
 
system, the rates do not change with each additional kilometer
 
of distance. Instead, a distance "block system" is used, with
 
blocks varying in length.
 

Most distance rates are constructed on the tapering principle;
 
that is, the rates increase with distance but not as rapidly as
 
distance increases. In other words, although the total rate is
 
greater for longer rather than for shorter distances, the rate
 
per kilometer is actually less for the longer distance.
 

Thert are several reasons for not making freight rates increase
 
in exact proportion to distance. In the first place, terminal
 
costs are the same regardless of the length of the haul. The
 
longer the haul, the greater the distance over which the con
stant terminal cost can be spread. The second reason is that
 
even the line-haul or conveyance cost is relatively lower for
 
the longer hauls. A third reason is to prevent the rates from
 
restricting the movement of long-distance traffic. If the rates
 

so
increased in proportion to distance, they would soon become 

high as to prevent the movement of traffic.
 

Advantages of Distance Rates
 

Rates constructed in accordance with the distance principle
 
have the following advantages over other rates:
 

- They conform to the cost of service principle, because
 
costs of transportation generally increase with distance.
 

- They tend to stabilize the rate structure. If rates are
 
to be adjusted according to commercial and competitive condi
tions, manufacturers and dealers can never know when the rate
 
system will be disturbed because of changed conditions. Rates
 
constructed on the distance principle have a more permanent
 
basis.
 

- They discourage wasteful transportation. Rates levied 
in theaccording to distance give an advantage to a producer 


surrounding area. On the other hand, rates that are the same,
 
without regard to distance, lead to the invasion of one's
 
natural markets by outside producers and allow the local
 
producer to invade the markets of his rivals. This leads to
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1n enormous Amount of cross-haul ing and the carrying of goods 
for unnecessarily long distances. Rates constructed in accord
ance with the distance principle tend to prevent this economic 
waste.
 

Disadvantages of Distance Rates
 

Some of the disadvantages of the distance rate system are as 
follows: 

- It limits the ability of producers seeking to sell 
goods in distant markets and thus reduces the amount of 
competition in the production or sale of goods. 

- It disregards the conditions of demand. Distance rates 

are justified largely on a cost of service basis, but it is
 

proper to adjust rates according to conditions of demand.
 

Tarift structure
 

The following is the new tariff structure, Decision No. 1656,
 
which applies to all types and classifications of cargo vehi
cles (over 3,500 kilograms) on paved roads:
 

Incremental Rate,
 
Distance, Kms Piasters per Ton-km
 

1 - 50 17.0
 
51 - 100 14.5
 

101 - 200 9.0 
201 - over 7.5
 

Road freight rates are approximately 14 piasters per ton
kilometer. Thirty percent is added to the applicable tariff for
 
cargo carriers on earth roads, and 35 percent is added to the
 
tariff if a truck returns empty. This rate applies irrespective
 
of road surface type.
 

Loading, Unloading, and Stacking Charges
 

These charges are borne by the cargo owner (shipper). 1, sum of 
SP 5.00 will be added to the tariff for each hour of loading/
 

unloading if the distance is 50 kilometers or less, provided
 
the operation period does not exceed four hours (maximum).
 

Special Commodities
 

Special commodities, such as cotton and tea, go by volume
 
instead of weight; thus, the frcight rate is based on the
 
loading capacity of the vehicle. Under Decision No. 1656, the
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freight rate for special commodities is based on the following
 
allowances:
 

2-axle truck - 13.0 tons
 
3-axle truck - 19.5 tons
 
Combination truck - 26.0 tons
 

Short Haul Movements
 

The following basic freight rates apply for short haul
 
movements:
 

Distance, Kms Average Rate, SP per Ton
 

0 - 1 5.89
 
1 - 5 7.58
 
5 - 15 8.66
 

16 - 25 9.38
 

These rates are based on a ton basis and increase with distance
 
(see Figure 4.2). The road freight costs are approximately
 
47 piasters per ton-kilometer for short distances.
 

Freight Rates for Vehicles Less than 3.5 Tons
 

The light pickup truck helongs to this category and the rates
 
below are for this type of commercial vehicle.
 

The Mohafaza rate system for distances up to 50 kilometers is
 
as follows:
 

Incremental Rate, 
Distance, Kms Piasters per Ton-km 

1 - 10 28.0 
11 - 50 17.0 

Therefore, for distances of 50 kilometers within the Mohafaza
 
borders, the average transportation cost is 19 piasters per
 
ton-kilometer.
 

For more than 50 kilometers, the same freight rates apply as
 
for the heavy trucks of more than 3.5 tons, i.e., 14 piasters
 
per ton-kilometer.
 

All other stipulations and charges as specified in Decision No.
 
1656 apply for the pickup light truck as well.
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Figure 4.2
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4.2 VEHICLE FLEET
 

There are two basic factors that must be taken into considera
tion in estimating vehicle fleet size. First is the annual
 
import of vehicles, since no domestic production is expected 
for at least another 10 years. Second is the average lifetime 
of vehicles. 

This analysis addresses the total vehicle fleet over a 15-year
 
period, 1963-1978. In addition, the vehicle fleet registered in
 
each Mohafaza is analyzed for the period 1973-1978.
 

Present Vehicle Types in Syria
 

Based on registration data, as well as previous feasibility
 
studies performed by other consultants, there are eight basic
 
types currently in use on Syria's highways. A brief description
 
of these eight types of vehicle and a discussion of their
 
significance follows.
 

- Motorcycles and Tricycles: There are relatively few
 
motorcycles in Syria. In 1978 there were 29,800 (about 14 per
cent of the total number of the motor vehicle fleet). Tricycles
 
or three-wheeled vehicles generally have a steering apparatus
 
and an engine in the configuration of a motorcycle with a
 
covered section at the rear for transport of goods or passen
gers. These vehicles are not suitable for long distance trips
 
at high speeds. In 1978 there were approximately 2,600 tri
cycles (about 1.8 percent of the total motor vehicle fleet in
 
the country or 9 percent of the total number of motorcycles).
 

The unit operating cost of motorcycles and three-wheeled
 
vehicles is relatively low, and they will not be included in
 
the analyses, except for classification counts.
 

- Farm Tractors: Farm tractors are used for agricultural 
purposes although their presence on the highways is responsible
 
for a large number of traffic accidents. Farm tractors are
 
omitted from the operating cost analyses, but they will appear
 
in the classification counts.
 

- Automobiles and Taxis: In 1978 automobiles maA;. up 
about 40 percent of the total fleet (taxis - 11 percent, 
private cars - 29 percent). Sedans (other than taxis) are 
predominantly of the small European type. Land rovers, jeeps, 
and station wagons are also part of the fleet. Most of the 
taxis are European-made and are several years old. 
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- Buses: Buses are classified as either microbuses or 
large buses, which have more than 40 seats. Microbuses have a
 
seating capacity of 20 to 22 passengers and are generally

engaged in shorter trips than the larger buses. The most common
 
type of large bus is the Mercedes-Benz 0-302; the most common
 
type of microbus is the Fiat "OM" chassis with a locally pro
duced body. The percentage of buses in the vehicle fleet in
 
1978 was 5 percent (large buses  2 percent, microbuses 
3 percent).
 

- Trucks: Trucks are primarily 2-axle vehicles with six 
tires or 3-axle vehicles with 10 tires and are used for either
 
construction 
work or for general cargo movement. In addition,
 
single unit tanker 
trucks carry liquid commodities such as
 
petroleum products and water. These 
Government vehicles nor
mally have four tires on the 2-axle trucks or six tires on the
 
3-axle trucks.
 

In 1978 trucks with two, three, or more axles made 
up 18 per
cent of the 
vehicle fleet. This percentage includes combination
 
vehicles and tankers of either two or three axles. 
Tankers
 
totalled 1.2 percent of the total motor 
vehicle fleet and 6.7
 
percent of all trucks in 1978.
 

- Pickup light trucks: These are various types of pick
ups, ranging in capacity from 1/4 to 1-1/2 tons. Vans are 
generally of the closed delivery type and are classified in the
 
pickup light truck category.
 

In 1978 pickup trucks made up 34 percent of the motor vehicle
 
fleet. The ratio of 
pickup to trucks was 1.9 in favor of the
 
pickups or 65 percent of all trucks.
 

Present Vehicle Fleet
 

Registration
 

Vehicle registration records for the entire country are 
kept by

the Damascus Motor Vehicle Department. Vehicle information is
 
recorded on forms that require information concerning the vehi
cle and owner. It is compulsory to register ownership changes

when the vehicle is sold, and transfers from one Mohafaza to
 
another must be registered. No scrapping rates exist; thus, the
 
registrations do 
not show annual cancellations or withdrawals.
 
Under these circumstances, the registered vehicle 
fleet does
 
not realistically reflect the vehicles 
on the road. Because the
 
1979 registrations are not available, the analyses 
are complete
 
only through 1978.
 

Development of the Vehicle Fleet
 

Vehicle registrations have been compiled for the period 1963
 
through 1978. Table 4.2 
shows the vehicle registrations by
 

4-19
 



Table 4.2
 

VILLCE REGISTRATIONS BY VEHICLE TYPE AND CATEGORY. 1963 TO 1978
 

Vehicle Type/Year 1963 1964 1965 1966 1967 1968 1969 1970
 

Passenqer Car1 22,717 26,535 26,765 26,196 28,099 21,694 22,381 23,705
 
Taxi - - - - - 5,698 5,789 6,356 
Bus 2 1,849 1,676 1,609 1,613 1,406 1,557 1,688 1,760
 
Pickup 1,474 1,477 3,992 4,734 4,754 3,711 4,380 4,591
 
Land Rover 378 384 472 
 471 465 467 479 469 
Truck 3 10,688 10,550 8,097 7,241 8,923 8,401 9,437 10,595 
Tanker 4 616 675 624 764 705 929 963 1,146 
Temporary Entrance - - - 1,206 1,612 966 

Total 37,722 41,297 41,559 41,019 44,352 43,663 46,729 49,588 

Vehicle Type/Year 1971 1972 1973 1974 1975 1976 1977 1978
 

Passenger Car1 23,754 23,194 25,723 27,208 38,107 49,971 56,107 47,447
 
o Taxi 6,612 7,282 8,465 9,519 11,567 12,256 12,437 17,525 

2
Bus 1,605 2,200 2,525 2,826 4,192 5,631 6,829 7,423
 
Pickup 4,330 4,545 5,388 5,085 9,006 25,027 34,523 54,900
 
Land Rover 507 514 553 551 570 533 540 545
 
Truck3 11,095 12,176 13,248 13,622 19,184 23,471 31,522 26,717
 
Tanker 4 1,106 1,141 1,201 1,535 2,018 1,743 1,984 1,943
 
Temporary Entrance 1,912- 2,815 3,086 3,023 4,293 5,408 6,369 5,416
 

Total 50,921 53,867 60,189 63,369 88,942 124,040 150,311 161,916
 

Sources: Central Bureau of Statistics, 1963-1978, and Motor Vehicle Department, Damascus.
 

1 Includes jeeps.
 

2 Microbuses included.
 

2, 
3 and more axle trucks included.
 

Includes all types of vehicles.
 



vehicle type and category. This table shows the predominance of
private cars in the registered fleet. The pickup truck shows
considerable increase over all registered vehicles. 
a
 

Figures 4.3 and 4.4 graphically present vehicle growth by type
 
and category for the period 1963-1978.
 

Vehicle Imports
 

Unfortunately, 
there is no 
statistical 
information 
on
vehicle imports total
into Syria. However, the Consultants have been
able to obtain vehicle import data by vehicle type and category
for the period 1975-1978 for vehicles entering through the Port
of Tartous. These data 
are not complete because 
vehicles are
also imported by land 
as well as through Lattakia Port. The import statistics record value and total weight only.
 

Light and Heavy Vehicle Distribution
 

Figure 4.5 shows the 
total fleet 
and the light and heavy
vehicle distribution for the 15-year period 1963-1978. The predominance of light vehicles 
over heavy vehicles is evident
throughout the period. The ratio of light to heavy vehicles was
1.9:1 in 1963 and it had risen to 3.5:1 in 1978. 
In intervening
years the rate was never less than 2.1:1.
 

Growth of the Vehicle Fleet
 

General
 

Motor vehicle registrations 
in Syria have increased 
at an
annual average rate of nearly 10.2 percent for the period 19631978. Much 
of this growth, however, has occurred over 
the last
four years. Prior to the 1973 war, the Government had held down
the growth rate of imports to about 5 percent per year because
of foreign exchange and also 
because of the emphasis placed
upon developing the railways. After the 1973 war, import quotas
were discontinued as 
a result of increased earnings from higher
oil prices and an influx of foreign capital. The response to
the ending of the quotas was an 
immediate and vigorous growth.
In the four-year 
period 1970-1974, 
the entire 
fleet almost

doubled.
 

Growth Rates
 

Table 4.3 presents

for all 

the average annual percentage growth rate
vehicle types a
for period

respectively. Average annual 

of 15, 10, and 5 years,

percentage growth rates 
for light
and heavy vehicles are also indicated.
 

For the 15 -year period, the total fleet's growth was 10.21 percent. For the 10--year period, 
the overall average
centage growth r.ite annual perwas 14.03 percent. For both periods, pickup
trucks show the highest growth 
rate followed by commercial

trucks in general.
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Figure 4.4 
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Figure 4.5 
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Table 4. 3 

VEHICLE REGISTRATION GROWTH RATE PERCENTAGE 1963-1978
 

BY VEHICLE TYPE AND CATEGOPY 

Growth R{ate Percentage 

V.hjcle Type 	 1963-197H 1968-1978 1973-1978
 

Passenqer Cars 
 5.03 8.14 13.03
 

Taxis 
 - 11.89 	 15.67
 
2 

Buseq 9.71 16.90 24.07
 

Pickups 27.27 30.92 
 59.08
 

Land Rovurs 2.47 1.56 
 0.29
 

Trucks 6.30 12.27 15.06
 

Tankers 
 7.96 	 7.66 10.10 

Tem 	orary Entrance
 
Vehiclus 
 - 16.21 11.91 

Total Fleot 10.21 14.03 21.93 

Liqht Vehicles 11.52 14.43 23.89 

Heavy Vehicles 6.96 10.62 16.28 

Source: Table 4.2. 

Includes Land Rovers and Jeeps.
 

Includes microbuses.
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For the 
five-year period 1973-1978, the overall average annual
percentage growth rate 
was 
nearly 22 percent. The pickup light
truck again presents the highest growth 
rates, followed by
buses and heavy trucks. The passenger car growth rate 
is almost
double 
 for the five-year period, compared to 15-
the and
10-year period growth rates.
 

Fuel Consumption
 

A review of vehicle fuel consumption is additional
an 
 indication of the number and kinds of 
vehicles in operation in the
country. Table 
4.4 shows the consumption of 
motor gasoline and
diesel oil 
for the years 1973 
to 1977 and the annual percentage

growth rate for gasoline and diesel.
 

Table 4.4
 

DOMESTIC CONSUMPTION OF MOTOR FUEL, 1973-1977
 
(1,000 Metric Tons)
 

Product 1973 1974 Annual %
1975 1976 
 1977 Growth Rate
 

Gasoline 281 332 
 399 456 
 482 14.4
 

Diesel 1,253 
 1,563 1,758 1,944 1,981 
 12.1
 

Source: 
 SADCOP, Damascus.
 

The domestic consumption figures 
fit closely with 
the present
estimates 
of the 1977 vehicle 
fleet size and composition,
assuming an 
average consumption 
for light vehicles, operating
on all 
types of roads an average 
of 25,000 kilometers/year 
on
0.25 liters/kilometer. Heavy vehicles 
are assumed to consume an
average of 
0.34 liters/kilometer at 
an average of 65,000 kilometers/year. These 
calculations 
cover 98 percent of motor
gasoline consumption and 40 
percent of diesel consumption. The
figure of 40 percent for 
the diesel 
is somewhat low. However,
the consumption 
of diesel for agricultural purposes, building
heat, generators, 
and military vehicles must 
be considered.
Figure 4.6 graphically presents 
the vehicle fleet and 
fuel
sales for 
the period 1973-1977.
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Figure 4.6 

VEHICLE FLEET AND FUEL SALES
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Present Fleet by Region
 

General
 

The geographical distribution of the present fleet in numbers
 
of vehicles and percentage distribution, by Mohafaza, is shown
 
in Table 4.5. Figure 4.7 depicts total Mohafaza vehicle regis
trations, with and without the motorcycles and tricycles, for
 
the period 1972-1978. The percentage distributions by Mohafaza
 
are depicted in Figures 4.8 and 4.9.
 

Regional Distribution Patterns
 

The Consultants have prepared a detailed analysis of vehicle
 
registrations, by year and by type of vehicle, for each
 
Mohafaza for the period 1972-1978. These data were used in the
 
Trip Generation Model of the SYRTRANS transport planning system
 
during Phase II. The detailed data are available in the
 
Consultants' offices. Table 4.5, which summarizes the percent
age distribution of vehicle registrations by Mohafaza in 1978, 
was derived from these data. Significant data to be noted 
follow. 

Damascus: This Mohafaza, the center of the country's economic
 
activity, employment opportunity, and consequently, higher per
 
capita income, has:
 

- 49 percent of the total registered vehicles in Syria,
 
- 23 percent of the country's taxi fleet, 

- 54 percent of the total bus fleet in Syria, 
- 43 percent of all pickups and trucks in Syria, 
- 48 percent of the total number of motorcycles, 
- 52 percent of the total tanker fleet in Syria. 

The fact that 41 percent of the commercial truck fleet is
 
registered in Damascus Mohafaza indicates that Damascus is also
 
the main distribution point and most likely the highest con
sumption center in Syria.
 

The predominance of the Damascus Mohafaza (including the metro
politan area) is apparent. Almost 50 percent of the total vehi
cle fleet is registered in this area, with the Aleppo Mohafaza
 
having the second highest percentage of the fleet. The percent
age of distribution pattern of other Mohafazat has not changed
 
except for Aleppo, where its share declined.
 

Aleppo: The Aleppo Mohafaza ranks the second highest with about
 
17 percent of the total registered motor vehicles. It is
 
obvious that a polarization exists between Damascus and Aleppo,
 
although with a large difference in vehicle population.
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Table 4.5
 

MOHAFAZAT VEHICLE REGIS2RATIONS, 1972-1978
 

Number of Vehicles in (000)
 

1972 1973 1974 1975 1976 1977 1978
 

Damascus 27.7 30.7 33.7 47.0 65.0 77.0 79.3 
Horns 4.7 5.7 5.8 8.4 11.0 12.4 13.7 
Hama 3.0 3.5 2.7 4.8 6.7 8.7 10.5 
Tartous 0.5 0.6 0.9 2.3 3.0 5.2 5.3 
iattakia 3.5 3.7 3.2 4.3 6.0 7.5 8.2 
Ilt, b 0.4 0.4 0.5 1.2 1.9 3.2 4.1 
Aleppo 10.9 12.1 13.1 15.7 22.1 25.8 28.2 
AI Raqi a 0.3 0.4 0.4 0.6 1.9 2.7 3.1 
Al Hdssakeh 1.9 2.0 1.9 2.4 4.1 5.3 5.8 
Deir Ez Zor 1.0 1.1 1.1 2.2 2.4 3.0 3.4 

Total 53.9 60 .2 63.3 88.9 124.1 150.8 161 .6
 

Percentage Distribution
 

1972 1973 1974 1975 1976 1977
 

Damascus 51 51 53 53 52 51 49
 
Horns 8 9 9 9 9 R 9
 
Hama 6 6 4 5 5 6 6
 
rartous 1 1 1 3 2 3 3
 
Lattakia 6 6 5 5 5 5 5
 
Idleb 1 1 1 1 2 2 3
 
Alep o 20 20 21 18 18 17 17
 
Al Raqqa 1 1 1 1 1 2 2
 
Al Hassakeh 4 3 3 3 3 4 4
 
Deir Ez Zoz 2 2 2 3 2 2 2
 

Total 100 100 100 100 100 100 100
 

Source: Central Bureau of Statistics 13 a;istical Abstracts.
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Homs and llama: Homs and llama Mohafazat have the third or 
fourth
highest percentage of vehicles in Syria, indicative 
of their
agricultural importance. 
Almost 30 percent of the registered
vehicles in Homs are passenger cars and 36 percent 
are trucks.
 
Almost 16 percent of 
the 1978 fleet consisted of trucks, followed 
by pickups (59 percent) and passenger cars (14 percent).

The pickup light truck consisted of about 60 percent 
of the
total registered fleet. Table 
4.6 shows the Mohafaza light and

heavy vehicle percentages and ratios for the year 1978.
 

Vehicle Densities
 

General
 

It has been estimated that in 1978 
Syria possessed a passenger

car 
fleet of about 47,992 vehicles, or approximately six 
vehicles per 1,000 inhabitants. The transport vehicle fleet of 1978

(54,900 pickups, 27,046 trucks, 
and 1,943 tankers) corresponds

to 10 vehicles per 1,000 inhabitants. The bus fleet 
(7,423) in
1978 corresponds to 0.90 per 1,000 
inhabitants. Taking into
consideration the 
entire vehicle fleet in 1978 excluding the
motorcycles and the temporary entrance vehicles 
(156,810) - the
corresponding amount is 
19 vehicles per 1,000 inhabitants.
 

Vehicle Denrsities
 

Vehicle densities are estimated for the various regions of 
the
 
country and are shown in 
Table 4.7.
 

Future Vehicle Fleet
 

The size of 
the future road vehicle fleet has been estimated by
means of the SYRTRANS computer model system. The model 
is outlined in Volume VII, Chapter 1. The model predicts vehicle
kilometers in future years 
for each of eight vehicle types and
then converts them into the required vehicle fleet 
by applying

forecasted vehicle utilization conditions.
 

An important indicator 
of vehicle utilization is the overall

load factor. For passenger vehicles no 
changes were assumed for

load factors from those at present. Demand for each 
of five
 passenger vehicle types was 
estimated individually. For freight

vehicles changes in shares of each of truck
three types and
improvement in load factors 
were forecast as shown in Tables
 
4.8 and 4.9.
 

Other important indicators of vehicle 
utilization are
annual kilometerage the
 
per vehicle and the vehicle scrapping


rates. For a given amount of total vehicle kilometers, these
two factors determine 
the necessary additional vehicle fleet.
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Table 4.6 

MOHAFAZAT LIGHT AND HEAVY VEHICLE PERCENTAGE AND RATIO. 1978
 

12 
2


Light Vehicle Heavy Vehicle

Light to Heavy 

% Vehicle RatioMohafazat No. % No. 

Damascus 62.9 79 16.6 21 3.8
 

Deir Ez Zor 2.5 73 0.9 27 2.8
 

1.5 	 2.8
Al Hassakah 	 4.2 74 26 


2,5 83 0.5 17 5.0
Al Raqqa 


6.4 	 3.4
Aleppo 21.7 77 	 23 


Idled 	 3 .5 87 0.5 13 7 .0 

1.5 	 4.2
Lattakia 	 6.7 82 18 


0.7 	 5.2
Tartous 	 4.5 86 14 


Hama 	 8.4 80 2.0 20 1.4
 

Horns 	 8.5 57 6.3 43 1.3 

Country 125.4 77 36.9 23 	 3.4
 

Source: From all compiled Mohafaza tables.
 

Note: Excludes motorcycles but includes temporary entrance
 

are all assumed to be light vehicles.
vehicles, which 


1 Includes passenger car, taxi, pickup, Land Rover and temporary
 

,-nLrance velhicles. 

2 includes bus, truck, and tanker. 
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Table 4.7 

ESTIMATED VEHICLE DENSITIES PER 1.000 INHABITANTS 

Passenger All
 
Mohafaza Car Truck
Bus Vehicles
 

Damascus 14.0 14.0
1.6 32.0
 

Aleppo 1.8 0.8 7.9 
 16.0
 

Homs 
 5.1 0.7 12.3 20.0
 

Hama 2.2 0.4 11.4 12.0
 

Tartous 3.4 6.8
0.4 13.0
 

Lattakia 5.1 
 0.3 5.7 16.0
 

Idleb 0.7 0.3 6.5 8.0
 

Al Raqqa 0.6 0.5 6.3 10.0
 

Al 1iassakah 0.9 0.2 H.0 10.0 

Deir Ez Zor 0.8 0.4 
 7.0 9.5
 

Country 5.7 0.90 10.1 19.5
 

Source: All compiled Mohafaza tables.
 

Notes: Passenger cars include Land Rovers. Buses include
 
microbuses. Trucks fnclude tankers and pickups. All vehicles
 
exclude motorcycles, tricycles and temporary entrance vehicles,
 
and include taxis.
 

As noted in the above tabulation, the regional distribution of 
vehicles aind ownership levels are very uneven, ranging from 
' to 3 pr thousand persons in the south, to 32 in Damascus, 
and - to 10 in the northeast. Th. iverage for Syria in 1978 
was 14.5 vchicles per 1,000 inhabitants. 
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Table 4.8
 

PROJECTED GOODS TRANSPORT VEHICLE SHARES AND
 
OVERALL LOADING FOR 1985
 

Vehicle Types
 

Pickup 	 2 Axle 3 Axle Combination
 
Trucks Trucks Trucks
 

I. Distribution of Commodity Tonnage by Vehicle Type (in percent)
 

Commodity 	Group
 

Bulk 0.9 34.2 12.1 52.8
 
Intermediate 4.5 33.8 24.4 37.3
 
High Value 4.5 22.1 20.9 52.5
 

II. Overall Average Loading Vehcile (in tons)
 

Commodity 	Group
 

Bulk 0.92 4.35 10.1 12.9
 
Intermediate 1.18 3.38 11.4 10.7
 
High Value 0.76 2.58 6.2 8.0
 

Table 4.9
 

PROJECTED 	GOODS TRANSPORT VEHICLE SHARES AND
 

OVERALL LOADING FOR 2000
 

Vehicle Types
 
Pickup 2 Axle 3 Axle Combination
 

Trucks Trucks Trucks
 

I. Distribution of Commodity Tonz.age by Vehicle Type (in percent)
 

Commodity 	Group
 

Bulk 1.0 27.0 25.0 57.0 
Intermediate 4.0 27.0 29.0 40.0 
High Value 4.0 19.0 23.0 54.0 

II. Overall Average Loading per Vahicle ( in tons) 

Commodity 	Group
 

Bulk 0.92 4.35 10.1 13.1
 
Intermediate 1.18 3.38 11.4 10.9
 
High Value 0.76 2.58 6.2 8.2
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Table 4.10 
summarizes 
the annual kilometerage per vehicle. It
should be noted that annual per vehicle kilometerage figures
shown in this 
table are 
only applicable to interzonal trips and
are not total kilometerages 
of vehicles in a 
year. Passenger
cars 
and pickups, theretore, show 
low kilometerage since
are primarily used within urban areas or 
they


in short distances. As
the urbanization- proceeds and 
the car ownership increases, the
average 
annual kilometerage 
of passenger cars used crossing
Mantika borders 
would become 
even less. 
On the other hand,
annual kilometerages of 
goods transport vehicles would 
increase
as the efficiency 
of trucking operations improves from
present low 
level. As shown in Table 4.10, 
the
 

the Consultants'
estimates 
of future per vehicle annual kilometerages reflect

such considerations.
 

Table 4.1.0 
also shows vehicle scrapping rates. The 1979 rates
were 
reduced by up to 1 percent on the basis of 
import restrictionf, and resultant longer average vehicle life.
 

The required vehicle 
fleet for the period of 1981 to 1985 is
shown in Table 
4.11. To 
satisfy the demand, 
the total vehicle
fleet has to 
grow at a rate of 
4 percent a year. Passenger cars
and tre taxi fleet would grow at a 
rate double that of 
the
total fleet 
average, whereas the 
microbus 
fleet may decrease
because more efficient regular 
buses would be brought in
replace microbuses as passenger 
to
 

demand increases.
larger, more efficient A shift to
trucks 
from inefficient 
2-axle trucks

would take place.
 

The number of additional vehicles needed to 
realize such
expansion is shown fleet
in Table 4.12. Over the five-year period,
90,000 additional vehicles would be needed costing 8 billion SP
in foreign excharge. 

Six alternative scenarios have 
been considered 
for the period
1986-2000. Alternative scenarios are 
combinations 
of passenger
transport pricing alternatives; commodity modal 
split alternatives; 
 rail infrastructure 
 alternatives; 
 and road infrastructure 
alternatives. 
A discussion 
of these alternatives 
is
presented in Chapter 4, Section 4.4, 
of Volume VII.
 

Alternative infrastructure investments would not have 
a significant impact on the future 
road vehicle 
fleet. Alternative
policies affecting demand level and modal split, however, would
make a considerable 
difference. 
On the grounds of minimizing
total economic transport costs the 
Consultants recommend, 
as
detailed in Chapter 4, 
Section 4.4, of Volume
Government initiate policies 
VII, that the


aimed at a higher share for 
the

railways.
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Table 4.10 

VEHICLE FLEET FACTORS
 

Vehicle Types
 

Pass. Taxi Pickup Micro Reg. 2 Axle 3 Axle Comb. 

Car Bus Bus Truck Truck Truck 

1979 Vehicle Fleet
 

in COO's 54.9 20.9 81.3 3.8 4.8 25.1 2.5 3.4
 

1979 Interzonal 

Vehicle-kilometers
 
in millions 545.4 518.1 287.5 270.1 142.1 531.6 100.2 229.8
 

1979 Annual Interzonal 
Trip km per vehicle 
in kilometers 9935 24973 3540 71080 29596 21179 40078 67578 

Projected Annual Interzonal
 
Trip km per vehicle 
1985 9370 25000 3540 71000 30000 23000 44000 70000
 

2C00 8100 25000 3540 71000 30000 26000 490.00 72000
 

Scrappage Rate
 

in percent 6.0 3.5 2.4 4.5 4.5 5.0 5.0 5.0
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Table 4. 11 

ROAD VEHICLE FLEET REQUIREMENTS 1981-1985
 

(in thousands)
 

Year 	 Pass- Taxi Pickup Micro Bus 2 Axle 3 Axle Combin- Total
 
enger Truck Bus Truck 
 Truck ation
 
Car 
 Vehicle
 

1981 63.1 24.5 82.8 3.6 5.0 26.4 2.8 3.6 211.9 

1982 67.6 26.5 83.7 3.5 5.1 27.1 2.9 3.8 220.2 

1983 72.5 28.6 84.5 3.4 
 5.3 27.8 3.1 3.9 229.2 

Y?84 77.7 31.0 85.4 3.3 5.4 28.6 3.2 4.1 238.7
 

1985 83.3 33.5 86.2 3.3 5.6 29.3 3.4 4.2 248.8 

,.aiual 	 Growth Rate in Percent Over Period 1979-1985 

7.2 	 8.2 1.0 -2.3 3.0 2.6 5.3 3.6 4.0 

Table 4.12 

REQUIRED ADDITIONAL VEHICLES 1981-1985
 

(in thousands)
 

Year Fass- Taxi Pickup Micro Bus 2 Axle 3 Axle Combin- Total 
enger Truck Bus Truck Truck ation 

- Ca___.r Vehicle
 

1)S1 7.8 2.4 2.8 0.07 0.35 2.0 0.27 0.30 16.1 

1 82 ,8.3 2.6 2.8 0.07 0.36 2.0 0.28 0.31 17.0 

1983 8.9 2.9 2.8 0.07 0.37 	 2.1 0.30 0.33 18.0 

1964 9.6 3.4 2.9 0.07 0.38 2.1 0.31 0.34 19.0 

1985 10.3 3.6 2.9 0.07 0.39 2.2 0.33 0.35 20.1 

Total 44.9 14.9 14.2 0.35 1.85 10.4 1.49 1.65 90.2 
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Table 4.13 shows the future vehicle fleet under such policies.
 
As the general level of individual wealth increases the pas
senger car fleet is expected to increase at a high rate, as in
 
the past. A gradual shift from microbuses to regular buses and
 
front 2-axle trucks to larger trucks is also expected, due to
 

the higher efficiency of the latter. The growth rate of the
 
total vehicle fleet is 4 percent per annum for 1980-1990 and
 
6.1 percent per annum for 1990-2000. This accelerating vehicle
 
fleet expansion is due to th, fact that at present Syria's
 
motorization is still at a very low level. It is expected that
 
Syria will follow the now universal characteristics of acceler
ating motorization experienced in countries that fall in the
 
category of medium per capita income.
 

Table 4.13
 

VEHICLE FLEET 1979, 19R5, 2000
 

(in thousands)
 

Pas- Combi

senger Pickup Micro- 2-Axle 3-Axle nation
 

Year Car Taxi Truck Bus Bus Truck Truck Vehicle Total
 

1979 54.9 20.9 81.3 3.8 4.8 25.1 2.5 3.4 196.5
 

1985 83.3 33.5 86.2 3.3 5.6 29.3 3.4 4.2 248.8
 

2000 319.9 33.2 192.4 3.2 15.7 32.1 5.6 6.9 609.0
 

It should be emphasized that motor vehicle fleet investments
 
are susceptible to changes in the import of passenger cars and
 
taxis. As Table 4.12 indicates, they constitute 66 percent of
 
vehicle fleet investments, with passenger cars alone accounting
 
for 50 percent of total investments. (This is discussed further
 
in Section 7.6 below.)
 

The Consultants' vehicle fleet estimates for automobiles are
 
based on fulfilling expected demand. The Government could
 
reduce the foreign exchange costs by restricting the importa
tion of automobiles, only partially offsetting investments in
 
the buses required.
 

A detailed study of the road transport industry is recommended
 
in Section 4.1 above. This separate study is necessary because
 
the level of analysis required is beyond the scope of a compre
hensive study and because required data that are not now avail
able will have to be collected. In view of the magnitude and
 

foreign exchange cost of potential vehicle fleet investments
 
the study should explore policy alternatives to improve vehicle
 
utilization and reduce imports. Measures to be analyzed would
 
include tax, price, and tariff charges, and improved supplies
 
of spare parts, among others.
 

The Goverment could use the SYTRANS model to test the effects
 
of policy measures and the limitation of passenger car imports,
 
once the requisite data were available.
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Chapter 5
 

TRAFFIC SURVEYS
 

5.1 ORIGIN AND DESTINATION (0 & D) SURVEYS
 

Objectives
 

Highway facility design, performance standards, and benefit
cost relationships are affected not 
only by the volume of 
movement, but also by the particular movement pattern. Origin
destination (0 & D) information, when added to volume data,
permits a more precise picture of the traffic situation. 0 & D 
data are essential for determining the particular route arid 
paths of travel, and in assessing the cost and value of travel. 

The Consultants have conducted 0 & D surveys for two main
 
purposes:
 

- to determine the pe:cent traffic desire lines and to
 
enable an assessment of the traffic volume that would be
 
diverted to new or improved highways or to other modes,
 

- to separate traffic into andthe local long distance
 
traffic, and to establish the 0 & D patterns.
 

Survey Design
 

The Consultants assembled a considerable number of past studies
 
concerning road traffic 
in Syria. After the careful examination
 
of available data, the Consultants found them inadequate for
 
the objectives of this study. The Consultants carried out a
 
nationwide origin and destination survey during the period 19
 
June to 13 July 1979. The methodology used in that survey and
 
an analysis of the results are presented in Chapter 5, Section
 
5.1, of Volume IV of the Final Phase I Report.
 

The validity of a one-time survey, such as that carried out by

the Consultants, depends, in part, on the availability of prior
 
surveys or other data to adjust the 0 & D survey 
for such fac
tors as seasonality. Because such data 
were not available, the
 
Consultants conducted three additional analyses, which were 
used to adjust the 0 & D survey data for the final passenger

and commodity traffic forecasts. The three analyses were:
 

- an analysis of all 
intercity bus routes and frequencies

throughout Syria,
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- an analysis of data on the Cargo Transport Offices 
(CTO) for 1976 compiled by the Central Statistical Bureau, 

- a 5 percent sample survey of all truck trip tickets 
issued by the CTOs in 1979. 

The analyses of the CTO data are discussed in Section 5.3
 
below.
 

5.2 ROAD TRAFFIC COUNTING PROGRAM
 

Objectives
 

The Consultants conducted a continuous one-year nationwide
 
traffic counting program from 1 August 1979 to 31 July 1980.
 
The objectives of this program were as follows:
 

- to measure actual traffic volumes on the Syrian road 
network in order to provide a basis for the determination of 
the need and priority of its improvement and maintenance 
according to existing and expected future traffic, 

- to determine hourly, daily, and monthly traffic varia
tions and the hourly volumes for different classes of roads for
 
planning and design purposes,
 

- to calibrate the computerized traffic projection model
 
developed for the study and later use by the Government,
 

- to provide a basis for the continuing traffic counting
 
program recommendations that will be developed in Phase II.
 

A detailed description of the methodology used in the traffic
 
counting program was presented in Section 5.2 of Chapter 5 of
 
Volume IV of the Final Phase I Report. The results of the full
 
year's traffic counts were coded into the computer and were
 
used in the SYRTRANS model to prepare the final commodity and
 
passenger traffic forecasts.
 

5.3 CARGO TRANSPORT OFFICE SURVEYS
 

General
 

The Consultants made a 5 percent sample survey of all truck
 
trip tickets issued in 1979 by the Cargo Transport Offices
 
(CTO) throughout Syria. The purpose of the survey was to deter
mine total tonnage moved through the CTOs in 1979, monthly
 
variations by commodity type and commodities shipped by vehicle
 
type; and to adjust the Consultants' origin and destination
 
matrix at the Mantika level. In addition, statistics compiled
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by the Central Bureau of Statistics (CBS) on all 1976 CTO trip
 
tickets were analyzed, primarily to determine seasonal varia
tions in commodity flows.
 

The 1976 tabulations provided monthly data, by CTO, on 13 com
modity groups and 34 individual commodities. The 1979 sample
 
survey collected data on freight shipped through each CTO, by
 
month, by 15 commodity groups, by 49 individual commodities, by
 
Mohafaza, and by vehicle type.
 

Analysis of the 1976 Data
 

Table 5.3.1 presents the freight transported through the CTOs
 
in 1976 by 13 main commodity groups by month.
 

The most striking thing to be seen from Table 5.3.1 is the rel
ative stability of commodity movements through the CTOs. In
 
terms of total tonnage, the lowest month (July) was only
 
40 percent less than the peak in April. Ten of the 12 months
 
fall within a range of 8 to 9.8 percent of total annual ship-
ments, a difference for these 10 months of only 18 percent, or
 
76 thousand tons from the highest to he lowest month. In part,
 
this stability results from offsetting changes among commodity
 
groups. As can be seen from Table 5.3.1, however, the individ
ual commodity groups themselves are surprisingly stable. Even
 
farm products do not vary as much as one might expect.
 

Overall, 4.218 million metric tons were shipped through the
 
CTOs in 1976. The monthly distribution movement was high in
 
April and May and low in July and September. Consumer goods
 
accounted for 19 percent of the total movement (819,000 tons)
 
followed by manufactured construction materials (17 percent or
 
718,000 tons) and cement (16 percent or 670,000 tons). The high
 
monthly peaks for these three commodities were May, June, and
 
August for consumer goods; April, June, and December for manu
factured construction materials; and March and April for
 
cement. The low monthly movement in terms of tonnage for these
 
commodities was observed to be during t:he months of January,
 
February, and September for consumer goods; February, July, and
 
September for nanufactured construction material; and July and
 
August for cement
 
The high and low monthly movements of the remaining 10 commod

ity groups were:
 

Commodity High Low
 

Wheat August July
 
Cotton November September
 
Farm Products January July
 
Animals & Meat November June
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Manufactured Food March November 
Fertilizer April June 
Refined Petroleum August November 
Producers Goods May October 
Sand and Gravel May January 
Rail Construction Material September July 

Analysis of 1979 Survey Results
 

Table 5.3.2 presents the freight transported through the CTOs
 
in 1979 by 15 commodity groups by month.
 

During 1979 a total of 6.3 million metric tons were transported
 
through the CTOs. This represents a 49 percent increase over
 
1976 or an annual percentage growth rate of 14.16 percent.
 

If phosphate, which will be shipped by rail in the future, is
 
excluded, 1979 shows even less seasonal variation than 1976. In
 
terms of total tonnage, the variation from the highest month
 
(August) to the lowest month (April) is 184 thousand tons, or
 
30 percent. Nine of the 12 months have a variation of only
 
83 thousand tons, or 17 percent from highest to lowest. How
ever, as Figure 5.3.1 shows, the pattern by month is quite
 
different. June, July, and September, the lowest months in 1976
 
are all relatively high months in 1979. Agriculural commodi
ties appear to be an important factor, and the commodity groups
 
in 1979 show less stability than in 1976. A comparison of
 
Tables 5.3.1 and 5.3.2 indicates, as one would expect, that the
 
greater the disaggregation, the greater the seasonal variation.
 
This is clearly shown in the individual commodity tables the
 
Consultants derived for both 1976 and 1979.
 

In 1979, cement accounted for 1.2 million or 19 percent of the
 
total tonnage movements, followed by manufactured construction
 
materials (985,000 tons or 16 percent) and consumer goods
 
(702,000 tons or 11 percent).
 

The highest cement movement occurred in the months of March and
 
July. The lowest movement was recorded in the months of April
 
and October. The movement of manufactured construction material
 
was almost evenly distributed throughout the year, with the
 
exception of July and August, which were the peak m)nths. Con
sumer goods movement generally presented an increasing distri
bution over the year with a peak during the month of November.
 

An analysis of commodities transported by Mohafaza shows a wide
 
variation among them. Because of their ports, Tartous and
 
Lattakia dominated with 26.3 percent and 20.0 percent, respec
tively. At the bottom end of the -cale are Al Raqqa (0.7 per
cent), Al Hassakeh (3.9 percent), and Deir Ez Zor (4.0 per
cent). Because it is a destination more than an origin,
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Table 5.3.1 
FREIGHT TRANSPORTED THROUGH CARGO TRANSPORT OFFICES IN 1976 BY COMMODITY GROUPS
 

(tons in thousands) 

Commodity Group Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Wheat & Barley t 
% 

25.0 34.0 
6.6 8.9 

28.8 
7.5 

25.1 
6.6 

33.0 
8.7 

25.0 
6.5 

23.0 71.7 
6.1 18.8 

26.3 
6.9 

31.5 
8.3 

31.5 
8.3 

26.2 
6.9 

381.6 

100 

Cotton t 
% 

21.9 27.4 
6.6 8.3 

30.4 

9.2 
33.6 

10.2 
28.2 

8.5 
10.5 

3.2 

12.6 13.1 

3.8 4.0 

5.7 

1.7 

34.0 

10.3 

69.0 

20.9 

43.8 

13.3 

330.3 

100 

Farm Products t 
% 

31.4 21.1 
10.8 7.3 

23.5 
8.1 

23.1 
8.0 

30.9 
10.7 

28.5 
9.8 

2.7 30.0 
0.9 10.4 

24.8 

8.5 
21.4 

7.4 
29.2 

10.1 
23.4 

8.1 

290.1 

100 

I9
Ln 

Animals & Meat t 
Ln% 
Manuf. Food t 

% 

9.9 8.0 
11.2 9.0 

45.5 61.8 

7.7 10.4 

6.5 

7.3 

67.5 

11.4 

6.1 

6.9 

49.7 

8.4 

9.6 

10.8 

55.6 

9.4 

3.4 

3.9 

35.2 

5.9 

5.4 6.6 

6.1 7.4 

42.7 65.2 

7.2 11.0 

8.0 

9.0 

50.7 

8.6 

7.9 

8.9 

55.5 

9.4 

10.1 

11.4 

30.8 

5.2 

7.4 

8.3 

31.6 

5.3 

89.0 

100 

591.8 

100 
Cement t 

% 
55.7 61.4 
8.3 9.2 

69.7 
10.4 

77.2 
11.5 

63.1 
9.4 

49.6 
7.4 

42.0 39.2 
6.3 5.9 

49.7 
7.4 

50.8 
7.6 

59.4 

8.1 
56.1 

8.4 
669.0 

100 

Manuf. Const. 
Materials 

t 
% 

61.9 47.5 
8.6 6.6 

59.8 
8.3 

74.1 
10.3 

65.9 
9.2 

84.1 
11.7 

31.7 
4.4 

62.3 
8.7 

48.1 
6.7 

57.2 
8.0 

51.9 
7.2 

73.6 
10.3 

718.0 
100 

Fertilizer t 
% 

13.2 16.5 
7.7 9.6 

25.1 
14.7 

34.6 
20.3 

17.5 
10.2 

4.3 
2.5 

8.5 
5.0 

5.7 
3.3 

6.3 
3.7 

16.9 
9.9 

12.1 
7.1 

10.1 

5.9 
170.6 

100 

Refined 
Petroleum 

t 
% 

.2 
0.6 

.4 
1.2 

2.4 
7.5 

4.4 
13.7 

.2 
0.6 

1.5 
4.7 

2.1 16.3 
6.6 51.1 

1.0 
3.2 

1.2 
3.7 

.1 
0.4 

2.1 
6.6 

31.8 
100 

Consumer Goods t 
% 

63.5 57.4 
7.7 7.0 

70.3 
8.6 

72.4 
8.8 

87.0 
10.6 

79.7 
9Y7 

66.4 
8.1 

78.4 
9.6 

30.2 
3.7 

74.5 

9.1 
72.3 

8.8 
67.5 

8.2 
819.5 

100 



Table 5.3.1 (Continued)
 

FREIGHT TRANSPORTED THROUGH CARGO TRANSPORT OFFICES IN 1976 BY COMMODITY GROUPS
 

(tons in thousands)
 

Commodity Group Jan Feb Mar Apr May jun Jul Aug Sep Oct Nov Dec Total
 

2.8 4.3 4.2 57.9
Producer Goods 	t 5.2 5.4 6.2 8.2 8.5 3.0 3.6 3.7 3.0 


% 9.0 9.3 10.7 14.1 14.6 5.1 6.1 6.5 5.1 4.8 7.4 7.2 100
 

4.2 3.2 44.9
Sand & Gravel 	 t 2.8 2.8 4.3 4.1 4.6 3.0 4.5 3.8 4.0 3.7 

% 6.2 6.3 9.7 9.9 10.2 6.8 9.9 8.4 8.9 8.3 9.3 7.1 100 

0.1 23.9 	 24.0
Railway Const. t 


Materials % 0.5 99.5 100
 

404.0 327.8 245.5 396.0 281.7 357.3 369.9 349.2 4,218.5
un Total Tons: t 336.2 343.8 394.5 412.7 

im % 8.0 8.2 9.4 9.8 9.5 7.8 5.8 9.4 6.7 8.5 8.8 8.3 100 



Table 5. 3.2 
FREIGHT TRANSPORTED THROUGH CARGO TRANSPORT OFFICES IN 1979 BY COMMODITY GROUP
 

(tons in thousands) 

Con-nodity Group Jan Feb Mar A May Jun Jul Aug Sep Oct Nov Dec Total 

Wheat & Barley t 
% 

13.6 21.9 
4.5 7.2 

15.9 
5.2 

31.8 
10.4 

16.1 
5.3 

64.2 
21.1 

19.3 
6.5 

20.1 
6.6 

23.5 
7.7 

21.0 
6.9 

23.5 
7.7 

33.3 
10.9 

304.7 
100 

Sugar Beets 

Cotton 

t 
% 

t 

% 

0.4 0.3 
0.5 0.4 

21.7 16.4 

8.2 6.2 

0 

20.5 

7.8 

0 

12.8 

4.9 

0 

7.7 

2.9 

0 

7.9 

3.0 

7.9 49.7 
10.1 63.6 

9.8 5.0 

3.8 1.9 

19.1 

24.5 

12.0 

4.6 

0.7 

0.9 

48.0 

18.2 

0 

64.1 

24.3 

0 

36.6 

13.9 

78.1 

100 

263.5 

100 

, 

Farm Products t 

% 

72.9 

8.9 

52.1 

6.3 

61.0 

7.4 

47.1 

5.7 

85.8 

10.4 

77.2 

9.4 

86.2 80.8 

10.5 9.8 

71.4 

8.7 

63.4 

7.7 

82.3 

10.0 
41.9 

5.1 

822.0 

100 
Animals & Meat t 

% 
16.9 
10.3 

8.7 
5.3 

10.4 
6.4 

9.5 
5.8 

9.7 
6.0 

10.8 
6.6 

19.8 18.4 
12.1 11.3 

15.1 

9.3 
17.2 

10.5 

14.1 

8.6 

12.6 

7.7 
163.5 

100 
Processed Food t 

% 
64.2 84.8 
7.2 9.5 

61.0 
6.8 

57.9 
6.5 

67.7 
7.6 

80.6 
9.0 

92.9 81.1 
10.4 9.0 

74.8 

8.4 
66.8 

7.5 
87.5 

9.8 
74.6 

8.3 
894.0 

100 
Cement t 

% 
95.2 
7.9 

98.1 
8.2 

134.8 
11.2 

73.6 
6.1 

100.9 
8.4 

92.9 
7.8 

131.0 
10.9 

106.5 
8.9 

98.7 
8.2 

73.9 
6.2 

105.7 
8.9 

87.0 
7.3 

1199.0 
100 

Manuf. Constr. 
Materials 

t 
% 

67.7 
6.9 

52.1 
5.3 

61.1 
6.2 

85.5 
8.7 

80.4 
8.2 

99.7 
10.1 

110.0 114.7 
11.2 11.6 

60.2 
6.1 

82.2 
8.3 

77.9 
7.9 

93.5 
9.5 

985.1 
100 

Fertilizer 

Refined 

Petroleum 

t 
% 

t 

% 

21.9 32.3 
5.9 8.8 

0.5 0.5 

10.9 10.9 

28.1 

7.6 

0.5 

10.9 

22.1 

6.0 

0.5 

10.9 

33.3 

9.0 

0.8 

16.7 

21.8 

5.9 

0.5 

10.9 

32.8 34.5 
8.9 9.4 

0.9 0.5 

17.9 10.9 

38.3 

10.4 

0 

43.0 

11.8 

0 

39.6 

10.7 

0 

20.7 

5.6 

0 

368.6 

100 

5.0 

100 



Table 5.3.2 (Continued) 

FREIGHT TRANSPORTED THROUGH CARGO TPANSPORT OFFICES IN 1979 BY COMMODITY GROUP
 

(tons in thousands)
 

Commodity Group Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
 

Consumer Goods 	t 46.8 44.3 53.0 48.8 51.5 65.3 66.0 66.2 63.8 61.8 74.1 60.2 701.9
 
% 6.7 6.3 7.5 7.0 
 7.3 9.3 9.4 9.4 9.1 8.8 10.6 8.6 100
 

Producers Goodst 11.1 8.7 9.4 18.8 13.3 15.2 14.1 12.4 11.5 10.8 9.2 17.0 151.4
 

% 7.3 5.8 6.2 12.4 8.8 10.0 9.3 8.2 7.6 7.1 6.1 11.2 100
 

Sand & Gravel 	 t 16.9 12.8 12.3 9.4 8.4 9.5 10.4 11.8 13.4 9.8 8.9 7.9 131.7
 
% 12.9 9.7 9.3 7.3 6.4 7.2 7.9 9.0 10.1 7.4 6.8 6.0 lOu
 

Containers t 0 0.9 0.6 0.2 1.1 0 0 0.4 0 0 0 0.2 3.3 

% 27.9 16.8 5.6 32.9 11.2 5.6 100 

SubTotal t 449.7 434.0 468.7 418.4 476.8 545.7 601.7 602.1 501.8 498.7 587.8 485.4 6072.0 
% 7.4 7.1 7.7 6.9 7.9 9.0 9.9 9.9 8.3 8.2 9.7 8.0 100 

Phosphate 	 t 1.0 0.5 0 4.2 32.5 1.0 65.3 20.7 31.3 16.3 20.6 28.8 222.2
 
% 0.4 0.2 1.9 14.6 0.6 29.4 9.3 14.1 7.3 9.3 12.9 100
 

Total t 450.7 434.5 468.7 422.6 509.3 546.7 667.0 622.8 533.1 515.0 608.4 514.2 6294.2
 
% 7.2 6.9 7.4 6.7 9.0 8.7 10.6 9.9 8.5 8.2 9.7 8.2 100
 

Source: Consultants' survey.
 

Note: Consumer Goods includes minerals.
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Damascus is fourth lowest, with only 6.5 percent of the CTO
 
cargo in 1979. The low number of pickups and the small volume
 
they ha idled confirm the fact that they art used primarily for
 
short distance hauls and that these do not go through the CTOs.
 

As noted earlier, the primary purpose of the CTO analyses was
 
-)oadjust the Consultants' origin and destination survey data.
 
Detailed tables developed for the purpose, including seasonal
 
variation by commodity, commodity shipments by Mohafaza, and
 
shipments by commodity by type of vehicle, are available in the
 
Consultants' files.
 

5.4 OTHER SURVEYS
 

During the period 19 June through 11 July 1979 the Consultants
 
carried out a truck axle load survey. The methodology and
 
results of that survey were presented in Section 5.3 of Volume
 
IV of the Final Phase I Report.
 

In summary, the Consultants concluded that the probable cause
 
for the truck overloading is that the Government acts both as a
 
regulatory agency (freight rates) and a forwarding agent (cargo
 
transport offices).
 

The tariff structure, although recently revised, is still set
 
at a very low level. The basis for the structure assumes that
 
all vehicles are overloaded by 30 percent, that there is a
 
75 percent vehicle utilization rate, and that vehicle depre
ciation extends over 18 years.
 

The existing regulations encourage gross overloading, which
 
excessively damages the road surface. Enforcement of the axle
 
load limitations is unlikely to solve the problem because
 
truckers would not be able to cover their real operating costs.
 
This has been tried in many developing countries and generally
 
does not solve the problem.
 

There are two possible alternatives to remedy the situation. 
The first alternative is to revise the existing tariff system 
not only by introducing a commodity classification system but 
also by revising tariffs to cover actual operating costs and 
allow a legitimate marginal profit - then enforce the axle 
limits. Under legal load enforcement, the number of overloads 
can be expected to be reduced. The second alternative is the 
gradual deregul&tion of the road transport industry to permit 
the truckers to set their own rates based on demand, supply, 
capability, efficiency, etc. This alternative assumes that 
overloading would continue to exist. Before it is selected, a 
careful analysis should be made of the economics of overload
ing. Data from elsewhere suggest that permitting overloading 
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and building roads to accommodate it may be economically the
 
least cost solution. This would be especially attractive if
 
overloading cannot be controlled, which is likely tc be the
 
case in Syria for some time to come.
 

The Consultants also carried out a shippers ard truckers survey
 
to obtain realistic data on many aspects of the road transport
 
industcy from users of this transporc mode. The actual experi
ence of users was used to verify oi modify!
 

- theoretical vehicle operating costs,
 
- vehicle depreciation rates,
 
- tariffs paid by shippers,
 
- sedsonality patterns,
 
- problem areas among shippers and operators,
 
- cost and consrimption patterns (fuel, oil, etc.).
 

5.5 PROPOSED CONTINUOUS TRAFFIC-COUNTING PROGRAM
 

The proposed continuous traffic-counting program is designed to
 
achieve the following objectives:
 

- to determii-- the Annual Average Daily Traffic (AADT) on
 
the Syrian road network in order to provide a basis for deter
mining the need and priority for maintenance and improvement
 
according to existing and expected future traffic,
 

- to determine houcly, daily, and monthly traffic varia
tions, and the design of hourly volume (DHV) for different
 
types of roads in different areas, for planning and desigl
 
purposes,
 

- to monitor, continuously, road usage levels to ensure 
that improvement programs are dynamically responsive to actual 
needs, 

- to calibrate on a yearly basis the computerized traf
fic projection model developed by the Consultants, 

- to determine the vehicle movement yearly growth factor.
 

Type of Counts
 

The proposed traffic-counting program employs both mechanical
 
and manual counting rethods. Traffic counts are to be taken at
 
various pre-determirr'd traffic counting stations, which 
are
 
divided into six classes: permanent, major, minor, coverage A,
 
coverage B, and short-count stations, depending on duration,
 
interval, and type of counts, 
as shown below. The term control
 
stations is used for permanent, major, and minor stations.
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Stations: Continuous counts by automatic,
- Permanent 
hourly, self-recording traffic-counters continuously throughout 

the year plus manual 48 consecutive hour counts initially once 

every three months. Following the first year's experience, data 
to ascerfrom the- 1]assification counts should be analyzed 

tain the magnitude of seasonal variation in traffic composi

tion. The re- ' s of such analysis may lead to a decision 
Manual counts should
affecting the frequency of manual cou:,ts. 


be made at least once each year regardless of findings.
 

- Ma]or Stati.ris: One-week continuou- counting by an 

aotomatic, hourly, self-recording traffic counter during each 

month througL t the year, plus manual 24-hour classification 
12-hour classification countscounts once a year and manual 


every three r oiiths. 

- Minor Sttions: Forty-hour continuous counting on week

days only, by an automatic, hourly, selt-recording traffic
 
months, plus manual 12-hour classificounter cnce every three 


cation counts (,nce a year. 

- Coverage A Stations: Two-day continuous counting by an
 
a
automatic, [hr'Irly, self-recording traffic counter once year 

on weokdays, plus manual six-hour classification counts once a 

year. 

Coverage B Stations: Two-day continuous counting by an
 

automatic, hourly, self-recording traffic counter once a year.
 
-

- Short-Count Station: Six-hour manual classification
 

counts once a year.
 

an
All manual classification counts are to be taken on hourly
 

basis. Eleven vehicle types are differentiated as follows:
 

pickup truck
passenger car taxi 

2-axle truck
microbus bus 


3-axle truck combination truck farm tractor
 

motorcycle laden animal
 

Location of Counting Stations
 

stations as recommended are shown on
Locations of countirig 

Plate 5.5.1 and in a tabular form on Table 5.5.1. Short-count
 

since they should be located
station locations are not defined 

as the program needs arise.
 

the field location
The following rules should be observed when 


of a station is determined:
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- Each station should be located as close as it would be 
practically possible to the planned location.
 

- Count stations should be located at sufficient distance
 
from a town or 
a major village so that the internal traffic
 
within such population centers is not included in the counts.
 

- Automatic counters with pneumatic detectors should be 
located at stretches of roads where traffic is expected movetc 

freely and where asphaltic surfaces are smooth.
 

- For control stations, the location of each station 
should be marked in the field by a small concrete post placed
beside the road with a plate attached to it, displaying the 
Ministry's name and the station number. 

Equipment
 

Counters
 

For the six permanent stations, a durable and reliable means of
 
vehicle detection should be used, such as detectors utilized in
 
traffic siqnal controls. There are many types of such detectors
 
including magnetic, radar, ultrasonic, induction loop, and pho
toelectric cell devices. Because of the possibility of mechani
cal failure, one spare counter should be provided together with
 
the necessary spare parts. A total of seven complete counters
 
are therefore recommended to cover the permanent stations.
 

There are six major stations and 12 minor stations recommended
 
in this program. Since minor stations will be counted for two
day periods at three-month intervals, and major stations for a
 
one-week period each month, a total of four machines, including
 
a spare counter, is recommended, together with the necessary
 
spare parts.
 

There are approximately 52 coverage A and 65 coverage B sta
tions recommended in this program. Since each of them will be
 
counted for two days/year, three self-recording counters plus a
 
spare set and the necessary spare parts are recommended.
 

Short counts are done manually using tally boards. A total of
 
eight tally boards with 16 push button accumulators each are
 
cecommended to cover all manual classification counts.
 

Vehicles
 

Two pickup trucks should be assigned for full-time use in the
 
counting program. One vehicle is to be used by the technicians
 
assigned to handle the mechanical counters and the other to
 
transport the manual counts crew.
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Table 5.5.1
 

LOCATION AND IDENTIFICATION NUMBERS FOR COUNTING STATIONS
 

Location 


Al Kisweh-Ghabagheb 
Quoteifeh Junction-Nabek 

Tartous-Mintar 

Hama-Mouhardeh 

Al Raqqa-Deir I:z Zor 

Deir Ez Zor-Al Hassakeh 

Ariha-Saraqueb 

Sanamayn-Khabab 

Mhardeh-Mork 

Khan Sheikhoun-Mar'arat Al
 

Nuo 'man 

IJIeh-Atareb 

Al Raqcla-Tal Abiad 

Al iassakeh-Al Dirbassieh 

Damascus-Barak 

Al Kisweh-Adelieh 

Damascus-Lebanese Border 

A'lra Junction-Khar Abou Shamat 

ShinIhar-Koussair 
Ioms-Fruuqloss 
Safita-Al Dabbousieh 
Banias-Missiaf 
Bab A! Hawa-Urm Suqhra 
Aleppo- I 'sas 
Aleppo-Al Raqqa 

Al Kamishli-Tal Kojak 

Shahba-Al Suweida 

Ariha-Jisr Al Shughour 

Al Suweida-1Rashidiah

S had-Malah 

Al SLuweida-Salkhad 

Al Suweida-Al Karia 

Dera' a-Bosra 
Dera'a-Jordanian Border 

Izra'-Sheikh Meskeen 

Sheikh Meskeen-Nawa 

Da'el-Al Hirak 

Izra'-Dera'a 

Sanamayn-Izra' 

Habbub-Missmieh 

Ghabagheb-Kafr Nasej 


Station 

Number 


101 

102 

103 

104 

105 

106 

107 

201 

202 


203 

204 

205 

206 

301 

302 

303 

304 

305 
306 

307 

308 

309 

310 
311 

312 

401 

402 

501

502 


503 

504 

403 
404 

405 

406 

505 

506 

507 

508 

509 


Type of
 
Station Mohafaza
 

Permanent Dera'a
 
Permanent Damascus
 
Permanent Tartous
 
Permanent Hama
 
Permanent Al Raqqa
 
Permanent Deir Ez Zor
 
Permanent Idleb
 
Major Dera'a
 
Major Hama
 

Major Idleb 
Major Idleb 
Major Al Raqqa 
Major Al Hlassakeh 
Minor Damascus 
Minor Damascus 
Minor Ddmascus 
Minor Damascus 
Minor Hloms 
Minor Homs 
Minor Tartous 
Minor Tartous 
Minor Aleppo 
Minor Aleppo 
Minor Aleppo 
Minor Al Hassakeh 
Coverage A Al Suweida 
Coverage A Al Suweida 
Coverage B Al Suweida 
Coverage B Al Suweida
 

Coverage B Al Suweida
 
Coverage B Al Suwcida
 
Coverage A Dera'a
 
Coverage A Dera'a
 
Coverage A Dera'a
 
Coverage A Dera'a
 
Coverage B Dera'a
 
Coverage B Dera'a
 
Coverage B Derata
 
Coverage B Dera'a
 
Coverage B Dera'a
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Table 5.5.1 (Continued)
 

LOCATION AND IDENTIFICATION NUMBERS FOR COUNTING STATIONS
 

Location 


Jordanian Road-Gasem 

Damascus-Barak 

Damascus-Sa'sa' 

Jordanian Road-Al Set 

Damascus-Adra Junction 

Douma-Quoteifeh 

Quoteifeh Junction-Damascus 

Jdaydeh-Al Tekieh 

Zabadani-Junction-Lebanese
 

Border 

Al Tekieh-Zabadani 

Al Tal-Seydnaya 

Al Kisweh-Kanaker 

Al Kisweh-Quneitra Road 

Jordanian Poad-Quneitra Road 

Damascus-Darayya 

Nashabieh-Uteibeh 

Zabadani-Serghaya 

Barzeh-Al Tal 

Al Tal-Hafir 

Ma'aloula-Yabroud 

Aleppo Road-Al Nassrieh 

Nabek-Quoteifeh Junction 

Nabek-Al Mshrfeh 

Al Bathm--Al Bassira 

Al Bassiza-Tanf Road 

Tadmur-Al Bassira 

Fuglos-Tadmur 

Homs-Al Salamieh 

Shin-Mashta Helou 

Saba' Biar-Tanf 

Hessieh-Sadad 

Deir Atieh-Hessieh 

Hessieh-Deir Atieh 

Homs-Tal Kalakh 

Before Tarif 

Hama-Al Salamieh 

Hama-Missiaf 

Hama-Akrab 

Akrab-Missiaf 

Missiaf-Sheikh Badr 


Station 

Number 


510 

407 

408 

409 

410 

411 

412 

413 


414 

415 

416 

511 

512 

513 

514 

515 

516 

517 

518 

519 

520 

521 

522 

417 

418 

419 

420 

421 

422 

523 

524 

525 

526 

527 

528 

423 

424 

425 

426 

427 


Type of
 
Station Mohafaza
 

Coverage B Dera'a
 
Coverage A Damascus
 
Coverage A Damascus
 
Coverage A Damascus
 
Coverage A Damascus
 
Coverage A Damascus
 
Coverage A Damascus
 
Coverage A Damascus
 

Coverage A Damascus
 
Coverage A Damascus
 
Coverage A Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage B Damascus
 
Coverage A Homs
 
Coverage A Homs
 
Coverage A Homs
 
Coverage A Homs
 
Coverage A Homs
 
Coverage A Homs
 
Coverage B Homs
 
Coverage B Homs
 
Coverage B Homs
 
Coverage B Homs
 
Coverage B Homs
 
Coverage B Homs
 
Coverage A Hama
 
Coverage A Hama
 
Coverage A Hama
 
Coverage A Hama
 
Coverage A Hama
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Table 5.5.1 (Continued)
 

LOCATION AND IDENTIFICATION NUMBERS FOR COUNTING 
STATIONS
 

Location 


Suqailbieh-Jisr Al Shughour 

Jisr Al Shughour-A'annab 

Hama-Homs 

Homs-Hama 

Hama-Souran 

Mhardeh-Tal 

Salhab A'annab-Missiaf 

Suqailbieh-Missiaf Road 

Tartous-Safita 

Tartous-Dreikish 

Tartous-Banias 

Mintar-Arida 

Kassab-Lattakia 

Lattakia-Jisr Al Shughour 

Al iiffeh-Salina 

Banias-Djableh 

Djableh-Lattakia 

Sarraya-Kablia 

Kansabbu-Slenfeh 

Djableh-Ain Sharkieh 

Ariha-Ma'arrat-Al Nuo'man 

Ariha-Jisr Al Shughour 

Idleb-Ariha 

Idleb-Saraqueb 

Idlob-Taftanaz 

Idleb-Salkin 

Idleb-Atareb 

Bab Al Hawa-Atareb 

Khan Sheikoun-Madik Castle 

Ariha-Saraqueb 

Taftanaz-Saraqueb 

Aleppo-Al Bab 

Aleppo-Ifrin 

Ifrin-Midan Ikbis 

Aleppo-Saraqueb 

Saraclueb-Aleppo 

Aleppo-Tal Rif'at 

Ifrin-Al Dana 

Ifrin-Jandrin 

Isas-Turkish Border 

Al Bab-Al Ra'i 


Station 

Number 


428 

429 

529 

530 

531 

532 

533 

534 

430 

535 

536 

537 

431 

432 

433 

538 

539 

540 

541 

542 

434 

435 

436 

437 

438 

439 

440 

441 

543 

544 

545 

442 

443 

444 

546 

547 

548 

549 

550 

551 

552 


Type of
 
Station 


Coverage A 

Coverage A 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage A 

Coverage B 

Coverage B 

Coverage B 

Coverage A 

Coverage A 

Coverage A 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage A 

Coverage A 

Coverage A 

Coverage A 

Coverage A 

Coverage A 

Coverage A 

Coverage A 

Coverage B 

Coverage B 

Coverage B 

Coverage A 

Coverage A 

Coverage A 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage B 

Coverage B 


Mohafaza
 

Hama
 
Hama
 
Hama
 
Hama
 
Hama
 
Hama
 
Hama
 
Hama
 
Tartous
 
Tartous
 
Tartous
 
Tartous
 
Lattakia
 
Lattakia
 
Lattakia
 
Lattakia
 
Lattakia
 
Lattakia
 
Lattakia
 
Lattakia
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Idleb
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
 
Aleppo
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Table 5.5.1 (Continued)
 

LOCATION AND IDENTIFICATION NUMBERS FOR COUNTING STATION
 

Location 


Manbedj-Garablus 

Ain Issa-Al Zarzouri 

Tal Abiad-Ras Al Ain 

Al Raqqa-Al Kassra 

Deir Hafer-Al Tabkah 

Al Tabkah-Al Raqqa 

Al Mshrfeh-Tal Abiad 

Albu Kamal-Iraqi Border 

Al Bassira-Al Hreyji 

Al Bassira-Albu Kamal 

Al Raqqa-Deir Ez Zor 

Deir Ez Zor-Maydin 

Maydin-Albu Kamal 

Al Karia-Al Boura 

Bab Al Hadid--Ya'roubia 

Al Kamishli-Ras Al Ain 

Al Hassakeh-Al Kamishli 

Al Kamishli-Tal Khamiss 

Al Hassakeh-Ras Al Ain 

Al Hassakeh-Tal Shamran 

Bab Al Hadid-Al Malkieh 


Station 

Number 


553 

445 

446 

447 

554 

555 

556 

448 

449 

450 

557 

558 

559 

560 

451 

452 

561 

562 

563 

564 

565 


Type of
 
Station Mohafaza
 

Coverage B Aleppo
 
Coverage A Al Raqqa
 
Coverage A Al Raqqa
 
Coverage A Al Raqqa
 
Coverage B Al Raqqa
 
Coverage B Al Raqqa
 
Coverage B Al Raqqa
 
Coverage A Deir Ez Zor
 
Coverage A Deir Ez Zor
 
Coverage A Deir Ez Zor
 
Coverage B Deir Ez Zor
 
Coverage B Deir Ez Zor
 
Coverage B Deir Ez Zor
 
Coverage B Deir Ez Zor
 
Coverage A Al Hassakeh
 
Coverage A Al Hassakeh
 
Coverage B Al Hassakeh
 
Coverage B Al Hassakeh
 
Coverage B Al Hassakeh
 
Coverage B Al Hassakeh
 
Coverage B Al Hassakeh
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Manpower
 

The following staff should be assigned to the program on a
 

full-time basis.
 

- a technician to handle, check, and relocate the mechan

ical counting equipment,
 

- an assistant to work with the technician,
 

- two employees assigned for the manual counting program.
 

Recording Forms
 

Samples of the forms for use in the automatic counts and clas

summary forms for the classification
sification counts and the 

for each type of station were included in
and automatic counts 


Section 5.2 of Chapter 5, Volume IV of the Final Phase I Re

port. Copies of these forms, the related computer coding forms,
 

and the basic data and computer printouts of the Consultants'
 

have been provided to the
one-year traffic counting program 


Ministry of Communications. The disc file of traffic count data
 

was also included in the computer files turned over to the
 

Ministry of Transport.
 

Coding and Updating of ADT's
 

monthly Average Daily Traffic should be calculated either
The 

and then
manually or by using auxiliary computer programs 


file. The programs should
entered into the traffic data main 

number of vehicles and passenger car
calculate the AADT in 


the ADT using the monthly variaequivalent units by adjusting 


tion factors and inserting the results in the defined columns
 

All other links with the same

cancelling the previous figures. 


be updated accordingly. Any
updated station number should 

a
changes in the composition of traffic should be updated in 


similar manner as above.
 

From control stations, the hourly, daily, and monthly variation
 

factors can be studied and defined, for each type of road and
 

Syria. All other stations should be

for different areas in 


similar control stations and the corresponding
grouped with 

factors should be used.
 

program, yearly growth
From the continuous traffic counting 

traffic movement patterns can be ob

factors and changes in 


served, analyzed, established, and then calibrated as actual
 

data become available.
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The results of the traffic counting program should be used in
 
connection with the Syrian Transport Analysis System (SYRTRANS)

to define the need 
 and priority of maintenance and road
 
improvement.
 

Annual Publication of Traffic Data
 

In order to ensure various users 
easy access to update informa
tion on road traffic, the Ministry of Communications should
 
prepare and issue an annual statistical publication covering

the following information:
 

- A map showing the location, class, and identification 
number of all count stations with the AADT for each station. 

- A graphic representation of AADT on the main Syrian
 
road network for the year.
 

- A table showing station number, location, AADT, and 
composition of traffic. 

table shows
- A that for each count station the actual 
AADT and the AADT during the previous years. The same should be 
shown for the composition of traffic. 

- The hourly, dri-ly, 
and monthly variation factors devel
oped from the central stations for different areas and types of
 
roads.
 

- The average composition of traffic for different areas
 
and types of roads.
 

- The estimated design hourly volume expressed as a per
centage of daily traffic for different areas and types of
 
roads.
 

-
 The actual growth factor of traffic for different areas
 
and types of roads in Syria.
 

This report should be widely distributed, including to all
 
Mohafaza Directorates of Communication. Following the first
 
publication, a survey of users should be made ensure
to that
 
the data are of the type and format suited to the user's needs.
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VEHICLE OPERATING COSTS (VOC) 



Chapter 6
 

VEHICLE OPERATING COSTS (VOC)
 

Introduction
 

Several steps were involved in developing highway user costs
 
for Syria.
 

First, a set of base vehicle operating costs was developed for
 
flat, paved, tangent roads under unrestricted traffic condi
tions. These costs were developed for different vehicle types
 
to cover the range of vehicles in common use in Syria. Second,
 
a set of factor cost values was employed to represent the addi
tional costs of vehicle operations on roads where conditions
 
are less than optimal. The effect of these less-than-optimal

conditions on average operating speeds was also determined.
 

User costs were developed from Syrian data and then translated,
 
using the Delta L method, into measures reflecting the costs of
 
operating typical vehicles over local pavement types, various
 
terrain conditions, and geometric design characteristics. A
 
proposed road improvement may also result in substantial time
 
savings to passengers and goods. This item was treated
 
separately.
 

This chapter describes the various elements of this process and
 
presents the summary results. Supporting details can be found
 
in the following appendices to Volume IV of the Final Phase I
 
Report:
 

The detailed elements used to develop base vehicle operating
 
costs were presented in Appendix 6.1. of the Final Phase I
 
Report.
 

The actual 1979 user costs were compared with the current
 
commercial freight tariffs (per ton-kilometer) and charges for
 
various passenger vehicles (per passenger-kilometer). The
 
results were presented in Appendix 6.2.
 

The inputs into the development of highway user costs were
 
presented in Appendix 6.3. This can be used as a guide in
 
future updating of vehicle operating costs.
 

Appendix 6 4 presented the value of passenger time. Appendices

6.5 and 6.6 presented the development of the Speed Model and
 
Travel Time Model.
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Although several vehicle 
prepared in the past in 
direct comparisons with 

operating cost studies have 
Syria, it is not possible to 
the Consultants' results for 

been 
make 
the 

following reasons: 

- different types of vehicles and broad vehicle group 
categories were analyzed by the other consultants,
 

- vehicle prices and vital cost components have changed,
 

- approaches, assumptions, and certain analytical methods
 
used in other studies are different.
 

The Consultants' 0 & D surveys were used to derive weighted 
averages of vehicle types within the same vehicle group cate
gory whenever it was necessary. 

Methodology
 

The methodology employed in developing vehicle operating costs
 
under different road conditions embodies a step-by-step pro
cedure. This facilitates subsequent adjustments when key
 
assumptions are changed in light of new developments or when
 
more or better data become available. The steps in the pro
cedure are described below:
 

Selection of Road Surfaces for Analysis
 

Four distinct types of road surfaces were examined: asphalt
 
concrete (AC), bitumen (B), gravel (G), and earth (E). For
 
roads or highways which cannot be categorized in these distinct
 
groupings, some combination of the groupings was used; as an
 
example, a road may be consiaered engineered gravel for one
third of its length and existing track for the remainder.
 

Typical Reference Vehicles
 

At this stage in the growth of the vehicle fleet in Syria, the
 
operating cost characteristics can be analyzed suitably. As was
 
the case with road surfaces, changes in the percentage composi
tion of the vehicle stream can be used to simulate different
 
traffic characteristics in different parts of Syria.
 

Vehicle Operating Parameters
 

The vehicle operating parameters define the annual operating
 
characteristics and other basic factors about typical reference
 
vehicles. These parameters include such items as vehicle life
 
(in economic life and kilometers of travel), average annual
 
travel speed, and hours of operation. In a sense, the parame
ters set the basic hypotheses for assumed or estimated vehicle
 
operation.
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Basic Operating Cost Elements
 

The term cost element as used here means the current Syrian
 
price of items such as gasoline, motor oil, and tires, which in
 
aggreqate determine the cost of operating a motor vehicle. Some
 
of the elements, such as the one cited above, are distarce
 
related, since they relate to vehicle-kilometers of travel.
 
Other cost elements, such as insurance, are time-related in
 
that they rupresent annual charges which are only indirectly,
 
if at all, based on aictual vehicle travel.
 

Cost/Speed Relationships
 

Most rperating costs vary in some proportion with the vehicle 
travel speed. Standard relationships can be applied to the 
basic cost elements to calculate, as an exampie, gasoline con
sumption at different levels of speed. The three most useful 
reference sources for this purpose ace "Quantification of Road 
User Savings," Jan DeWeille, World Bank Staff Occasional Paper 
Numhez Two, 1966. and "Economic Analysis for Highways," Robley 
Winfrey, 1.65, and "Research Stuvdy on Vehicle Speecw and Di, 
Factors," Wehner. As appropriate, thesc souLccs vill be refer
enced -is "DeWeille," "Winfrey," and "Wehner," respectively. The 
Consultants attempted to use the TRRL (Transport and Road 
Research Laboratory) study performed in East A a. However, 
it was determined that the approach and methodology used by 
TRRL could not be applied in Syria because of different cli
matic conditions (i.e., moisture content), as well a5 inade
quate historical data. 

Summation of Results
 

After each cost element has been computed for a level, tangent
 
road at different speeds, the results can be summarized to pro
vide to,.al operating costs for the reference vehicle analyzed.
 
Costs will be expressed in terms of financial and economic
 
costs. Briefly, financial costs include applicable taxes and
 
are the total cost a vehicle operator pays to operate his vehi
cle; economic costs exclude taxes or other transfer items and
 
represent the real cost to the economy of vehicle operation.
 

6.1 SELECTION OF ROAD SURFACES FOR ANALYSIS
 

Vehicle operating c",sts at different speed levels will be
 
developed for level, tdngent paved road2. The geometric design
 
standards are not of immediate concern in developing which rep
resent costs on level, paved, tangent roads; the design stand
ards used will be discussed fully. The road surfaces to be
 
considered are the following:
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- asphalt concrete (AC), 
- bituminous surface treatment (B), 
- gravel (G), 
- earth (F). 

Asphalt Concrete (AC)
 

Mixed bitiiminous or bituminous penetration road on a rigid or
 
flexible base with combined thickness higher than 2,5 centi
meters.
 

Bituminous Surface Treatment (B)
 

Bituminous surface course (less than 2.5 centimeters thick) on
 
a base suitable to carry occasional heavy axle loads.
 

Gravel (G)
 

A graded and drained road with surface of gravel, crushed
 
stone, etc. Surface may be stabilized.
 

Earth (E)
 

EaFrth road that has been graded into defined roadway and has
 
adequate drainage to prevent serious damage by normal surface
 
water.
 

6.2 TYPICAL REFERENCE VEHICLES
 

Description of Typical Reference Vehicles
 

It is a normal procedure for the representative vehicles for
 
each vehicle category to be established by using weighted
 
averages from the vehicle registration data. Also, vehicle
 
operating cost items will have 
to be weighted by the respective
 
percentages of each vehicle type in 
the total registrations.
 

Unfortunately, the 1971 through 1979 registration data 
are not
 
disaggregated 
in detail. Government published statistical data
 
do not distinguish the pr,-oortions of the various vehicle
 
categories, such as 3- versus 2 -axle trucks, number pickup
of 

trucks, actual horsepower, displacement, vehicle age, etc.
 
Therefore, in choosing typical reference vehicles, the Consult
ants also obtained information from:
 

- companies engaiged in vehicle sales,
 
- companies distributing fuel and lubricants,
 
- goods haulage firms,
 
- insurance companies,
 
- spare parts and tires distributorL,
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6.3 

- vehicle mantenance and repair workshops, 
- previous studies performed by other consultants,
 
- various automobile sales publications, 
- the Consultants' Fleet Operator Survey, 
- bus, taxi, and trucking cooperatives. 

Many Lypes 
of vehicles are in circulation in Syria. The motor
venicle fleet has 
a wide composition, including 
in each catevehicles made in different
gory European countries (Italy,
Germany, 
France, S-.eden, U.K., 
 Soviet Union, etc.), in the
U.S., 
and in Japan. Obviously, 
we cannot consider more than one
type of 
vehicle for each category. In feasibility and transport
studies the analysis of vehicle operating costs of one 
representative vehicle for each vehicle 
category is sufficient to
 
obtain siqnjficant results.
 

Althcjj the typical reference vehicles have specific characteristics, they also represent in the overall 
sense the entire vehicle fleet; therefore, some averaging is required.
adherence Rigid
to too strict limitations will tend to make 
the
selected reference vehicle 
unrepresentative 
of the total segment of the vehicle fleet that it 
is supposcd to typify.
 

Table 6.1 presents in detail 
the characteristics and specifications 
of the selected representative vehicles for this 
analysis. Because more than 60 percent of all taxis are six cylinder, the six-cylinder passenger car 
was used to represent taxis
 
in this analysis.
 

It should also be 
noted that throughout this 
study the term
"microbus" is used. This is 
not a van-type vehicle, but 
a sma''l
bus having a seating capacity of 
18 to 22 pass-engers. The 2axle, single unit tractor truck with 
a 1-axle tcailer is in the
same vehicle category as a 3-axle truck, with about 
a 12 percent higher operating cost. 
For petroleum transport, the 4-axle
articulated tanker semi-trailer is 
most commonly used for 
longdistance traffic. 
The 3 -axle semi-trailer 
tankers are mostly
utilized within urban 
centers and 
are thus considered atypical.
 

VEHICLE OPERATING PARAMETERS
 

Vehicle 
operating parameters establish the 
basic structure of
vehicle life and 
usage and are used to 
determine depreciation
charges and the 
savings in fixed 
costs attributable 
to higher
travel speeds 
over an improved highway network. It should be
stated at the outset 
that estimating many, 
if not most, of the
parameters must be judgmental because precise or 
even approximate ,iata are 
lacking. To be discussed in this section are:
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- estimated vehicle life and annual travel,
 
- average ope-ating and travel. speeds,
 
- summary of operating paralveters.
 

In establishinrs the above vehicle operating parameters, the 
Consultants obtained information from: 

- companies engajed in vehicle sales, 
- previous studies performed in Syria, 
- the Consultants' Fleet Operators Survey, 
- goods haulage firms, 
- vehicle maintenance and repair shops.
 

Estimated Vehicle Life and Annual Travel 

As a startin point in the analysis, it is useful to review the
 
operating parameters estimated by DeWeille. The source of the
 
estimates in Table 6.2 is Deweille's Annex Table 15.
 

Because of the rapid growth of the motor vehicle fleet, it is 
not possible to derive reliable data on average life. Limited 
accident statistics (because not all accidents are reported)
 
sugoest the possibility of high vehicle accident losses.
 

Based principally on judgment and results from previous studies 
performed in Syria, the figures presented in Table 6.3 are 
adopted. Because of their heavy-duty characteristics, the light 
and heavy trucks, pickup, and bus can be expected to give

longet service than that assumed by DeWeille - especially in 
Syria, where there are import restrictions on new vehicles and
 
annual kilometers travelled vary substantially from DeWeille's 
assumption. 

Data for vehicle life on non-asphalt surfaces are even more 
difficult to deduce. Calculations on DeWeille's depreciation
 
tables (Tables )a and 6b) for the different road surfaces
 
permit estimation of the following reductions in vehicle life
 
because of road surface type, as shown in Table 6.4. The same
 
annual kilometers of travel per vehicle are assumed irrespec
tive of road surface. 

Average Operating ind Travel Speeds
 

Two sets of speed criteria have been estimated to describe the
 
operatinq characteristics of the reference vehicles. The first
 
of these, based both on direct observations and the estimates,
 
can be described as highway operating speed; it is intended to
 
cepresent the sustainable average vehicle speed in travel over
 
the road surface and is presented in Table 6.5.
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Tab I 6.1
 

?PECIFICATIONS OF REFERENCED VEHICLES
 

Vehicle 
Category 

No. of Empty Maximum Total
Fuel Axles/ Vehicle Payload Weiqht 
Type Wheels (kgs) (kqs) (kqs) 

IP 
(SAE)l 

Displ. 
(cc)2 

No. of 
Cylinders 

Tire 
Size 

Oil 
Capacity 

(kgs) 

Passenger Car 
4 Cylinder 
6 Cylinder 

G 
G 

2/4 
2/4 

1,065 
840 

385 
380 

1,450 
1,220 

60 
78 

1,698 
1,998 

4 
6 

1.75xll 
1.75x14 

3.5 
4.7 

8 Cylinder G 2/4 1,179 460 1,639 195 4,218 8 1.85x14 4.7 
Pickup G 2/4 1,115 1,220 2,335 90 1,587 4 1.85x14 3.9 
2-Axle Truck D 2/6 6,385 12,615 19,000 256 12,760 8 12.00x20 17.0 
3-Axle Truck D 3/10 8,270 17,730 26,000 320 15,950 10 12.00x24 20.8 

4-Axle Tractor 
Semitrailer D 2/6 6,440 - 38,000 320 15,950 10 12.00x24 20.8 

Semitrailer - 2/8 5,900 25,660 - - - - 12.00x20 -

5-Axle Tractor/
Semitrailer D 3/10 9,100 - 38,000 320 15,950 10 12.00x24 20.8 

Semitrailer - 2/8 5,900 23,000 - - - 12 .00x20 -

5 Axle Truck 
and Full 
Trailer D 2/6 6,385 12,615 19,000 256 12,760 8 12.00x24 17.0 

Full Trailer - 3/12 5,600 13,400 19,000 - - - 12.00x20 -
Regular Bus D 2/6 9,370 6,630 16,000 210 8,720 6 ll.00x20 16.0 
Microbus D 2/6 2,365 1,675 4,040 96 4,561 4 10.00x20 6.8 

Source: Manufacturers' specifications.
 

Notes: HP = Horsepower. SAE = Society of Automotive Engineers.
 

1 
While the foregoinq are definite specifications, there are not only many eno]ine options
 

but also tire sizes for most vehicles.
 

2 Cubic displacement.
 



Table 6. 2
 

DATA ON VEHICLE UTILIZATiON AND LIFETIME
 

Annial Years of Lifetime
 
Vehicle Type Kms Service Kms
 

Passenger Car 15,300 14 214,000 

Pickup (1) 14,500 12 174,000 

2 Axle, 6 Tire (II) 22,500 11 248,000 

4 Axle Combination (III) 96,500 7 676,000 

5 Axle Combination (IV) 112,600 7 788,000 

Source: De Weille, Annex Table 15.
 

Table 6.3
 

VEHICLE UTILIZATION AND
 

ECONQMIC LIFETIME
 

Annual Economic Lifetime
 
Vehicle Type Kms (000) Vehicle Life (Years) Kms (000)
 

Private Passenger Car 14 
 14 196
 

Taxi 
 96 10 960
 

Pickup 28 
 10 280
 

Bus 
 50 16 800
 

Microbus 65 
 14 910
 

2 Axle Truck 50 
 16 800
 

3 Axle Truck 60 14 
 840
 

Tractor Truck 65 
 14 910
 

Trailers 65 
 14 910
 

o iirc-.: Cohnaitants' estimaues for Syria derived 'rom DeWeille. 
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Table 6.4
 

REDUCTTOM IN VRHTCLE LIFE FOR ROAD SURFACES (GENERAL)
 

Vehicle Type 


Passenger Car 


Taxi 


Fickup 


2 Axle Truck 


3 Axle Truck 


Bus 


Microbus 


Tractors-Semitrailers 


Road Surfaces
 

Bitumen Grayel Earth
 
% Reduction in Vehicle Life
 

10 15 30 

10 15 30 

15 20 40 

20 25 50 

20 25 50 

20 25 50 

20 25 50 

20 25 50 

Truck and Full Trailer 20 25 


Source: Consultants' estimates for 
Syria derived from DeWeille.
 

Table 6.5
 

ESTIMATED HIGHWAY OPERATING SPEEDS FOR
 

DIFFERENT ROAD SURFACES
 

Vehicle Type 


Passenger Car & Taxi 


Pickup 


Bus 


Microbus 


2 Axle Truck 


3 Axle Truck 


Heavv Truck 

virc. : 'onsultants' 

Road Surface 

1 Bitumen 
Asphalt (kms/hr) Gravel Earth 

90 80 68 40 

90 80 68 40 

60 54 50 25 

70 62 55 30 

70 64 55 30 

70 64 55 30 

50 45 36 20 

estimates. 

Based on a 2 lane width,>7 meters road.
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The second set of speed criteria are the overall travel sp eds
 
shown in Table 6.6. These speeds reflect stop and go character
istics of traffic under actual road conditions. The asphalt,
 
nitumen, and qravel roads (the asphalt particularly because of
 
city and arterial driving) show a significant spread between
 
the two speed criteria. For the earth surface, the speed cri
teria are the same.
 

Summary of Operating Parameters
 

Table 6.7 summarizes the operating parameters discussed in this
 
section; two derived parameters, vehicle life in years (eco
nomic for Syria) and vehicle usaqe in hours/day, are also
 
shown. The vehicle usage daily hours apply to the vehicle in
 
motion; a truck, for example, may be in use while loading and
 
Unloading but not actually travelling. In the absence of reli
able datd oni these parameters, every effort has been made to
 
make them mutually consistent as well as to reflect the logical
 
effects of road surfaces.
 

6.4 BASIC OPERATING COST ELEMENTS
 

Vehicle Operating Costs
 

Vehicle operating costs are composed of two components: running
 
and fixed costs. The running costs are directly related to the
 
use of the vehicle, and the fixed costs, which are related to
 
vehicle ownership and time, are incurred independently of the
 
amount of use of the vehicle.
 

Running Costs
 

- motor fuel,
 
- engine oil,
 
- tires and tubes,
 
- vehicle maintenance.
 

Fixed Costs
 

- insurance,
 
- depreciation,
 
- interest,
 
- vehicle road taxes,
 
- drivers' wages and benefits, 
- municipality transport office fees.
 

Depreciation is treated on a fixed cost in order to be con
sistent with the manner in which vehicle costs for other mudes
 
are treated in this study (such as railroad rolling stock, air
craft, ships, etc.), namely as investment costs.
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Table 6.6
 

ESTIMATED OVERALL TRAVEL SPEEDS
 
FOR DIFFERENT ROAD SURFACES
 

Road Surface
 
Vehicle Type Bitumen
Asphalt (kms/hr) Gravel Earth
 

Passenger Car & Taxi 
 56 48 
 46 30
 

Pickup 
 56 48 
 46 30
 

F us 40 36 30 25
 

Microbus 
 40 38 
 35 30
 

2 Axle Truck 
 40 38 35 
 25
 

3 Axle Truck 
 40 38 
 35 25
 

Heavy Truck 
 32 25 
 22 20
 

.ource: Consultants' 
estimates.
 

Note: 
 The running speeds when traffic volumes reach capacity are all
equal and depend on 
road design and terrain type, 
since the vehicles
 
cannot overtake 
one another.
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Table 6.7
 

SLMMARY OF VEHICLE 0PERATING PARAMETERS 

Type of Vehicle 

Passenger Car 

Taxi 

Pickup 

Bus 

icrobus 


2 Axle Truck 
3 Axle Truck 
Tractor/Seni-trailer 

(2+2) 

Tractor/Seni-trailer 

(3+2) 
Tractor Truck &
 
Trailer (2+3) 


Passenger Car 

Taxi 
Pickup 

Bus 

Microbus 

2 Axle Truck 

3 Axle Truck 

Tractor/Semi-trailer 

(2+2) 
Tractor/S'emi-trailer 

(3+2) 
Tractor Truck &
 

Trailer (2+3) 


Passenger Car 

Taxi 

Pickup 

Bus 
Microbus 

2 Axle Truck 
3 Axle Truck 
Tractor/Seu i-trailer 

(2+2) 


Annual 
Travel 


(000) Kms 

14 

96 

28 

50 

65 

50 
60 

65 


65 

65 


14 

96 
28 

50 

65 

50 

60 

65 

65 

65 


14 

96 

28 

50 

65 

50 
60 

65 


196 

960 

280 

800 

910 

800 
840 

910 


910 

910 


14 

10 
10 

16 

14 
16 

14 

14 

14 

14 


90 

90 

90 

60 

70 

70 
70 

50 


Road Surface
 

Asphalt Bitumen Gravel Earth
 
Vehicle Lifelmreters (000)
 

176.4 166.6 137.2 
864.0 816.0 672.0 
238.0 224.0 168.0 
640.0 600.0 400.0 
819.0 773.5 637.0 
720.0 680.0 560.0 
672.0 630.0 420.0 

728.0 682.5 455.0 

728.0 682.5 455.0 

728.0 682.5 455.0 

Vehicle Life-Years
 

12.6 

9.0 
8.5 


12.8 

12.6 

14.4 

11.2 

11.2 

11.2 

11.2 


Operating 

80 

80 

80 

55 

64 

64 
64 

45 


11.9 9.8 
8.5 7.0 
8.0 6.0 

12.0 8.0 
11.9 9.8 
13.6 11.2 
10.5 7.0 

10.5 7.0 

10.5 7.0 

10.5 7.0 

Speeds-Kph 

68 40 
68 40 
68 40 
50 25 
55 30 
55 30 
55 30 

36 20 
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Table 6.7 (Continued) 

SULWY OF VHICLE OPERATING PARMETES 

Annual Road Surface 

Type of Vehicle 

Tractor/Seni-trailer 
(3+2) 

Tractor Truck &
 
Trailer (2+3) 

Passenger Car 

Taxi 

Pickup 

Bus 

Microbus 

2 Axle Truck 

3 Axle Truck 

Tractor/Semi-trailer 

(2+2) 
Tractor/Semi-trailer 

(3+2) 

Tractor Truck & 
Trailer (2+3) 


Passenger Car 
Taxi 
Pickup 
Bus 
Microbus 
2 Axle Truck 
3 Axle Truck 
Tractor/Sem-i- trailer 

(2+2) 

Tractor/Semi-trailer
 

(3+2) 

Tractor Truck &
 
Trailer (2+3) 


Travel 
(000) Kms 

65 

65 

14 

96 

28 

50 

65 

50 

60 


65 

65 


65 


14 
96 

28 

50 

65 

50 

60 


65 


65 


65 


Asphalt Bitumen Gravel Earth
 
Operating Speeds-Kph (Contifnued)
 

50 45 36 20
 

50 45 36 20
 

Overall Travel Speeds-Kph 

56 48 46 30 
56 48 46 30 
56 48 46 30 
40 36 30 25 
40 38 35 30 
40 38 35 25 
40 38 35 25 

32 25 22 20 

32 25 22 20 

32 25 22 20 

Vehicle Usage-Hours/Day 
1 

0.86 1.00 1.04 1.60 
5.87 6.85 7.15 10.96
 
1.71 2.00 2.08 3.20
 
4.28 4.76 5.71 6.85
 
5.57 5.86 6.36 7.42
 
4.28 4.51 4.89 6.85
 
5.14 5.41 5.87 8.22
 

6.96 8.90 10.12 11.13
 

6.96 8.90 10.12 11.13
 

6.96 8.90 10.12 11.13
 

Sources: Tables 6.3,6,4, 6.5, and 6.6.
 

Calculation based on overall travel speed and 292 working days/year
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Administrative overhead cost and profit components 
are not
 
included in this study. Commerical operators, being mainly

owner/drivers, have very few overhead costs (no garages are
 
used for example), and profits are included in the driver's
 
salary component. The Consultants' 0 & D surveys indicated that
 
only 5 percent of the total commercial vehicles (excluding
 
pickups) belonged to the Government and approximately 90 per
cent of the commerical fleet is registered as public 
common
 
carriers. Common carrier vehicles are owned by private individ
uals and are subject to Government regulation in respect to
 
licen.sing and freight rates. In any case, overhead and profit
 
compenents cannot be estimated since they vary widely according
 
to the period of the year, to the type of vehicle operator, to
 
the location, and many other factors. Further, no records are
 
kept for administrative overhead and profit parameters 
- ex
cluding the few organized firms, which represent less than 5 
Dercent of the total commercial vehicle fleet. Appendix 6.1 of 
the Final Phase I Report contains details of the development
 
of the basic operating cost elements.
 

6.5 COST/SPEED RELATIONSHIPS
 

In Phase I the cost/speed relationships in 1979 prices were
 
developed for the previously itemized operating parameters. To
 
the greatest extent possible, actual data collected as well as
 
knowledgeable opinions obtained during personal interviews 
were
 
used. Necessary assumptions, as noted, were used to complete
 
the estimates. The estimates and the met.odology used to devise
 
them are presented i.n the fiist part of this section. These
 
costs were subsequently updated to May 1980 prices. These
 
revised costs, which are presented at the end of this section,
 
were used to develop the investment plans recommended in this
 
report.
 

Motor Fuel
 

Gasoline Fuel
 

For passenger cars and pickup light trucks, no systematic data
 
for Syria are available for flat, paved, tangent operations at
 
constant speeds. The Consultants' Fleet Operator Survey pro
duced limited information on kilometerage travelled per liter
 
of fuel. The only available data are the manufacturers' test
 
data. These cannot be used because the tests were performed

outside Syria. Previous studies of this nature in Syria quoted

(and adjusted) consumption figures from other sources, such as
 
DeWeille or Winfrey.
 

Under these circumstances, the Consultants used primarily

DeWeille and Winfrey relationships as well as data from other
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countries with similar geographic and driving characteristics.
 
From DeWeille, fuel consumption data are available for flat,
 
paved, tangent conditions at constant speed for the average
 
European and American car. A linear relationship was assumed
 
between displacement and fuel consumption for light cars with
 
different displacements. Thus, fuel consumption at a constant
 
speed of 80 kilometers per hour was plotted for DeWeille's
 
light vehicles, and using the assumption of linearity stated
 
above and DeWeille's conversion factors for differences in
 
ga 9line fuel consumption at different constant speeds, these
 
conversion factors were applied to the considered vehicles. The
 
pickup light truck gasoline consumption is based on the De-

Weille Truck I increased by approximately 0.05 percent to
 
reflect the greater engine displacement of the light pickup
 
compared with the DeWeille vehicle.
 

For the purposes of calculating base vehicle operating costs
 
for flat, paved, tangent roads with unrestricted traffic, the
 
following "benchmark speeds" were utilized:
 

- passenger car, taxi, and pickup: 80 kilometers per hour
 
- buses and trucks: 72 kilometers per hour
 

The gasoline consumption rates adopted are shown in Table 6.8.
 
The fuel consumption factors at constant speeds on flat, paved,
 
tangent roads are presented in Table 6.9.
 

Diesel Fuel
 

The fuel cost per kilometer, obtained by dividing the price per
 
liter by the estimated kilometers per liter approximate to the
 
vehicle, is a major item of running cost, generally comprising
 
between 25 and 30 percent of the total.
 

Major factors determining fuel consumption are the weight, type
 
and class of vehicle, and its age and condition. Thus a 19-ton
 
truck/trailer may use up to 100 percent more fuel than a vehi
cle one-third its size, and when the truck is overloaded, the
 
fuel consumption will automatically rise. Again, heavier bodies
 
and nonstandard vehicles can change the fuel consumption
 
figures. Interviews with operators in Syria also indicate in
creases in fuel consumption of as much as one-third as vehicles
 
get older, depending on how well they are maintained.
 

The Fleet Operator Survey carried out by the Consultants re
sulted in wide-ranging estimates of kilometerage travelled per
 
liter of fuel. Again, no systematic data for Syria are avail
able for flat, paved, tangent operation at constant speed. Two
 
international sources were utilized as the basis for fuel con
sumption estimates for trucks. From DeWeille, fuel consumption
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Table 6.8 

4 OGASOLINE AND DIESEL OXNSU 

VEHICLES 0. Z , 

TANGENT, PAVED ROAD 

Fuel consuaption 
Fuel Speed in Liters Per 

Vehicle Type and Category T (kph) 1,000 Kms 

G 80 68.3Private Pass. Car 4 Cyl. 1698OC 

" 6 Cyl. 19980C G 80 91.7 

I 8 cyl. 4218CC G 80 116.7 

G 80 149.0
Pickup 4 Cyl. 1587CC 


D 72 289.7
Bus 6 Cyl. 8720CC 


D 72 204.1
Microbus 4 Cyl. 4561CC 


D 72 232.9
2 Axle Trock 8 Cyl. 12760CC 


268.4
3 Axle Truck 10 Cyl. 15950CC D 72 


4 Axle Tractor 10 Cyl.

Semi-trailer 1590CC D 72 324.0
 

5 Axle Tractor 10 Cyl.
 
D 72 302.0
Semi-trailer 159500C 


5 Axle Tractor 8 Cyl. 
D 72 326.0
Truck+Trailer 12760CC 


Source: Gasoline-powered vehicles - interpolated fram DeWeille; 

low speed consumption from Winfrey. 
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Table 6.9
 

FUEL CONSUMPTION FACTORS AT ONSTANT
 

JPEEDS C_ FLAT PAVED TANGEEN 

Speed Passenger Pickup Diesel Truck 

(kph)l Car Taxi Truck and Bus 

32 .95 .9W .81 1.08
 

40 .87 .87 .77 .96
 

48 .84 .84 .77 .90
 

56 .85 .85 .79 .90
 

64 .89 .89 .83 .93
 

72 .91 .93 .90 1.001
 

80 1.001 1.001 1.001 1.11
 

88 1.11 1.07 1.14 1.29
 

96 1.20 1.14 1.33 1.44
 

104 1.36 1.24 1.63 

112 1.60 1.40 2.01
 

Source: Consultants' estimates derived from DeWeille.
 

Benchmark speeds.
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data are available for flat, paved, tangent operation at con

stant speed for an 18-ton capacity diesel truck. From Wehner,
 

similar data are available for a 3.5-ton capacity diesel truck.
 

Fuel consumption at a constant speed of 72 kilometers per hour
 

as plotted for these two trucks, and according to Wehner's
 

rsearch, a linear relationship was assumed between capacity
 

and fuel consumption for trucks with different capacities.
 
has shown that for diesel trucks, fuel con(Wehner's research 


sumption has ;n approximate linear correlation with gross
 
weight and gross weight closely correlated,
weight.) With tare 


fuel consumption can be assumed to have the same correlation
 
with carrying capacity.
 

Isinq the assumption of linearity stated above and DeWeille's
 

conversion factors of differences in diesel fuel consumption at
 

different cor._ nt speeds, these conversion factors were
 

applied to all d esel trucks.
 

The diesel consumption rates adopted are shown in Table 6.8 and
 
tanthe diesel consumption factors at constant speeds on flat, 


tlent roads are indicated in Table 6.9.
 

Engine Oil
 

Engine oil, as already noted, i - one of the least significant 

costs of vehicle operation. FoL estimating jurposes, the iT st 

straightforward assumption is that the oil in each vehicle 

type, when operated on asphalt and non-asphalt surfaces,
 

irrespective of speed, will be changed as indicated below.
 

VehicleType Surface Type
 
Paved Non-Paved
 

Kilometers Kilometers
 

4-cylinder 2,000 1,200
 

6-cylinder 2,000 1,200
 
1,500
8-cylinder 2,500 


Pickup 2,500 1,500
 

Bus 4,500 2,500
 
2,000
Microbus 3,500 

2,500
2-axle truck 4,300 


3-axle truck 5,000 3,000
 
3,000
4-axle truck semitrailer 5,000 


5-axle truck semitrailer 5,000 3,000
 
5-axle truck + trailer 4,500 2,500
 

The economic and financial cost of an engine oil change for the
 

reference vehicles is (in Syrian pounds):
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Economic 	 Financial
 

4-cyl. pass. car 
 16.16 22.05
 
6-cyl. pass car 21.62 29.61
 
8-cyl. pass. car 21.62 29 61
 
Pickup 	 17.94 
 24.57
 
Bus 	 68.96 87.20
 
Micrcbus 	 31.28 42.84
 
2-axle truck 	 73.27 
 92.65
 
3-axle trutk 89.65 
 113.36
 
4-axle 	truck
 
semitrailer 89.65 
 113.36
 

5-axle truck
 
semitrailer 
 89.65 113.36
 

5-axle truck + trailer 73.27 92.65
 

Engine oil consumption costs in piasters per kilometer for the
 
analyzed vehicles are shown in the Summary tables, and
 
consumption costs in piasters per kilometer are tabulated in
 
Table 6.10.
 

Tires and Tubes
 

Tire costs are another of the more evident out-of-pocket costs

for highway vehicle users, and there are, therefore, relatively

good statistics on the cost of tire use. The normal way of
 
reporting tire use is the number of kilometers that a typical

tire can endure under normal operating conditions. Average tire
 
life is, of course, significantly less than tire life would be
 
under ideal conditions, since a major part of tire wear comes
 
from slowing down and stopping or turning corners.
 

With re:spect to tire consumption, since no basic controlled
 
research data were available in Syria, the values derived by

DeWeille, as presented in Table 6.11, were considered for the
 
base vehicle operating costs.
 

The Consultants' Fleet Operator Survey produced 
a wide variety

of data as far as tire consumption is concerned. Unfortunately,
 
no use of these collected data could be made because the large

majority of the domestic truckers overload their vehicles;
 
thus, the reported tire consumption figures are distorted. It
 
was also found that recapping is not a common practice among

the truckers. Therefore, as mentioned above, under these cir
cumstances, the DeWeille values were considered for this analy
sis. The truck values were then interpolated for the range of
 
heavy vehicles under consideration. Table 6.11 give- tire 
con
sumption factors for different constant speeds.
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Tablei 6.10
 

ENGIjE OIL CONSUMNY'TON COSTS
 
" ip~asrers- m)
 

Surface
 

Paved Unp. ,-A 

Vehicle Type Economic Financial Economic Financial 

4 Cyl. Passenger Car 0.008 0.011 0.013 0.018 

6 Cyl. Pass. Car & Taxi 0.010 0.015 0.018 0.025 

8 Cyl. Passenger Car 0.009 0.012 0.014 0.020 

Pickup 0. 007 0. 009 0.012 0.016 

Bus 0.015 0.019 0.028 0.035 

MI.c'Mbus 0.009 0.012 0. 016 0.021 

2 Axle Truck 0.016 0.021 0.029 0.037 

3 Axle Truck 0.018 0.023 0.030 0.038 

4 Axle Trk. Semi-trailer 0.018 0.023 0.030 0.038 

5 Axle Trk. Seni-trailer 0.018 0.023 0.030 0.038 

5 Axle Truck+Trailer 0.016 0.021 0.029 0.037 

Source: Table 6.9. 

Table 6.11 

TIRE CONSUMPTION FACTORS
 

Tire Consumption Per
 

Vehicle Type Speed, Kph Tire in % per 10.0 Km
 

Passenger Car,
 
4 tires 80 0.175
 

I.Q1 ton truck, 
4 tires 80 0.153
 

3.5 	ton truck,
 
6 tires 72 0.130
 

15.0 	ton truck,
 
14 tires 72 0.088
 

18.6 	ton truck,
 
18 tires 72 0.091
 

Source: DeWeille, p.20.
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Table 6.12 presents the interpolated tire consumption per tire
 
per 100 kilometers value for the vehicles of this study. The
 
financial and economic tire costs are in Table 6.13.
 

Table 6.14 presents DeWeille tire consumption factors at con
stait speeds on flat, paved, tangent roads. These factors were
 
applied to the financial and economic tire consumption costs
 
(Table 6.13).
 

Vehicle Maintenance (Parts and Labor)
 

The most uncertain of the cost items is maintenance and repair.

Import figures for spare parts also include spare parts for
 
vehicles damaged in accidents. The usage of second-hand parts

is common. Part of the maintenance is performed by the owner/

driver during waiting time. Repair bills do not normally spe
cify parts and labor. The owner of the car usually negotiates a
 
fixed price for the repair with the shop owner. Imported spare
 
parts are very expensive in Syria due to the duties imposed
 
upon entry. Associated with the widely apparent tendency to
 
under-service is the number of operators who keep only rudimen
tary records of their running costs. As a result, there is a
 
paucity of information on the current level of maintenance
 
expenditures, which is particularly unfortunate in view of the
 
wiT ,lyvarying cost situations that appear to exist.
 

Maintenance and repair costs were calculated using basic fac
tors for both parts and labor as developed by DeWeille. The
 
maintenance costs of both the passenger and the taxi
car were
 
based on the DeWeille passenger car; the pickup light truck was
 
based on DeWeille Truck I; and all other diesel vehicles were
 
based on the DeWeille IV category. An average hourly mechanic's
 
rate of SP 9.10 (financial) and SP 8.40 (economic) were used in
 
the subsequent calculations.
 

The cesults of the maintenance and repair costs are presented

in Table 6.15. The maintenance and repair consumption factors
 
at constant speeds are shown in Table 6.16.
 

Depreciation
 

Depreciation was considered invariant with speed and to be
 
based on total vehicle life in kilometers. The value to be
 
depreciated is the cost of the new vehicle less the cost of
 
tires and residual value. The depreciation value- shown in
 
Table 6.17 divided by the vehicle life kilometerag estimated
 
in Table 6.18 give the depreciation costs presented in the
 
summary tables in this chapter.
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Table 6.12
 

PER 100 KILOMETERS
TIRE CONSUMPTION FACTORS 


Tire Consumption Per
 

in % per 100 Kms.
Speed, Kph Tire

Vehicle Type 


Passenger Car, 4
 
0.175
80
tires & Taxi 


0.120

Pickup, 4 tires 	 80 


72 
 0.108

Bus, 6 tires 


72 
 0.124
Microbus, 6 tires 


2 Axle Truck,
 
0.100
72
6 tires 


3 Axle Truck,
 
0.087
72
10 tires 


4 Axle Truck,
 
0.108
Semi-trailer, 14 tires 72 


5 Axle Tractor,
 
0.104
Semi-trAiler, 18 tires 72 


5 Axle Truck & Full
 
0.108
72
Trailer, 13 tires 


Source: Table 6.11
 

Table 6.13
 

TIRE CONSUMPTION COST
 

(sp/km)
 
Cost
 

Financial 
 Economic
 
Vehicle Type 


0.014
0.018
rrivate Passenger Car & Taxi 

0.010
0.013
Pickup 

0.094
0.120
*us 

0.016
0.020
Microbus 

0.120
0.152
2 Axle Truck 

0.179
0.228
3 Axle Truck 

0.3C6
0.388
Axle Tractor Semi-trailer 

0.380
0.483
5 Axle Tractor Semi-trailer 

0.389
0.494
Truck & Fu 1 Trailer
5 Axle 


Source: Table 6.12
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Table 6. 14
 

TIRE CONSUMPTION FACTORS AT CONSTANT SPEEDS
 

ON FLAT.PAVED.TANGENT ROADS
 

Passenger Car Heavy Trucks 

Speed, Kph and Pickup and Buses 

16 .17 .17 

24 .23 .24 

32 .31 .33 

40 .41 .44 

48 .50 .55 

56 .61 .68 

64 .74 .83 

72 .86 1.001 

80 1.00 1 1.20 

88 1.17 1.44 

96 1.36 1.74 

104 1.59 -

112 1.87 

Source: DeWeille, p. 2 0 .
 

Benchmark speeds.
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Table 6.15
 

MAINTENANCE AND REPAIR COSTS
 

(SP PER VEH-KM AT BENCHMARK SPEEDS)
 

Veh. Maintenance, SP/Veh. Km.
 

Speed Financial Economic
 
Parts Labor Total
Vehicle Type Kph Parts Labor Total 


80 0.09 0.01 0.10 0.03 0.01 0.04
4 Cyl. Pass. Car 


80 0.07 0.01 0.08 0.02 0.01 0.03
6 Cyl. " 

80 0.14 0.01 0.15 0.05 0.01 0.06

9 Cyl. 

80 0.07 0.01 0.08 0.02 0.01 0.03

Taxi 


Pickup 80 0.03 0.01 0.04 0.02 0.01 0.03
 

72 0.23 0.03 0.26 0.20 0.02 0.22
Bus 


Microbus 72 0.08 0.03 0.11 0.07 0.02 0.09
 

0.14 0.09 0.03 0.12
2 axle Truck 72 0.11 0.03 


3 axle Truck 72 0.15 0.03 0.18 0.13 0.02 0.15
 

0.15 0.03 0.18

4 axle Coinb. (2+2) 72 0.18 0.03 0.21 


0.18 0.03 0.21
5 axle Comb. (3+2) 72 0.23 0.03 0.26 


5 axle Comb. Trk. +
 
0.15 0.11 0.03 0.14
Full Trailer (2+3) 72 0.12 0.03 


6.1-6 and Table 6.1-7 of the Final Phase I
Source: Appendix Table 


Report.
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Table 6.16
 

MAINTENANCE AND REPAIR CONSUMPTION FACTORS
 
AT CONSTANT SPEEDS ON FLAT, TANGENT ROADS 

Speed Passenger Cars, Taxi, P/U All Other Vehicles
 
Kph Parts Labor Parts Labor
 

16 .64 .63 .71 .63
 

24 .64 .68 .71 .66
 

32 .73 .73 .86 .69
 

40 .73 .76 .86 .74
 

48 .82 .80 .86 .79
 

56 .82 .85 1.00 .85
 

64 .91 .89 1.00 .92
 

.91 .95 1.001 1.001
72 


80 1.001 1.001 1.14 1.08
 

88 1.00 1.06 1.29 1.16
 

96 1.09 1.11 1.43 1.25 

104 1.09 1.18 - 

112 1.27 1.26 

Source: DeWeille, p. 23.
 

Benchmark speeds.
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808 

Table 6.17
 

CALCULATION OF DEPRECIATION BASES
 

New Vehicle 


Less Tires 


Value Less Tires 


Residual Value 10% 


DEPRECIATION BASE 


New Vehicle 

Less Tires 


.alue Less Tires 


Residual Value 10% 


DEPRECIATION BASE 


New Vehicle 


Less Tires 


Value Less Tires 


Residual Value 10% 


DEPRECIATION BASE 


(SP)
 

a Cyl.
4 Cyl. 6 Cyl. 


Pass, Car Pass, Car Pass. Car
 

E F E
F E F 


31,975 77,200 32,800 146,300 47,700
99,725 


1,024 808 1,024 808 1,024 


31,992 145,276 46,892
98,701 31,167 76,176 


3,199 14,528 4,689
9,870 3,117 7,618 


68,558 28,793 130,748 42,203
88,831 28,050 


Taxi Pickup Bus 

F E F E F E 

77,200 32,800 29,550 26,050 368,400 329,600 

1,024 808 1,084 852 11,100 8,742 

76,176 31,992 28,466 25,198 357,300 320,858 

7,618 3,199 2,847 2,520 35,730 32,086 

68,558 23,793 25,619 22,678 321,570 288,772 

3 Axle
 

Microbus Truck Truck
 

F E F E F E
 

2 Axle 


121,900 109,400 188,300 164,800 251,950 221,450
 

1,626 1,278 15,240 12,006 15,690 12,360
 

209,090
120,274 108,122 173,060 152,794 236,260 


12,027 10,812 17,306 15,279 23,626 20,909
 

137,515 212,634 188,181
108,247 97,310 155,754 
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Table 6.17 (Continued)
 

CALCULATION OF DEPRECIATION BASES
 

(SP) 

4 axle 5 axle 5 axle
 

Tractor Tractor Truck +
 
Semi-trailer Semi-trailer Full Trailer
 

F E F E F E
 

New Vehicle1 329,400 266,460 404,300 327,080 233,300 205,840
 

Less Tires 2 46,170 36,372 46,470 36,308 45,720 36,018
 

Vaiue Less Tires 283,230 230,088 357,830 290,472 187,580 169,822
 

Residual Value 1C% 28,323 23,009 35,783 29,047 18,758 16,982
 

DEPRECIATION BASE 254,907 207,079 322,047 261,425 168,822 154,840
 

Source: Appendix Tables 6.1-5, 6.1-8, and 6.1-15 of the Final Phase I 
Report. 

Note: F = Financial; E = Economic 

1 Includes price of semi-trailer with 8 tires
 

2 Includes price of full trailer with 12 tires.
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Table 6.18 

ANNUAL TRAVEL AT DIFFERENT SPEEDS F 

ALLOCATION OF FIXED ANNUAL CHARGES
 

(annual kilometers)
 

2-Axle 3-Axle More than 4
Speed 

(kph) Passenger Car Taxi Pickup Bus ?licrobus Truck Truck Axle Trucks
 

32 12,500 85,713 25,000 47,500 61,750 47,500 57,000 65,000 

40 13,000 89,142 26,000 50,000 65,000 50,000 60,000 69,063 

48 13,500 92,571 27,000 52,500 68,250 52,500 63,000 73,126 

56 14,0001 96,000 28,000 55,000 71,500 55,000 66,000 77,189 

81,252
64 14,500 99,429 29,000 57,500 74,750 57,500 69,000 

72 15,000 102,858 30,000 60,000 78,000 60,000 72,000 85,315 

80 15,500 106,287 31,000 62,500 81,250 62,500 75,000 89,378 

88 16,000 109,716 32,000 65,000 84,500 65,000 78,000 93,441 

96 16,500 113,145 33,000 67,500 87,750 67,500 81,000 97,504 

104 17,000 116,574 34,000 70,000 91,000 70,000 84,000 101,567
 

112 17,500 120,003 35,000 72,500 94,250 72,500 87,000 105,630
 

Source: Consultants' estimates.
 

1 Basic reference point.
 



Interest/Fixed Annual Costs
 

The foregoing costs (except for depreciation) have been devel
oped for each speed. The group of costs considered in this and
 
subsequent sections, namely, interest, insurance, 
vehicle road
 
fees, and driver salary costs, are basically annual allocable
 
costs and could be considered invariant; that is, given the
 
annual kilometers and the annual cost, a single cost per kilo
meter could be developed applicable at all speed levels. A more
 
common, but not necessarily accurate, assumption is that these
 
annual charges decrease on a per kilometer basis with increas
ing speed, since at the higher speed levels the vehicle is
 
likely to travel more kilometers per year. To account for this
 
possibility, it has been assumed that 25 
percent of the addi
tional travel possible at speeds above the overall travel
 
speeds on paved roads will actually be used for economic pur
poses. As an example, if a passenger car travels 14,000 kilo
meters at an overall travel speed of 56 kilometers per hour,

the possible travel at 64 kilometers per hours is 64/56 

14,000, or 15,960 kilometers. Therefore, for allocation
 
purposes, 25 percent of the increased kilometerage will be
 
added to the basic kilometers to determine cost/kilometer. It
 
should he noted that at a given speed level these annual allo
cable costs are the same for each 
road surface; the reason for
 
this assumption is to avoid prejudicing the evaluations on the
 
basis of arbitrary allocations of what are, in reality, annual
 
fixed charges. Table 6.18 shows the annual 
travel kilometers
 
used to estimate cost/kilometer of the annual charges 
at
 
different speed levels.
 

In computing interest charge, a 12 percent interest charge was
 
used and applied against half of the purchase value of the
 
vehicle, the average amount of funds outstanding over the life
 
of the vehicle. The annual interest charges divided by the
 
kilometers of travel (Table 6.18) give the interest charges
 
shown in the summary tables. Tires are a capital cost, and
 
interest cost is definitely as applicable to them as to the
 
motor vehicle itself.
 

Insurance
 

In these estimates, it has been assumed that compulsory

insurance would be carried 
on each of the reference vehicles
 
plus a specified percentage for comprehensive and third part
 
coverages.
 

Annual Vehicle Road Taxes
 

The same rationale used for interest, insurance, etc., applies
 
to the vehicle registration fees. It should be noted that the
 
vehicle registration fees are not an economic cost but solely a
 
financial cost to vehicle owners.
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Annual Transport Fees - Commercial Vehicles
 

The same rationale used for the annual vehicle road taxes
 

applies to the annual transport fees. These fees are not an 

a financial cost to commercial vehicle
economic cost but solely 

operators.
 

Mid-1980 Vehicle Operating Costs
 

1979 operating costs
 
The Consultants have updated the vehicle 


to mid-1980 price levels. All operating cost components were
 

tax structure of those components. The
 evaluated along with the 

and economic growth fac

resulting analyses are the financial 


tors for each vehicle operating cost component, as shown in
 

Table 6.19.
 

The most striking increases occurred in the motor fuels and CIF
 

vehicle prices (and consequently in depreciation, interest, and
 

The tax and duty structure remained unchanged.
maintenance). 


6.21 present the economic and financial vehicle
Tables 6.20 and 

on 	 roads and at
 

operating cost by type of vehicle asphalt 


on the basis of 80 kilometers per hour

benchmark speeds; i.e., 


trucks,
and 72 kilometers per hour for

for passenger vehicles 


buses and combination vehicles, the percentage increases over
 

the 1979 price levels are shown.
 

The mid-1980 economic direct operating costs on 	asphalt roads,
 

shown in Table
 
at benchmark speeds, and 	by vehicle category are 


weighted averages of the direct operating costs for
 
6.22. 	The 


trucks, and combination vehicles are
 
passenger cars, buses, 

also shown in the same table.
 

1980 	 total cost be-

Table 6.23 indicates the economic running 


as well as the total cost per
fore depreciation and interest 

vehicle types


vehicle-kilometer on asphalt roads for all the 


this study. Weighted averages are also shown in the

analyzed in 


same table.
 

the Final Phase I Report, the Consultants

In Appendix 6.2 of 


presented a comparison of vehicle financial operating costs and
 

analysis showed costs exceeding
1979 This
tariffs at prices. 

trucks,


tariffs for all categories of trucks, except the 3-axle 


with tariff increases of 
from 15 percent to 64 percent required
 

By mid-1980, with the substantial increase in
 to cover costs. 

the situation had worsened. All trucks
vehicle operating costs, 


followed, and the
 were operating at a deficit if the rules were 


percentage increases in tariffs required ranged from 25 percent
 

for the 3-axle truck to 75 percent for the 2-axle truck. A
 

buses taxis, although, as

similar situation applied to and 
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Table 6. 19 

FINANCIAL AND ECONOMIC VOC COMPONENT GROWT'I FACTORS OVER 6/1979 PRICE LEVELS 
basel on aspha lt roads) 

Vehicle Type Motor Fuel Engine Oil Tires Maintenance Insurance 
F. E. F. E. F. E. F. E. F. E. 

Pass. Car 4 cyl. 2.22 2.51 1.27 1.37 1.11 1.11 1.40 1.41 1.45 1.45 
Pass. Car 6 cyl. 2.22 2.51 1.27 1.37 1.11 1.11 1.35 1.32 1.35 1.33 
Pass. Car 8 cyl. 2.22 2.51 1.27 1.37 1.11 1.11 1.43 1.44 1.43 1.41 
Taxi 6 cyl. 2.22 2.51 1.27 1.37 1.11 1.11 1.35 1.32 1.33 1.33 
Pickup 2.22 2.51 1.27 1.37 1.11 1.10 1.30 1.27 1.33 1.32 
Bus 2.00 1.36 1.38 1.48 1.07 1.07 1.61 1.63 1.62 1.60 
Microbus Body 
2 axle truck 

2.00 
2.00 

1.36 
1.36 

1.38 
1.38 

1.48 
1.48 

1.07 
1.07 

1.07 
1.07 

1.26 
1.35 

1.28 
1.37 

1.20 
1.37 

1.19
1.37 

3 axle truck 2.00 1.36 1.38 1.48 1.07 1.07 1.38 1.40 1.45 1.44 

4 	axle truck Trailer 2.00 1.36 1.38 1.48 1.07 1.07 1.46 1.45 2.06 2.04 
5 axle Comb. Trailer 2.00 1.36 1.38 1.48 1.07 1.07 1.30 1.30 1.31 1.30
 

5 	axle truck and
 

Full Trailer 2.00 1.36 1.38 
 1.48 1.07 1.07 1.34 i.36 1.36 
 1.34
 

Source: Consultants' estimates based on various domestic and overseas 
interviews.
 

F 	= Financial, E = Economic 



Table 6.19 (Continued)
 

FINANCIAL AND ECONOMIC VOC COMPONENT GROWTII FACTORS OVER 6/1979 PRICE LEVELS 
(based on asphalt roads) 

Vehicle Type Depreciation 

F. E. 

Wages 

F. E. 

InteresL 

F. E. 

Fees & Road 
Taxis 

F. 

Vehicle 

F. 

Prices 

E. 

L 

Pass. Car 4 cyl. 

Pass. Car 6 cyl. 

Pass. Car 8 cyl. 

Taxi 6 cyl. 

Pickup 

Bus 

Microbus 

Body 

2 axle truck 

3 axle truck 

4 axle truck 

Trailer 

5 axle Comb. 

Trailer 

5 axle truck + 

Full Trailer 

1.41 

1.34 

1.43 

1.35 

1.31 

1.66 

1.27 

1.37 

1.41 

1.49 

1.30 

1.37 

1.44 

1.36 

1.46 

1.37 

1.32 

1.68 

1.27 

1.39 

1.43 

1.48 

1.30 

1.38 

-

-

-

1.25 

1.25 

1.25 

1.25 

1.25 

1.z5 

1.25 

1.25 

1.25 

-

-

-

1.32 

1.24 

1.28 

1.27 

1.24 

1.27 

1.27 

1.27 

1.27 

1.41 

1.34 

1.43 

1.33 

1.30 

1.66 

1.28 

1.37 

1.41 

1.49 

1.31 

1.37 

1.44 

1.36 

1.46 

1.38 

1.32 

1.68 

1.27 

1.38 

1.43 

1.48 

1.30 

1.38 

-

-

-

-

-

-

-

-

-

-

-

-

1.41 

1.34 

1.43 

1.34 

1.29 

1.64 

1.34 

1.15 

1.35 

1.43 

1.45 

1.15 

1.30 

1.15 

1.35 

1.16 

1.44 

1.35 

1.45 

1.35 

1.31 

1.66 

1.35 

1.15 

1.37 

1.45 

1.45 

1.15 

1.30 

1.15 

1.37 

1.16 

Source: Consultants' estimates based on various domestic and overseas interviews. 

F = Financial, E = Economic 



Table 6. 2(0
 

ECONOMIC VEHICLE OPERATING COST JUNE 1980 PRICE LEVELS, S11 VEIL.-KM
 
ASPHALT ROADS, AT BENCHMARK SPEEDS 

Vehicle Motor Engine Tires Minten- Insur- Interest Depreci- Driver Total Increase from 
Type Fuel Oil & Tubes ance ance ation Wages 6/1'979 Prices 

Pass. Car 

4 cyl. 126 011 016 052 152 157 207 - 721 1.55 

Pass. Car 

6 cyl. 168 014 016 050 121 152 200 721 1.51 

Pass. Car 

8 cyl. 213 012 016 075 193 238 314 - 1.061 1.57 

Weighted 
Average: 
Taxi 6 cyl. 

159 
168 

013 
014 

016 
016 

055 
050 

144 
024 

168 
022 

221 
041 

-
198 

776 
533 

1.54 
1.55 

Pickup 271 010 011 046 049 058 107 365 917 1.49 

Bus Regular 276 022 101 377 130 486 606 558 2.556 1.50 
Microbus 194 013 017 124 029 095 136 297 905 1.28 

2 axle 
truck 222 024 128 171 048 190 239 236 1.258 1.31 

3 axle 
truck 256 027 192 225 046 225 284 235 1.490 1.30 

4 axle 
truck 309 027 327 252 075 216 290 564 2.060 1.30 

5 axle 
omrb. 288 027 407 276 056 239 364 564 2.221 1.25 

5 axle Truck 
Trailer 311 024 416 185 038 149 213 564 1.900 1.25 

Source: 1979 VOCs and Table 6.19. 



Table 6.21
 

FINANCIAL VEHICLE OPERATING COST JUN; 1930 l' ICE LEVELS, SP VEIl.-KM
 
ASPHALT ROADS, AT BENCHMtARK SPEEDS 

Vehicle Type Motor Engine Tires & Maintenance Insurance interest 
Fuel Oil Tubes 

Pass. Car 4 cyl. 136 014 020 146 161 485 

Pass. Car 6 cyl. 183 019 020 109 130 355 

Pass. Car 8 cyl. 235 015 020 215 207 724 

Weighted 
Average: 173 016 020 140 154 463 

Taxi 6 cyl. 183 019 020 109 025 052 

Pickup 299 011 014 052 052 065 

Bus Regular 144 026 128 414 138 535 

Microbus 102 017 022 136 031 106 

2 axle truck 116 029 163 177 051 214 

3 axle truck 134 032 244 250 048 250 

4 axle Comb. 162 032 415 307 080 267 

5 axle Comb. 152 032 517 334 060 296 

5 axle Truck 
Trailer 164 029 529 201 042 163 

Weighted 
Average: 160 032 457 305 073 266 

Source: VOCs and Table 6.19.
 



Table 6.21 (Continued) 

FINANCIAL VEHICLE OPERATING COST JUNE 1980 PRICE LEVELS, SP VE11.-KM 
ASPHALT ROADS, AT BENCII.tARK SPEEDS 

Vehicle Type Depreciation Road Taxes Driver Fees Total Increase from 
Wages June 1979 

Prices 

Pass. Car 4 cyl. 643 053 - - 1.658 1.44 
Pass. Car 6 cyl. 469 067 - - 1.352 1.39 
Pass. Car 8 cyl. 954 161 - - 2.531 1.44 

Weighted 
Average: 613 077 - - 1.656 1.42 
Taxi 6 cyl. 096 010 211 014 739 1.43 
Pickup 119 092 386 040 1.130 1.38 
Bus Regular
Microbus 

667 
151 

109 
045 

600 
314 

092 
028 

2.853 
952 

1.46 
1.28 

2 axle truck 267 079 250 033 1.379 1.30 
3 axle truck 357 083 250 053 1.701 1.31 
4 axle Comb. 417 070 615 045 2.410 1.33 
5 axle Comb. 460 070 615 045 2.581 1.25 
5 axle Truck Trailer 255 056 615 045 2.099 1,25 

Weighted Average 
Comb. Trucks: 415 069 615 045 2.437 1.31 

Source: 1979 VOCs and Table 6.19. 



Table 6.22
 

ECONOMIC DIRECT OPERATING COST JUNE 1980 PRICE LEVELS
 

SP VEH-KM, ASPHALT ROADS
 

Vehicle Type Motor Engine Tires Main- Driver Total 

Fuel Oil & Tubes tenance Wages DOC 

Pass. Car, 4 cyl. .127 .011 .016 .052 - .206 

Pass. Car, 6 cyl. .168 .014 .016 .050 - .248 

Pass. Car, 8 cyl. .215 .012 .016 .075 - .318 

Taxi, 6 cyl. .168 .014 .516 .050 .19F .446 

Pickup .273 .010 .011 .046 .365 .705 

Bus .276 .022 .101 .377 .576 1.352 

Microbus .194 .013 .018 .124 .295 .644 

2 axle truck .222 .024 .128 .171 .236 .781 

3 axle truck .256 .027 .192 .225 .235 .935 

4 axle truck .309 .027 .327 .252 .564 1.479 

5 axle truck .288 .027 .407 .276 .564 1 .562 

5 axle truck & 
full trailer .311 .024 .416 .185 .564 1.500 

Note: At benchmark speeds, light vehicles 80 kph, heavy vehicles 
72 kph. 

WEIGHTED AVERAGES 

Pass. cars .159 .013 .016 .055 - .243 

Buses .218 .016 .043 .200 .379 .856 

2 f 3 axle trucks .225 .024 .134 .176 .236 .795 

Combination trucks .305 .027 .350 .252 .564 1.498 

Source: Table 6.19. 
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Table 6.23
 

ECONOMIC TOTAL RUNNING COST BEFORE
 
DEPRECIATION & INTEREST AND TOTAL COST
 

JUNE 1980 PRICE LEVELS, SP VEH. -KM, ASPHALT ROADS
 

Vehicle Type Running 
Cost Depruciation Interest Total
 

Pass. car 4 cyl. .206 .207 .157 .570 

Pass. car 6 cyl. .248 .200 .152 .600 

Pass. car 8 cyl. .318 .314 .238 .870 

>axi 6 cyl. .446 .041 .022 .509 

:ickup .705 .107 .058 .870 

Bus 1.352 .606 .486 2.444 
Microbus .644 .136 .095 .875 

axle track .781 .239 .190 1.210 

'axle truck .935 .320 .225 1.480 

4 axle truck 1.479 .337 .216 2.032 

5 axle truck 1.562 .373 .239 2.174 

axle truck & 
full trailer 1.500 .232 .149 1.881 

WEIGHTED AVERAGES
 

Pass. cars .243 .205 .168 
 .616
 

Buses .856 .277 
 .212 1.345
 

+ 3 axle trucks .795 .246 .193 
 1.234
 

3 combination truck 1 .498 
 .337 .216 2.051 

Note: At benchmark speeds, light vehicles 80 kph, heavy vehicles 
.2 klh. 

Source; Tables 6.19 and 6.22. 
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noted, taxis often do not observe the approved tariffs. By 
mid-1980, on sample routes, weighted passenger revenues per 
kilometer were 33 percent of financial operating costs per 
passenger-kilometer for buses and 38 percent for microbuses. 
These apparent losses may be offset to some extent by un
official choices, overloading, and trips outside Syria. 

6.6 NETWORK LINK COSTS
 

The vehicle operating costs developed for free flowing traffic 
on level, tangent, paved road surfaces are converted to operat
inq costs for each link in the highway network through a 
procedure called "Delta L" analysis. The measured length of a 
link is "L" kilometers, to which is added a calculated "Delta 
L" kilometerage to obtain the estimated cost of vehicle 
operations given the actual physical description of the link 
and its traffic. The L + Delta L then becomes the effective 
link length for purposes of calculating vehicle operating cost 
under actual conditions or for a specified improvement in the 
link. If the actual link length is 30 kilometers and the 
calculated cost of operating a particular vehicle over this 
link is twice the cost of operating under free flow traffic 
conditions on a level, tangent, paved road, the L + Delta L for 
the link would be 30 kilometers + 30 kilometers = 60 kilo
mete rs. 

Once the effective link lengths (L + Delta L) have been com
puted, network operating costs can be computed as the product 
of the vehicle operating cost and the effective link length. 
While manual calculations are facilitated by this method, a 
particular advantage of the Delta L methodology is that it 
lends itself readily to computer operations, particularly -raf
fic assignment, wherein network impedences attributable to geo
metric or surface conditions and traffic interaction can be 
simulated by variations in link length.
 

Basic Considerations
 

A required prerequisite of the Delta L methodology (as well as
 
other techniques leading to the same result) is a highway in
ventory of sufficient detail to identify the major geometrical
 
features of the roads under consideration both in their exist
ing alignment and surface condition and the resultant condition
 
as these roads are improved, reconstructed, or replaced by an
 
altogether new alignment.
 

A considerable body of literature has been developed on vehicle
 
operating costs and, to a much lesser extent, on the effects of
 
both road geometrics and surface conditions on such costs. None
 
of the developed costs can be pure in the sense that no vehicle
 
spends its entire useful life in travel at constant speed on a
 
surface of known as well as describable condition. (Some ele
ments of operating costs, such as motor fuel consumption, can
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be more readily measured in controlled test situations than
 
cost items such as tire wear or vehicle maintenance.) A partic
ular problem is the differentiation between road surfaces of
 
similar characteristics, for example, a good earth road com
pared with a poor gravel surface.
 

Delta L Values to be Considered
 

As has been done in the development of basic vehicle operating
 
cost elements, the sources and assumptions associated with the
 
development of each Delta L factor are clearly set forth.
 

The vehicle operating costs used herein will be direct operat
ing costs - motor fuel, motor oil, tire wear, and maintenance.
 
Allocated costs, such as insurance, can be included if
 
considered necessary.
 

Factor costs will be developed to cover operating conditions
 
that are less than optimal. These include factors for the
 
following elements:
 

- surface type,
 
- surface condition,
 
- gradients (terrain),
 
- sharp curves,
 
- speed change cycles,
 
- value of passenger time,
 
- traffic interaction (traffic congestion).
 

The direct operating cost of two sample vehicles (pickup truck
 
and 5-axle tractor semitrailer), economic and financial, on
 
level, tangent, paved roads, was shown in Tables 6.33 and 6.34
 
of the Final Phase I Report.
 

Road Surface Type Surface Factor Costs
 

Factor costs for fuel by surface type are given in Table 6.24.
 
The factors are given by vehicle type for bitumen, gravel, and
 
earth roads. The factors for asphalt/concrete are set at a base
 
value of 100, and factors for bitumen, gravel, and earth roads
 
are given in terms of percentage increase from this base value.
 

Factors for earth and gravel costs are based on the values pre
sented by DeWeille. Factors for bitumen are estimated based on
 
the Consultants' evaluation of speed reduction from asphalt/
 
concrete roads and under the assumption that the increased cost
 
is proportional to the speed reduction.
 

For the fuel consumption cost component, DeWeille provides
 
basic surface type factor costs broken down by operating speeds
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Table 6.24
 

PERCENT INCREASE IN FUEL COST FROM
 

ASPHALT TO CONCRETE AT BENCHMARK SPEED
 

Asphalt Bitumen Gravel Earth

Vehicle Type 


144
107 122

Passenger Car 	 100 


100 109 
 128 156

Pickup Truck 


100 114 142 184

Public Bus 


100 113 138 176

Microbus 


146 100 115

2 Axle Truck 


-100 116 149 


4 Axle Tractor Semi-trailer 


3 Axle Truck 


100 119 156
 

5 Axle Comb. Tractor
 
153
100 118
Semi-trailer 


5 Axle Tractor Truck &
 
100 119 156
Full Trailer 


Source: Consultants' estimates 	and DeWeille.
 

Table 6.25
 

PERCENT INCREASE FROM ASPHALT TO CONCRETE
 

AT BENCHMARK SPEED, TIRES AND MAINTENANCE
 

Item 	 Asphalt Bitumen Gravel Earth
 
Vehicle Type 


100 133 200

Pass. Car & P/U Tires 350
 

100 133 200 450
 
Trucks 


Pass. Car & P/U Maintenance 	 100 110 130 190
 

100 117 
 150 250
 
Trucks 


Pass. Car & P/U Depreciation 	 100 113 130 180
 

100 117 150 250

Trucks 


DeWeille, Winfrey, Wehner Research Study and Consultants'
Source: 

estimates for bitumen roads.
 

than benchmark speeds, DeWeille's relationships
Note: For other 


were used - pages 20, 21, and 24.
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for a passenger car and an 18-ton diesel truck. DeWeille also
 
gives similar factors for a 3.5-ton gasoline truck and the
 
15-ton gasoline truck. With regard to trucks, to break these
 
factors down into the heavy diesel vehicle categories under
 
consideration in this study a two-step procedure was followed.
 
First, the factors for a hypothetical 3.5-ton diesel truck were
 
estimated by applying the ratio of the factor costs for the
 
3.5-ton gasoline truck and the 15-ton gasoline truck to the
 
actual factor costs [or the 18-ton diesel truck. This type of
 
ratio technique can be used to approximate the factor costs for
 
the diesel truck when no direct factor cost data are available.
 
In the absence of exact comparable data, it is assumed that
 
comparing a 15-ton gasoline truck and an 18-ton diesel truck
 
will give an order of magnitude accuracy that can be used in
 
highway feasibility studies. Second, the values for the hypo
thetical 3.5-ton diesel truck and the 18-ton diesel truck at
 
benchmark speeds were interpolated to give values for the range
 
of heavy vehicles under consideration in this study.
 

For the consumption components of tire wear, engine oil, and
 
maintenance, the effect of surface type on the percentage
 
increase in consumption is reported by DeWeille as fairly
 
constant regardless of truck size. Therefore, a factor was
 
employed as applicable to all trucks. Table 6.25 presents the
 
tire, maintenance, and depreciation percent increase from
 
asphalt concrete at benchmark speeds.
 

Surface Condition
 

Factor costs for surface condition are among the most difficult
 
to derive because of the high degree of subjectivity involved.
 
Unlike the other factor costs (grade, curvature, etc.), surface
 
condition cannot be defined in quantifiable terms without elab
orate and extensive instrumentation research. As a result, the
 
recommended surface condition factors should not be treated as
 
precise and rigorous values. Rather, they are intended to pro
vide an order of magnitude assessment of the impact of various
 
surface condition levels on vehicle operating costs. They
 
should be considered reasonable estimates for the purpose of
 
this study.
 

The adopted factor costs for surface condition are given in
 
Table 6.26, broken down into road condition categories of good,
 
fair, and poor for passenger cars and heavy vehicles.
 

An alternative approach that has been used to estimate surface
 
condition factors is to assume that a high-grade surface in
 
poor condition has the same impact on vehicle consumption costs
 
as a medium-grade surface in good condition. Utilizing values
 
derived in the Highway Engineering Handbook (K. Wood, McGraw
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Table 6.26
 

SURFACE CONDITION FACTURS
 

Passenger Cars
 

Fuel 


Engine Oil 


Tire 


Maintenance and Depreciation 


Trucks
 

Fuel 


Engine Oil 


Tire 


Maintenance and Depreciation 


Condition
 

aq." ZAL Poor 

100 112 122
 

100 140 190
 

100 180 280
 

100 113 140
 

100 112 131
 

100 115 135
 

100 117 137
 

100 114 135
 

Source: Highway Engineering Handbook (K. Wood, McGraw Hill, NY)
 

and Consultants' IBRD Yugoslavia study.
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Hill, N.Y.) and the World Bank financed Yugoslavia study
 
carried by the Consultants in 1975, the following average
 
surface condition factors were derived:
 

Surface Condition Factors
 
Good Fair Poor
 

Passenger car 100 113 130
 
Heavy truck 100 116 134
 

The results from the two methods are reasonably consistent.
 
However, the above set of factors is based on total vehicle
 
operating costs, i.e., vehicle consumption components and
 
vehicle time-related components. In order to convert these
 
factors into factors for only the operating components, the
 
individual cost factors of Table 6.26 must be utilized. For
 
purposes of relating surface condition to operating speeds, the
 
second methodology is satisfactory and has been used in the
 
Highway Speed Model for this purpose.
 

With respect to the application o- surface condition factors,
 
it should be stipulated that the surface condition of the
 
existing road and the proposed road must be treated as com
parable. This is because surface condition is primarily a
 
maintenance function rather than a capital investment function.
 
To compare the operating costs on an existing road with one
 
level of surface condition against the operating costs on a
 
proposed road with a different level of surface condition is to
 
confuse the maintenance function with the capital investment
 
program. To avoid this conceptual problem, the surface condi
tion of both existing roads and proposed roads is treated as
 
fair considered over the whole life of the proposed investment.
 
The costs of maintaining both roads in fair condition as traf
fic volumes increase are reflected in higher maintenance costs
 
over time.
 

DeWeille's factor values at different speeds were adopted in
 
this study. These values, which are presented in Table 6.27,
 
serve to adjust consumption costs for speeds other than the
 
benchmark speed.
 

Gradients (Terrain)
 

Tables 6.28 and 6.29 show the effects of terrain on direct
 
vehicle operating costs as prepared from the data of Winfrey.
 
Delta Ls for both plus and minus grades are shown. Also shown
 
is a combined Delta L, which represents one kilometer of plus
 
grade and one kilometer of minus grade of the same slope
 
characteristics.
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Table 6.2 7 

SPEED FACTORS AT CONSTANT SPEEDS
 

QQR SURFACE CONDITION
 

Trucks and Buses
Passenger Cars 

Tires
Tires 


Fuel Fair Poor Maintenance Fuel Fair Poor Maintenance
 

1.48
0.36 - - 1.90 0.6232 0.86 

1.38
1.65 0.71 0.48 0.94
40 0.91 0.46 

48 0.95 0.55 0.83 1.41 0.79 0.61 1.00 1.28
 

0.85 0.75 1.07 1.17
 
56 0.95 0.67 0.88 1.17 


1.09

64 0.95 0.81 0.94 1.12 0.92 0.91 1.15 


1.00 1.00 1.00 1.24 1.00

72 	 1.00 0.95 1.00 


- - 0.91
1.00 1.08
80 1.001 1.00 1.07 

- 0.82- 1.00 1.16 

88 	 1.00 1.29 

- - 0.73 - 1.00 1.24
96 	 1.04 1.50 

.
.
- 0.90104 1.08 

-	 ...112 1.12 -	 0.90 

Source: DeWeille, pages 20, 21, and 24.
 

poor. Fuel consumption for
Notes: Bitumen is considered as fair, and gravel roads as 


fair and poor is the same. Depreciation, maintenance,and engine oil are constant,
 

irrespective of speed level.
 

Benchmark speeds.
 



Table 6. 28
 

DELTA L VALUES FOR GRADE OR TERRAIN
 

EF_ ' S. METERS/KILOMETER. LIGHT VEHICLES 

Base Plus Grade, % Minus Grade, % Combined Grades,
 
SpeeA. 4 6 8 -4 -6 -8 4 -6 -8
 

(Kph)
 

8 136 223 334 - 80 - 67 - 32 56 156 302 

16 186 301 451 -116 -102 - 65 70 199 386 

24 216 349 520 -140 -127 - 91 76 222 429 

32 235 380 566 -161 -149 -117 74 231 449 

40 248 402 599 -178 -170 -140 70 232 459 

48 258 423 623 -188 -190 -164 70 233 459 

56 262 442 640 -188 -209 -185 74 233 455 

64 264 432 651 -189 -229 -205 75 203 446 

72 264 434 661 -196 -250 -224 68 184 437 

80 262 435 676 -202 -265 -242 60 170 434 

88 261 436 690 -214 -275 -262 47 161 428 

96 258 436 710 -221 -278 -275 37 158 425 

104 252 435 714 -227 -285 -286 25 150 428 

Source: Winfrey, pages 680-700.
 

Re:)resents a 2 kilometer distance, 1 kilometer at the
 
i;- .cated plus grade and 1 at the (same) indicated minus
 
qg:de.
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Table 6.29
 

DELTA L VALUES FOR GRADE OR TERRAIN EFFECTS,
 

METERS/KILOMETER. HEAVY VEHICLES
 

%1
Combined Grades, 

Base Plus Grade, % %Minus Grade, 

Speed 4 6 8 -4 -6 -8 t4 t6 t8 

(Kph) - -

8 139 235 368 -125 -115 -106 14 120 262 

16 209 350 553 -168 -164 -148 41 186 405 

24 275 452 654 -210 -194 -174 65 258 480 

32 327 573 844 -222 -220 -2182 105 353 6262 

40 393 646 10622 -227 -239 -2522 166 407 8102 

48 471 - - -229 - - 242 - -

-
56 506 .-

-
64 537 

Source: Winfrey, pages 693 to 698.
 

1 Represents two kilometer distance, one kilometer at the
 

one at the (same) indicated minus
indicated plus grade and 


grade.
 

2 Values extrapolated.
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Table 6.30 presents the Delta L factors for terrain effects for

liqht and heavy vehicles based on assumed
the operating speeds

indicated in the footnote of the table.
 

Sharp Curves
 

Sharp curves are reflected below in the speed change 
cycle

section of this report. Tables 6.31 and 
6.32 show the Delta L

effects of horizontal curves, as 
computed from Winfrey. Exam
ination of the cited tables shows 
that for higher vehicle
 
speeds curves Delta
on sharp the L values appear unrealisti
cally high and their direct applicability appears questionable

for present purposes. (Because there is no ice 
or snow on

Syria's highways, curves 
can be banked more steeply than in

other countries.) As 
an arbitrary basic assumption, the values
 
of Winfrey at 32 kilometers per hour for 50 
and 160 curves will

be used to represent sharp 
and very sharp curves, as shown in
 
Table 6.33.
 

Speed Change Cycle
 

SpLied Change Cycle Values
 

Delta 
L values for speed change have been calculated from
Winfrey's data and are shown in 
Tables 
6.34 and 6.35. Tables
 
6.36 and 6.37 show the Delta L kilometer/occurrence for the
 
light and heavy vehicles by speed variation.
 

Weighted averages have 
been used in order to develop data for
 
the light and heavy vehicle categories. According to the Consultants' 0 
& D surveys, thc percentage distribution of the
 
passenger car to the pickup light 
truck is 66 percent to 34
 
percent. Concerning the vehicles,
heavy a weighted average of

88 percent was 
applied for buses, microbuses, and 2- and 3-axle
 
trucks, and 12 percent was applied 
 for the articulated
 
vehicles.
 

Figures 6.1 
and 6.2 show the Delta Ls for speed change cycles

for light and heavy vehicles. The horizontal scale represents

the minimum speed of cycle.
 

Interaction of Opposing Vehicles on Narrow Roads and Its
 
Influence on Vehicle Operating Costs
 

Upon encountering vehicles travelling in the opposite direction
 
on 
a road with only one paved lane, one or both vehicles must

leave the pavement 
and travel at least partially on the

shoulder. Invariably, these maneuvers cause speed change cycles

of considerable magnitude. Within the 
limits between the width
 
of a paved, one-lane and that of a standard two-lane paved
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road, the magnitude of each speed change cycle will vary with
 

traffic volumes, width of pavement, and operating speed.
 

illustrated
A model of these relationships was developed and is 


in Figure 6.3. The curves shown are intended to represent
 

average conditions as follows:
 

- Curve 1: Speed with a 7.2 meter wi.de paved road.
 

Maximum speed with a 4.5 meter wide pavement.
- Curve 2: 

Minimum speed with a 4.5 meter wide pavement.
- Curve 3: 

(The difference between Curve 2 and Curve 3
 

represents the speed change cycle.)
 

- Curve 4: Maximum speed with an intermediate width of
 

5.85 meters of pavement.
 
- Curve 5: Minimum speed with a 5.85 meter wide pavement.
 

(The difference between Curve 4 and Curve 5
 

represents the corresponding speed change cycle.)
 

Maximum reduction in pavement width "w" was assumed to be from
 

7.2 meters to 4.5 meters. Ratio of pavement width is:
 

7.2 - w
2.7
 

Hourly traffic volume was assumed to be: ADT
T07 

are as follows:
Equations for the five curves 


so = 100 - 50ADT- Curve 1: Speed, 

10,000
 

- 4 0]
- Curve 2: Max. speed, Sl = So - R[So-60(l-ADT)2

5,000
- Curve 4: 


- Curve 3: Min. speed, S2 = SI(I - R) + 30R
 
- Curve 5:
 

an average 10 seconds headway is required
It was assumed that 

for a vehicle to return to pavement and accelerate to the
 

higher speeds. The probability of having that headway was taken
 

to be:
 

P(h - 10) = 1-10g
 

where g = flow in vehicles/second
 

Therefore, the probable number of encounters that involve speed
 

cycles was taken to be:
 

N = R(ADT x 1 - ADT)
 
loSl 3,600
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Table 6.30
 

DELTA L FACTORS FOR TERRAIN EFFECTS
 

(meters/kilometer)
 

Road Surface
Vehicle Asphalt 
 Bitumen Gravel 
 Earth
 
Category R H ___ 
 R M~ Rj Ml J MJij 

L.V. 2 0.02 0.08 0.21 0.03 0.09 0.22 0.04 0.10 0.22 
0.04 0.12 0.23
 

H.V. 3 0.08 0.20 0.41 0.05 0.18 0.31 0.03 0.13 0.24 0.02 
0.09 0.20
 

Source: Tables 6.23 and 6.24.
 

,Notes: Calculations assume even distribution of plus and minus
 
grades. Values shown are 
based on operating speeds: 1) Light

Vehicles: Asphalt 90, Bitumen 80, Gravel 68 and Earth 40. 
 2)
Heavy Vehicles: Asphalt 40, Bitumen 32, Gravel 24 and Earth 
16.
 

R = Rolling, 4%; H = Hilly, 6%; 8%.
M = Mountainous, 

2 Light Vehicles. 

3
 Heavy Vehicles. 
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Table 6.31
 

DELTA L FOR HORIZONTAL CURVE EFFECTS,
 

METERS/KILOMETER, LIGHT VEHICLES
 

Base Degree of Horizontal Curve,
 
Speed 00 0
 

(Kph) 20 5 10 16 25 

8 15 27 42 62 95
 

16 31 60 99 151 230
 

24 44 87 158 251 419
 

32 47 108 212 353 667
 

40 50 125 273 512 1,044
 

48 56 149 361 774 1,629
 

56 68 204 505 1,117 2,391
 

64 86 267 734 1,558 

72 115 358 997 2,107 

80 147 458 1,275 - 

88 194 587 1,569 - 

96 246 727 1,821 - 

104 299 872 2,134 - -


Source: Winfrey.
 

Note: Includes passenger cars and pickups. A weighted average
 

of 66% to 34% in favor of the passenger cars was used.
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Table 6.32
 

DELTA L FOR HORIZONTAL CURVE EFFECTS,
 

METERS/KILOMETER, HEAVY VEHICLES
 

Base Degree of Horizontal Curve
 
Speed 20 50 0 60 50 
(Kph) 2 10 16 25 

8 22 41 63 95 141 

16 48 88 153 236 357 

24 67 129 244 388 618 

32 68 166 321 529 973 

40 71 194 387 755 1,668 

48 87 216 477 1,210 -

56 90 228 752 1,719 -

64 93 349 1,073 2,301 -

72 153 502 1,407 -

80 214 662 1,762 

88 278 828 -

96 343 -

Source: Winfrey, pages 682 to 703.
 

Note: Includes buses, microbuses, 2 and 3 axle trucks, and
 
combination vehicles. A weighted average of 88% was applied for
 
buses, microbuses, 2 and 3 axle trucks, and 12% for the articulated
 
vehicles.
 

Table 6.33
 

DELTA L FACTORS FOR CURVE EFFECTS
 
(kilometers/occurrence)
 

Very Sharp2
 
Vehicle Category Sharp1 


0.35
Light Vehicles 0.11 


0.53
Heavy Vehicles 0.17 


Source: Winfrey.
 
1 150 to 
250 meter radius.
 
2 Less than 150 meter radius.
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Table 6.34
 

DELTA L FROM SPEED CHANGE CYCLE EFFECTS, METERS/CYCLE
 

LIGHT VEHICLES
 

Base Speed Reduced to and Returned from - Kph 
Speed 
(kph) Stop 8 16 24 32 40 48 56 64 72 80 P8 96 

8 24 - - - -..... 

16 68 35 -........ . . 

24 133 131 75 -..... . . . 

32 216 167 118 63 - . . .. . . . 

40 317 265 212 150 82 . . . . . . . . 

48 435 381 325 261 187 102 - . . . . . 

56 573 517 459 393 319 230 125 . . . . . . 

64 733 675 616 549 473 384 280 152 - - - - 

72 912 854 794 727 650 562 459 331 181 - - - 

80 1,113 1,055 995 927 850 761 661 535 388 211 - - 

88 1,335 1,277 1,216 1,149 1,072 982 882 760 616 444 242 - 

96 1,567 1,507 1,446 1,378 1,301 1,213 1,112 994 855 692 498 271 

104 1,801 1,740 1,678 1,610 1,533 1,447 1,348 1,235 1,101 945 762 548 299
 

Source: Winfrey, pages 680-692.
 

Npte: Includes passenger cars and pickups. A weighted average of 66% and 34% was used.
 



- - - -

- - - -

Table 6.35
 

DELTA L FROM SPEED CHANGE CYCLE EFFECTS, METERS/CYCLE
 

HEAVY VEHICLES
 

Base Speed Reduced to and Returned from - Kph

Speed

(kph) Stop 8 16 
 24 32 40 48 56 64 -72--8i0 -88. 9 6 

8 33 - - - - 

16 116 58 -....... . . .
 

24 225 153 78 -..... . . .
 

32 363 283 211 104 - . .
 . . . . .
 

40 524 440 355 256 139 - .
 .. . . .
 

48 706 620 533 432 314 171 . . .
 . . . . 
M 56 908 822 735 634 516 374 205 -. . . .
 

64 1,130 1,045 960 859 
 743 715 440 242 . . . . .
 
72 1,372 1,288 1,204 1,106 994 860 700 510 280  . .
 

80 1,627 1,547 1,465 1,371 1,261 1,132 
 980 798 579 316 - - 

88 1,889 1,813 1,733 1,642 1,537 1,414 1,268 1,096 898 646 348 - 

96 2,158 2,085 2,008 1,920 1,820 1,703 1,565 1,402 1,207 977 660 400 -

104 
 - - - - - -.-

Source: Winfrey, paqes 693-704.
 

Note: 
Includes bus, microbus, 2 and 3-axle trucks, and combination trucks. A weighted

average of 88% 
(bus, microbus, and 2-axle), 5% (3-axle truck), and 7% (combination trucks)
 
was used.
 



Table 6.36 

DELTA L SPEED CHANGE CYCLE, LIGHT VEHICLES 

(k i lometers/occurrence) 

Base 

Speed
(kph) Stop 

Speed Reduced to and Returned from - Kph 

8 16 24 32 40 48 56 64 72 so as 96 

8 0.02 - - - - - - - - -
16 0.07 0.04 -......... 

24 0.13 0.13 0.08 - . . ...... 
32 0.22 0.17 0.12 0.06 - . . . .. .. 
40 0.32 0.27 0.21 0.15 0.08 - . . . . . . 
48 0.44 0.38 0.33 0.26 0.19 0.10 - . . . . . 
56 0.57 0.52 0.46 0.39 0.32 0.23 0.13 -. . ... 
64 0.73 0.68 0.62 0.55 0.47 0.38 0.28 0.15 - . . . 
72 0.91 0.85 0.79 0.73 0.65 0.56 0.46 0.33 0.18 - . . 
80 1.11 1.06 1.00 0.93 0.85 0.76 0.66 0.54 0.39 0.21 - - -
88 1.34 1.28 1.22 1.15 1.07 0.98 0.83 0.76 0.62 0.44 0.24 - -
96 1.57 1.51 1.45 1.38 1.30 1.21 1.11 0.99 0.85 0.69 0.50 0.27 -

104 IAO 1.74 1.68 1.61 1.53 1.45 1.35 1.24 1.10 0.94 0.76 0.55 0.30 

Source: Table 6.29.
 



Tab le 6.37 

DELTA L SPEED CHANGE CYCLE, HEAVY VEHICLES 

(kilometers/occurrence) 

,' 

Base 

Speed
(kph) 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

10 4 

Speed Reduced to and Returned from - Kph 

S 8 16 24 32 40 48 56 64 72 80 88 

0.03 - -........ 

0.12 0.06 - ... ...... 

0.23 0.15 0.08 - . . . . .... 

0.36 0.28 0.21 0.10 - . . . . . . . 
0.52 0.44 0.36 0.26 0.14 - . . . . . . 
0.71 0.62 0.53 0.43 0.31 0.17 - . . . . . 
0.91 0.82 0.74 0.63 0.52 0.37 0.21 - . . . 
1.13 1.05 0.96 0.86 0.74 0.72 0.44 0.24 - . . . 
1.37 1.29 1.20 1.11 0.99 0.86 0.70 0.51 0.28 - . . 
1.63 1.55 1.47 1.37 1.26 1.13 0.98 0.80 0.58 0.32 - -

1.89 1.81 1.73 1.64 1.54 1.41 1.27 1.10 0.90 0.65 0.35 -
2.16 2.09 2.01 1.92 1.82 1.70 1.57 1.40 1.21 0.98 0.66 0.40 

............. 

96 

-

-

-

Source: Table 6.30. 



DELTA - L'S FOR LIGHT VEHICLES Figure 6.1 

FROM SPEED CHANGE CYCLES
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DELTA -L'S FOR HEAVY VEHICLES Figure 6.2 
FROM SPEED CHANGE CYCLES 

6 kmlhr 

'1 _______ I- -

1k9(nIhr I t 

17001 

16C] - 8 km lhr. --------.. 

7 hri
 

13KILOMETERS PER HOU HORIZONTAL- S T
 

m h r SPE OF CYC1100 

0C 

. ...-J 2 1: / h r . . .. .... 

wJ MAXIMUM SPEED OF CYCLE 
010 20 30 40 

KILOMETERS PER HOUR HORIZONTAL - SCALE REPRESENTS 
MINIMUM SPEED OF CYCLE 



Figure 6.3 

ASSUMPTION FOR SPEED CHANGE CYCLES FROM
 

OPPOSING VEHICLES ON NARROW ROADS
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6.7 SUMMATION OF RESULTS
 

The economic and financial operating costs of the selected
 

vehicles were developed for all surface types and surface
 

conditions.
 

The resulting summary tables show speed levels from 8 kilo

meters per hour to 112 kilometers per hour by vehicle cost
 

components, totals, and direct operating cost. Printed tables
 

in 1979 prices, which are voluminous, are in the Consultants'
 

files. Comparable tables in 1980 prices are in computer file
 

be turned over to the Government at the
form. Both will 

completion of the study.
 

6.8 TRAFFIC INTERACTION (Traffic Congestion)
 

For highway feasibility studies within Syria, economic benefits 

arising from reducing traffic congestion costs will become an 

increasingly important part of total economic benefits. It is, 

therefore, an area requiring careful analytic attention. 
Unfortunately, definitive basic research is not yet available 

that quantifies the effect of traffic interaction on vehicle 

operating costs over , range of vehicle types and operating 

speed conditions. In the absence of such research, provisional
 

factor cost values have been provided. These values should be
 

utilized until such time as basic research studies provide more
 

definitive values.
 

Factor costs for traffic interactions are given by car and
 

truck for fuel consumption in Table 6.38 and for tire con

sumption in Table 6.39.
 

These factor costs are given in terms of an average highway
 

speed/average operating speed matrix. The factor cost matrix
 

may be explained in the following way. Assume a passenger car
 

to have travelled at 80 kilometers per hour on a road without
 

traffic interaction (i.e., the average highway speed is 80
 

kilometers per hour) but, in fact, can travel only at 40 kilo

meters per hour because of traffic interaction (i.e., the
 

average operating speed is 40 kilometers per hour). The pas

senger car makes numerous speed changes due to the interaction
 

of traffic both above and below its average speed of 40 kilo

meters per hour. The result of these speed changes is that the
 

consumption costs of the car are increased over what they would
 

have been if the car were going at a constant speed of 40 kilo

meters per hour. The factors in the tables represent these
 
increases in consumption costs. In other words, the factors
 

represent the increase in consumption of an average operating
 

speed of X kilometers per hour caused by traffic interaction
 

6-59
 



over the consumption at a constant cpeed of X kilometers per
 
hour.
 

The factors were derived from values developed by Wehner in the
 
World Bank Yugoslavia study. Matrix values for fuel consumption
 
and tire consumption are broken down by three vehicle types: I)
 
a medium car, 2) a light diesel truck (3.5-ton capacity), and
 
3) a heavy diesel truck (18-ton capacity). It should be noted
 
that Wehner's factors are expressed in terms of average highway
 
speed. These have been converted to be expressed in terms of
 
average operating speed, which was necessary for uniformity
 
within the computer program preparation. It should be further
 
noted that extrapolations on Wehner's data were made to cover a
 
larger matrix than Wehner dealt with. The factor values for the
 
two truck types are almost identical. The-efore, the factor
 
value for the 18-ton truck was taken as representative of all
 
trucks. There is no basic research data relating traffic inter
action to other than other vehicle operating parameters; there
fore, these were not included.
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TJil I r, 6 1 

FACTOR COSTS FOR FUEL CONSUMPTION - TRAFFIC INTERACTION 

(percent increase from fuel consumption 
under unrestricted traffic conditions 

at qiven average operatinT speed) 

Averaae Highway Speed - Kph 
40 

PASSENGER CAR 
Averaqe Operating Speed -

48 56 64 72 80 88 

Kph 

96 104 

] 

40 
48 
56 
64 
72 
80 
88 
96 

104 
112 

2 
8 

18 
25 
37 
49 
64 

85 
85 

5 
13 
20 
30 
40 
49 

62 
85 

5 
12 
20 
28 
37 

47 
65 

6 
10 
17 
30 

35 
54 

4 
10 
16 

27 
45 

4 
8 

18 
33 

2 

9 
23 

3 
17 10 

Average Highway Speed - Kph 

40 

TRUCK 
Average Operating Speed -

48 56 64 72 80 88 
Kph 

96 104 

40 
48 
56 
64 
72 
80 
88 
96 

2 
3 
9 

20 
35 
59 
79 

3 
9 

19 
33 
55 
74 

4 
13 
26 
46 
64 

6 
18 
37 
53 

9 
25 
41 

15 
27 11 

Source: Winfrey, Economic Analysis for Hiqhways. 



Table 6.39
 

FACTOR COSTS FOR TIRE CONSUMPTION - TRAFFIC INTERACTION
 

(percent increase from tire consumption
 
under unrestricted traffic conditions
 

at given average operatinq speed)
 

PASSENGER CAR
Average Highway Speed - Kph Averaae Operating Speed - Kph 

40 
 48 56 64 72 80 88 96 104
 

40
 

48 25
 

56 46 19
 

64 84 49 21
 
72 121 78 46 15
 

80 166 112 75 33 12
 
88 223 154 108 58 29 8
 

96 223 215 152 91 56 30 9
 

104 223 
 223 192 127 83 52 26 4
 
112 223 223 223 166 114 77 46 20 5
 

Source: Winfrey, Economic Analysis for Highways.
 



Table 6.39 (continued) 

FACTOR COSTS FOR TIRE CONSUMPTION - TRAFFIC INTERACTION 

(percent increase from tire consumption 
under unrestricted traffic conditions 

at given average operating speed) 

Average Highway Speed - Kph 
TRUCK 

Average Operating Speed - Kph 
T40 48 56 64 72 80 88 96 104 

40 

48 23 

56 40 16 

64 77 45 .22 

72 114 73 46 15 

0 80 158 109 73 35 14 

88 214 154 108 63 37 17 

96 214 214 154 103 68 43 21 

Source: Winfrey, Economic Analysis for Highways. 
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Chapter 7
 

FUTURE DEVELOPMENT PLANS
 

7.1 FORECAST TRANSPORT DEMAND
 

The Consultants' macroeconomic 
and population forecasts and
forecasts of transport demand resulting from them are presented

in Volume 
II. This section summarizes the resulting 
traffic
 
forecasts.
 

Passenger Traffic
 

The total domestic inter-zonal passenger 
traffic was estimated
at 137 million in number and 12 
billion in passenger-kilometers
for 1979. Even in terms of passenger-kilometers, by which 
rail
and 
air mode show higher shares because of longer average trip
lengths, shares of 
the rail and the air mode were only 3.1 percent and 0.4 percent, respectively, reflecting the poor service
availability 
of the rail mode and the 
high cost of the air
 
mode.
 

By 1985 the total number of passengers would grow by 54 percent
over the 1979 level, but total
the passenger-kilometers would
 grow by 
40 percent. This discrepancy is due to the fact that by
1985 all major cities in Syria will be 
connected by high quality highway and railway links 
that shorten trip distances between major cities. With the expanded railway lines it 
 is
expected that the 
railway would capture 12 
percent of domestic
passenger traffic in 
terms of passenger-kilometers. Table 7.1.1
summarizes 1979 passenger traffic and projections.
 

Non-Transit Commodity Traffic
 

In 1979 an estimated 44 million 
tons )f Syria-originated 
or
Syria-destined commodities 
were moved, amounting to total
ton-kilometers of 
11 billion, of which 42 was
percent carried
by trucks, 3 percent by the railway, and 55 percent by the pipe
line, as shown in Table 7.1.2
 

Total tonnages, as in
shown Table 7.1.2, indicate only modest
growth rates: 2.5 percent per annum for the period 
1979-1985
and 4.4 percent per annum for the 
period 1986-2000. These 
low
rates of growth are largely due 
to stagnant pipeline transport
of crude oil. 
Excluding pipeline tonnage, corresponding growth
rates are 3.5 percent per 
annum and 4.7 percent per annum,

respectively. These tonnages for the combined modes of the
and the road, however, are 

rail

still misleading. Table 7.1.3 shows
estimated 1979 tonnages and projected 1985 and 2000 tonnages of
commodities moved 
between 
zones by major commodity groups,


excluding pipelines.
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Table 7.1.1
 

PRESENT AND PROJECTED PASSENGER TRAFFIC
 

and in billion passenger-kilometers)
(in million passengers 


Air Total
Road Rail 


1979
 

0.13 137.3
135.8 1.32
Passengers 


11.97
11.55 0.37 0.05
Passenger-Kilometers 


Percent Share
 
96.5 3.1 0.4 100.0


(Passenger-Kilometers) 


1985
 

7.4 0.26 211.01
203.4
Passengers 


0.12 16.77
14.7 1.95
Passenger Kilometers 


Percent Share
 
0.7 100.0
88.7 11.6
(Passenger-Kilometers) 


2000
 

1.3 462.6
436.7 24.6
Passengers 


0.4 37.72
32.2 5.0
Passenger-Kilometers 


Percent Share
 
1.2 100.0
85.6 13.2
(Passenger-Kilometers) 


Source: Consultants' estimates.
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Table 7.1.2
 

PRESENT AND PROJECTED COMMODITY TRAFFIC
 

NON-TRANSIT TRAFFIC
 

(in million tons and in billion ton-kilometers)
 

Road Rail 


1979
 

Tons 
 30.4 1.3* 


7on-Kilometer 
 4.64 0.3-', 


Percent Share
 
(Ton-Kilometer) 
 42.2 3.0 

1 93t 
___5
 

ons 33.6 5.5 

7on-Kilometer 
 6.6 1.7 


Percent Share
 
(Ton-Kilometer) 47.1 12. 

2000
 

-ons 64.3 13.9 


Ton-Kilometer 
 12.5 4.7 


Percent Share
 
(Ton-Kilometer) 
 50.4 19.0 


So urc : Consultants' estimates. 

*Excludes railway construction materials. 

Pipeline Total 

12.3* 44.1 

6.02 10.99 

54.8 100.0 

12.06 51 .08 

5.7 14.08 

40.7 100.0 

18.56 96.76 

7.57 24.81 

30.6 100.0 
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Table 7.1.3
 

PRESENT AND PROJECTED COMMODITY TONNAGES MOVED
 

(in million tons)
 

1979 1985 	 2000
 

bulk Commodities
 

Sand, Gravel, and
 
13.8 	 13,5
Iement 	2locks (-0.3) (4.0) 24.3
 

(5.0) 	 11.8
Refined Petroleum 	 4.5 ( 4.2 5.7 


Cement and Wheat
 

and Barley 3.2 ( 6.3) 4.6 (3.9) 8.1
 

8.9 	 (5.8) 20.
Intermediate Commodities 	 6.2 ( 6.3) 


( 6.5) 4.5 (5.5) 10.1
Hioh Value Commodities 3.1 

Y 1.2 ( 4.6) 1.5 (4.6) 3.0Fhosph , 

31.9 ( 3.4) 39.0 (4.7) 78.2
Total 

Total Excluding
 
18.1 ( 5.9) 25.5 (5.1) 53.9
-nd, Gravel, and 


Cement Blocks
 

Source: Consultants' estimates.
 

Note: 	 Figures in parentheses indicate percentage growth rates per
 

annum for the period between the years.
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In terms of total tonnage the commodity group of sand, gravel,
 
and cement blocks is by far the largest in 1979, 43 percent of
 

the total. However, these commodities move only for a short
 
(Mantika) or among
distance, mostly within a traffic zone 


neighboring zones. The amounts shown in Table 7.1.3 are mostly
 

for these moving among neighboring zones. These movements
 
require little line-haul transport facilities.
 

The production of sand, gravel, and cement blocks in the 1979
 
and immediately preceeding years was extraordinary. The produc
tion tonnaqes and transport tonnages (although short distance)
 
were far beyond the reasonable range relative to the size of
 
the general construction industry. This phenomenon was probably
 
due to the intensive earthwork throughout the country for high
ways and railways in addition to the building boom. For 1985
 
and after more ordinary amounts of sand, gravel, and cement
 
blocks were estimated in line with the construction industry
 
estimates.
 

By the year 2000 total ton-kilometers of non-transit commodity
 
traffic excluding pipelines would grow 3.5 times the 1979 level
 
and the rail mode should capture 27 percent of the total.
 

Transit 	Commodity Traffic
 

Uncertainties concerning the transit traffic through Syria are
 
indeed large. Nevertheless, the results of the Consultants'
 
analysis presented in Chapter 5 are summarizeed in Table 7.1.4.
 
Excluding crude oil, growth rates of 9 percent per annum for
 
the period 1979-1985 and 5 percent per annum for the period
 
1986-2000 were estimated by the Consultants in terms of total
 
tonnage.
 

7.2 PASSENGER MODAL SPLIT
 

The Consultants' passenger modal split methodology is described
 
in detail in Section 3.3, Chapter 3 of Volume VII. Basically,
 
parameters are derived from existing experience to relate the
 
rail share of traffic between each zonal-pair to the ratio of
 
the tariff and the travel times between the rail and bus modes.
 
Traffic by private car and by pick-up was assumed not to be a
 
significant market for rail competition. The resultant modal
 
split equation was determined to be for each 0 & D pair:
 

0.43e 1.43x e 0.76y
Public transport volume - rail volume = 


Rail volume
 

Where: 	 x = rail tariff/bus tariff
 
y = rail time/bus time
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Table 7.1.4
 

PRESENT AND PROJECTED TRANSIT TRAFFIC
 

(in million tons and in billion ton-kilometers)
 

Road Rail Pipeline Total
 

1979
 

2.93 0.16 7.40 10.49
Tons 


Ton-Kilometer 1.19 0.02 3.70 4.91
 

Percent Share
 
24.2 0.4 75.4 100.0
(Ton-Kilometer) 


4.5 0.7 7.4 12.6Tent 

Ton-Kilometer 1.8 0.4 3.7 5.8
 

Percent Share
 
6.0 63.8 100.0
(Ton-Kilometer 30.2 


2000
 

7.4 18.2
8.2 2.6
Tons 


8.0
2.9 1.4 3.7
Ton-Kilometer 


Percent Share
 
46.0 100.0
(Ton-Kilometer) 36.4 17.6 


Source: Consultants' estimates.
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This equation implies that given equal tariffs and travel times
 
the rail share of public transport journeys would be only
 
21 percent. The relatively low share is not unreasonable as an
 
average because for the shorter journeys, which predominate,
 
the much higher frequency of bus service is a major factor. For
 
longer journeys the equation tends to underestimate the rail
 
share. To allow for this downward bias no modal transfer pen
alty was added to the rail times and, because !n-ny rail jour
neys actually involve a separate trip to or from the station, 
this is a compensating favorable factor. 

The tariff ratios for 1985 and 2000 between rail and bus were
 
calculated on two bases: for case A it was assumed that both
 
sets of fares would be increased by 2 percent per annum in real
 
terms from assumed 1980 base levels; for case B it was assumed
 
that for each mode tariffs in 2000 would be equal to marginal
 
cost. Because the bus tariff in 1980 covers only 35 percent of
 
marginal cost whereas the rail tariff represents 53 percent,
 
there is a relatively greater increase in bus tariffs and con
sequently higher rail shares in case B. To reach marginal costs
 
by 2000 the rail tariff would need to increase by 3.1 percent
 
annually from 1980 and the bus tariff by 5.1 percent annually.
 
The marginal cost assumption in case B reduces total travel
 
compared with case A by 12 percent in 2000.
 

In both case A and B it was assumed that the nationwide pattern
 
of road tariffs would be more consistent in the future than it
 
is now. It was therefore assumed that tariffs would be linear
 
(constant passenger-kilometer rate regardless of travel dis
tance) and the same all over the country for taxis, micro
buses, and buses. For both cases a tapered railway tariff that
 
discourages railway travel for trips of less than 100 kilo
meters was adopted.
 

It is estimated that if the Government would subsidize the
 
whole operating deficit of passenger transport within Syria,
 
such subsidies would reach approximately SP 1.7 billion per
 
year by the year 2000, of which 900 million would be for large
 
buses alone. The regular subsidies to passenger transport would
 
then amount to about 20 percent of the GDP of the Transport and
 
Communications Sector (or 1.5 percent of the total GDP).
 

The year 2000 modal split alternatives for the most economic
 
network (maximum road and medium rail) are shown in Table
 
7.2.1. Two points should be noted. The first is that the
 
passenger car share nearly doubles between 1985 and 2000, due
 
to rising incomes. The second is a marked shift from microbuses
 
to regular buses as greater demand permits a greater frequency
 
of regular bus service. The shift is less in case B because
 
total demand is less.
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Table 7.2.1
 

YEAR 2000 PASSENGER MODAL SPLIT ALTERNATIVES
 

MAXIMUM ROAD, MEDIUM RAIL NETWORK
 

TARIFF CASE A
 

Passenger Pickup Taxi Microbus Bus Rail Total
 

Car
 

Vassenger per day
 

(iM ) 227.6 70.7 198.7 81.1 686.6 66.0 1,330.7
 

Percent 17.1 5.3 14.9 6.1 51.6 5.0 100.0
 

lassenjer-in
 
ler year x 10' .1 1.5 5.4 2.4 19.4 4.9 41.7
 

PWrcent 19.4 3.6 12.9 5.8 46.5 11.8 100.0
 

Averaqe Trip
 
Lenyth (Km) 97 59 74 80 77 204 85
 

Total Revenues 
(SP) x 106 - - 420.9 130.5 586.7 208.7 1,346.8 

Revenue per
 
Passenger Km
 

(piasters) 7.84 5.50 3.30 4.97 3.28
 

TARIFF CASE B
 

Passenger Pickup Taxi Microbus Bus Rail Total
 
Car
 

Passenqer per day
 
(000) 200.0 62.3 151.0 98.5 590.5 67.4 1,169.7
 
Percent 17.1 5.3 12.9 8.4 51.3 5.8 100.0
 

Passener-Km
 

per year x 106 7.1 1.3 3.3 3.0 16.4 5.0 36.1
 

Percent 19.7 3.6 9.1 8.3 45.4 13.9 100.0
 

Average 'ri
 
Lenqth (Km) 97 59 60 84 77 203 85
 

Total Revenues 
(SPx 106 - - 425.5 204.8 943.4 283.1 1,856.8 

Revenue per
 
Passenger-Km
 
(piasters) 12.78 6.75 5.59 6.24 5.12
 

Source: Consultants' estimates.
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In case A the necessary subsidies would still be 
a significant

SP 800 million per year by 2000, 
but the proportion to GDP of
the transport sector 
(9 percent) seems 
more acceptable. In 
case
 
B there would be no subsidies by the year 2000.
 

7.3 COMMODITY MODAL SPLIT
 

General
 

Given the substantial 
sunk costs resulting from the committed
investments in expansion of the CFS railway, the economic advantages of maximizing utilization of 
those railway facilities are
clear. As a result, the Consultants' commodity modal split methodology (presented in Section 3.2, Chapter 
3, Volume VII) is
based on a determination of 
potential railway commodity traffic, with the residual assigned 
to roads. The only exception is
refined petroleum products, where shipment by rail 
vs. pipeline
can be subjected to specific economc 
analysis. This analysis

is presented in Part II, Chapter A-6 of Volume VI.
 

The forecast of railway commodity traffic involved 
three st2ps:

projection 
of the future total 
transport market, definition of
the railway and
network, estimation of 
the rail share of each
movement. A single projection of the transport 
market has been
made, as, described in Volume 
II. This is a simplification in
that the supply/demand interaction 
is taken as given whereas,
in fact, the provision (or lack) 
of additional links or 
services 
generates (or fails to generate) new traffic, particularly transit freight. Although 
this can be a critical factor
 on a particular link, for the system as 
a whole the network and
service assumptions will 
have only a marginal effect total
on 

traffic.
 

The railway network in operation in 1985 was assumed to include
the new and reconstructed 
sections of the Damascus-Aleppo line
and the Deir Ez Zor-Albu Kamal line. 2000,
For the Lattakia-
Tartous line and a standard gauge line from Damascus to Amman
 are assumed to be in operation. The combined CFS and CFH system

is treated as 
a single network from 1986 onwards.
 

The Consultants' 
forecast of freight transport by commodity

given 
in Volume IT was treated for

commodity groups transit 

analysis puiposes as five
and traffic. The classification
major commodities 
inco these groups is as follows: 
of
 

Group 1 - phosphate, petroleum products,
 

Group 2  bulk building materials such 
as sand and gravel,
 

Group 3 - cement, cereals, other bulk goods,
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Group 4 - intermediate value items: iron and steel, fer
tilizer, processed food stuffs, farm products, sugar beets, 
non-bulk building materials, 

Group 5 - high value goods: manufactured products, capital
 
equipment, live animals, meat.
 

In 1979, about 56 percent of railway tonnage, excluding rail
 
constructiori materials, was of group 1, 2, or 3 commodities;
 
24 percent of group 4; 9 percent of group 5, and 11 percent was
 
transit traffic. The share of bulk traffic will rise with the
 
start of phosphate movements in 1980 and with a large growth
 
projected for other bulk commodities. The CFS freight traffic
 
plan for 1980 gives groups 1, 2, and 3 a share of a little over
 
68 percent of tonnage and 71 percent of ton-kilometerage.
 

Rail is naturally more competitive for the bulk commodities and 
over longer distances. Group 5 traffic is likely in the long 
term to be carried in volume by rail only in containers. While 
high shares of bulk movements are virtually certain between 
rail-connected points, the share of group 4 traffic that will
 
be attracted is highly sensitive to the relative price and
 
service qualities of road transport.
 

For 1985, in general, the rail share was taken to rise with
 
distance, and limiting shares on any one origin and destination
 
of 70 percent for groups 1 and 3, 45 percent for group 4,
 
35 percent for group 2, and 15 percent for group 5 were rsed.
 
For phosphate movements, fuel oil from homs to Mhardeh, and
 
transit traffic, specific volumes were projected based on
 
discussions with CFS officials and otner sources. The total
 
railway traffic forecast for 1985 is 6.2 million tons, 2.1
 
billion ton-kilometers. Of the tonnage, 75 percent is bulk
 
commodities (group 1, 2, and 3), 12 percent group 4, 2 percent
 
group 5, and 11 percent transit traffic
 

The projection thus implies the development of some new traffic
 
by rail, apart from that due to the opening of the line to
 
Damascus, but far less new traffic than such a large overall
 
growth would suggest at first sight. Rail service to Tartous
 
and Homs has been badly affected recently by line construction
 
and reconstruction work. Given the much-improved service to be
 
expected by 1985 and proper attention to marketing, the fore
cast is considered attainable.
 

Projections of railway freight traffic in 2000 were made with
 
medium and high rail share alternatives. Case Al, the medium
 
projection, is in general lower than the high case B2 by
 
25 percent for group 1, 20 percent for groups 2 and 3, 30 per
cent for group 4, and 50 percent for group 5 commodities. The
 

7-10
 



phosphate flows, the fuel 
oil flow from Homs to Mhardeh, and

transit traffic the
are same 
in both cases. Transit traffic
growth is projected explicitly, as described in 
Volume II,

Chapter 5. An increase in 
rail shares is forecast between 1985
and 2000. The scope for increases in share is far 
more limited
 
trian that for passenger 
traffic because of the shares already
 
obtaining in 1985.
 

The addition of a standard gauge 
Hijaz line is assumed to
result in transit traffic of 0.8 million tons 
between Tartous
and Jordan/Saudi Arabia. Fuel oil 
movement between Homs and Al

Raqqa is 
by pipeline for 2000, with onward distribution froa Al

Raqqa to Deir Ez Zor, Al Hassakeh, and Al Kamishli by rail.
 

The case Al projection for 2000 results in a total 
tonnage of

14.1 million or 5.14 
billion ton-kilometers. 
Of the tonnage,
69 percent is group 2 or 3 commodities, 11 percent is group 4,

2 percent is 5, and 18 transit
group percent is traffic. With
case B2, the most economic system alternative, traffic is
16.5 million tons, 
or 6.19 billion-ton kilometers.
 

7.4 SYSTEM ALTERNATIVES
 

Ger.cal
 

Th; eval: -ion of future transport requirements for the Syrian
TrT 
 was
i t Sector carried out !,y developing alternative 
scerldL us 
and comparing their likely consequences.
 

Alternatives 
for 1985 began with the identification of committed projects in 
the existing plans. The definition of committed
 
projects is provided in Section III.B.2.b of the Terms of
Reference (TOR). All 
projects currently under construction 

for which 

or

financing has been received or guaranteed are defined
 

as committed projects.
 

These committed projects quite
are extensive. 
All of them are

planned 
to be cumpleted by 1985. Considering the necessary lead
time for initiating 
a new major transport facility construction
 
project, 
it was decided that the transport network to be analyzed for year
the 1985 would consist of all existing facili
ties and all committed projects, plus 
three feasible road links
 
integral to them.
 

For the year 2000 
several additional transport links have been
identified and alternative networks 
have been delineated. For
the combined systems 
of rail and road transport, evaluation
 
processes have been performed for each of the 
scenarios over
 
the p2riod from 1980 through 2000.
 

7-11
 



The economic effects of the alternative modal splits have been
 
determined. Investment plans for the period 1981 through 1985
 
have been develoned for each mode based or modal economic
 
analyses within the framework of the preferred long-term alter
natives.
 

For the period 1986 through 2000, probable transport projects
 
have been identified on the basis of projected traffic and the
 
relative economic benefits determined in the preceding analy
ses. A more detailed discussion of this process and its compo
nent elements is presented in Chapter 4, Volume VII.
 

Alternative Road Infrastructures
 

The Syrian paved road network has been greatly expanded in the
 
past decade. In addition, a significant number of major high
ways are either under construction or construction is commit
ted. The goal of providing high quality road connections be
tween major cities and points of traffic generation will
 
largely be fulfilled by the time all of these projects are
 
completed. Thus, additional independent road links are con
sidered for 1985, and several new links are taken into account
 
for 2000. However, a comprehensive highway betterment and
 
maintenance program has been analyzed. The following describes
 
this future road network and the programs.
 

The 1985 Road Network
 

In addition to the existing roads, the 1985 paved road network
 
includes new highways and improved highways, as shown in Table
 
7.4.1.
 

Although only one set of road -;onnections for the year 1985 has
 
been considered, in the evaluation of alternatives, road sur
face conditions and road widths are different depending on the
 
alternative. Two alternatives have been differentiated; one
 
alternative is based on the 1985 road connection without a
 
highway betterment and maintenance program. Another alternative
 
analyzes the same 1985 road connection with a highway better
ment and maintenance program.
 

The 2000 Road Network
 

Given the well developed 1985 road network one possible alter
native for the year 2000 is to have no more additional highway 
links - in other words, applying the 1985 network up to the 
year 2000. 

An alternative network for the year 2000 has been developed and
 
includes the following new highway links in addition to the
 
1985 network:
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Table 7. 41 I 

COMMITTED HIGHWAY PROJECT!' TO BE COMPLETED BY 19851
 

Project 
 Distance Planned
 
(Kilo'meters) Completion
 

Additional carriageway, Ma'loula-Homs 105 
 1981
 
Resurfacing, Saraqueb-Aleppo 
 40 x 2 1981
Resurfacing, Homs-Hama 
 40 x 2, 1981 
Resurfacing) MaY/IopJla-Homs 105 1985

Resurfacing, Da6.ascus-Maloula 
 50 x 2 1981
 
Autostrad, Damascus-Lebanese Border 
 40 1982

Diversion Road, Tal Kalakh 
 33 1981
 
flHiqhway, Damascus-Jordanian Border 
 110 7 1983 
Hioihway, Nasired-Quaryatein-Phosphate Mine 
 57 1981

Autostrad, liomsLobide 20 1980 
Resurfacing, Damascus-Iraqi Border 
 215 1985

liqhway, Tadmur-Deir Ez Zor 
 200, 1981
 
Hiqhway, Al Ghab-Ain Sharkieh-Djableh 
 50 1982
 
fHiqhway, Akkari-Tartous 
 48 1981 
.esurfa'cing, Furglus-Phosphate Mine-Swani 
 123 1982
 
Hiqhway, Aleppo-Tal Kojak 
 460 1983
 
Bypass, Hama. 
 10 1982
 
Highway, Hazano-Idleb .
 20 1981
 

AQ Horns 20 1985
 
, -Widening and Resurfacing,Damascus-Dera'a 
 110 1980
 

Iliqhway, LattakiaTartous 
 90 1985
 
Additional Carriageway, Hama-Saraqueb
I 97 1985
 
lfiqhiay Spur, Tal Abiad1 
 30 1985
 
Hiiqhway, LattaJia-Ariha
Damascus Bypass . 100 1985
22 1985
 

Source:i 
 4th Five-Year Plan, State Planning Commission, and
 
interviews with Government officials.
 

The additional carriageway, Hama-Saraqueb, and the Lattakia-

Ariha Highway are not,.,committed under the TOR definition.
 
However, both have been preliminarily fond to be economically

feasible. The economic analysis for each is set out in
 
Volume VII.
 

3
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- Hama-Al Salamieh-Al Raqqa Highway (260 kms): Growing 
transport needs of the northeast region will be met by the 
improved rail operation, the Aleppo-Tal Kojak Highway, and the 
Tadmur-Deir Ez Zor Highway, all to be put in service by 1985. 
But by the year 2000, this road link may become a necessity in 
order to relieve pressures on the Al Raqqa-Aleppo and the 
Aleppo-Hama Highway. It is reported that the Hama Mohafaza has 
already started constructing this link with its own crews. A 
link connecting this road and the Tadmur-Deir Ez Zor road in 
the mid-point is also included in the alternatives. It would 
provide an almost straight line road connection between 
Damascus and Al Raqqa. 

- Aleppo Bypass (16.25 kms): Bypass roads around Homs and
 
Hama are already committed for construction. A bypass road
 
around Aleppo will likely be a necessity by the year 2000.
 

- Tadmur-Albu Kamal Highway (258 kms): If transit traffic
 
to Iraq from Tartous or Beirut through Albu Kamal is great
 
enough, cost savings by shortening the distance from
 
Tadmur-Dier Ez Zor-Albu Kamal would justify this project.
 

Construction cost estimates for these links are shown in Table
 

7.4.2.
 

Highway Betterment and Maintenance Program
 

The Consultants' highway betterment and maintenance program is
 
discussed in Chapter 3 above. The program is based on the geo
metric standards shown in Table 3.2.4.
 

Financial and economic unit costs were developed for the high
way betterment. They vary depending upon the type of road, the
 
terrain, and the region. Table 7.4.3 summarizes the results.
 

Maintenance costs were estimated as a function of the road type
 
and the traffic volume. The resulting equations for the per
 
kilometer annual maintenance costs are shown below:
 

Asphaltic Concrete: C = 2900 + 0.34 + 678 LN T + 300-

(2585) (0.27) (603)
 

- Hot Mix: C = 2520 + 0.45 + 678 LN T + 300 

(2243) (0.41) (603) 

- Bituminous Surface
 
Treatment: C = 1898 + 1.13 + 678 LN 00
 

(1671) (0.99) (603)
 

7-14
 



'I'ab]J 7.4.2 

r }N:;''Ik ("I' N ( :;l j;:;'lMA'rJ;-; (O' III(;iWAy:; 

INCLUDED IN YEAR 2000 ALTERNATIVE NE'WrjRK 

(Costs in million SP at 1980 prices) 

Hiqhway 
 Kilometers Financial Economic
 

Cost rnqt
 

Hama - Al Salamieh - Al Raqqa 
 260 233 
 207
 

Ale.: po Bypass 
 17 
 87 77
 

Tadmur 
- Albu Kamal 258 340 
 299
 

Source: Consultants' estimates.
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Table 7.4.3
 

FINANCIAL AND ECONOMIC UNIT COSTS OF BETTERMENT
 

KCsurfacing 	 Financial 

Econoaic 


W1 ,iCf1inik
F i aL
 
F! at 

Financial 

Economic 


Terrain 


:uo lina 

lerrain 	 Financial 

Economic 


Hilly 
.errain 	 Financial 


Economic 


Mountainous
 
Terrain 
 Financial 


Economic 


2 
(SP per meter ) 

X 

8.0 
7.0 

A 

8.0 
7.0 

B 

6.5 
5.7 

C 

2.0 
1.7 

161 
140 

80 
66 

46 
38 

30 
24 

(38) 

173 
144 

93 
78 

60 
50 

41 
34 

(51) 

180 
148 

123 
103 

83 
70 

62 
52 

(74) 

195 
162 

138 
115 

86 

71 

76 

63 

(79) 

Scurce: Consultants' estimates.
 

1 Widening costs for Class C roads in Al Suweida and Dera'a Mohafazat
 

are shown in parenthesis. 
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(Where T is the ADT, LN is the logarithm, and C is the per

kilometer maintenance cost in 
Syrian pounds. Figures in paren
thesis indicate the factors used for economic costs.)
 

Pavement surfaces deteriorate with time and the repeated move
ment of traffic over them. If surface conditions are measured
 
on a scale of 1 through 9, without maintenance, a newly sur
faced road with condition code 9 will eventually deteriorate to
 
condition code 1. For the alternative, with a proper mainte
nance 
program, the following deterioration rates per year were
 
assumed:
 

- for asphalt concrete surface:
 

R = 5/(15.5 - 0.001 ADT)
 

- for low type hot mix surface:
 

R = 5/(9.94 - 0.0011 ADT),
 

- for bituminous surface treatment: 

R = 5/(7.56 - 0.0022 ADT) 

(where R is the deterioration rate in points per year and AbT
 
is the average daily traffic).
 

For the alternatives without a proper maintenance program it
 
was assumed that deterioration rates would be twice 
as high as
 
those shown above, and the resurfacing would be applied when
 
the surface condition becomes the lowest grade.
 

Comparison of Alternative Scenarios
 

No alternative infrastructure developments examined for
were 

the period up to 
1985. Because of the long preparation time for
 
any major transport facility project, only fine 
tuning of the
 
transport sector will be possible as 
the policy alternative.
 
Moreover, alternative passenger pricing policies (the 2 percent

annual increases in relative costs r-d marginal cost pricing by

2000) would not result in a significant difference by 1985.
 
Therefore, no alternative scenarios 


in Table 


/ere contemplated for the 
period up to 1985. 

For the 
2000, 12 

combined system of road 
alternative systems were 

and rail modes 
tested. They are 

in the year 
summarized 

7.4.4. The cost 
comparisons of the alternatives are
 
shown in Table 7.4.5
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Table 7.4.4
 

SUMMARY OF SYSTEM ALTERNATIVES
 

Alternative Code Description 

Series A Passenger transport fares of rail, 
taxi, microbus, and bus fixed at 
present levels relative to each other 
but increased by 2 percent per annum 
relative to nontransport prices. 

AO Low rail share for commodity trans
port. Rail network addition to the 
1985 network is the new Hijaz line 
only. No new highway links added to 
the 1985 network. 

Al Low rail share for commodity trans
port. Rail network additions are the 
new Hijaz line and the Lattakia-
Tartous line. No new highway links 
added to the 1985 network. 

A2 Rail the same as in Al. Highway link 
additions are Tadmur-Albu Kamal, 
Hama-Al Salamieh-Al Raqqa, and the 
Aleppo bypass. 

Series B Passenger transport fares of rail, 
taxi, microbus, and bus will be set 
at economic marginal costs of each 
mode by the year 2000, resulting in a 
4 percent per annum price increase 
as a whole relative to nontransport 
costs, and changes will occur in 
relative prices among the modes. 

Bl Low rail share for commodities. Rail 
network additions are the same in Al 
and A2. Highway link additions are 
the same as in AO and Al. 
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Table 7.4.4 (Continued)
 

SUMMARY OF SYSTEM ALTERNATIVES
 

Alternative Code 	 Description
 

Series B (Contd.) 

B2 High rail share for commodities. Rail 
network additions are the same as in 
Al and A2. Highway link additions are 
the same as in AO and Al and Bl. 

B3 	 High rail share for commodities. Rail
 
network additions are the same as in
 
Al, A2, and B2 plus the Tadmur-Albu
 
Kamal line. Highway link additions
 
are the same as in AO, Al, and B2.
 

Note: Each alternative shown above was further divided into two
 
alternatives, with a second digit added. The second digit 1
 
indicates cases without the recommended highway betterment and
 
maintenance program and the second digit 2 indicates cases with
 
the recommended program.
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Table 7.4.5
 

COMBINED RAIL AND ROAD SYSTEM COSTS
 

(in million SP)
 

System Present Value of Economic
 
Alternatives Total System Costs Comparison Costs2
 

without Betterment
 
and Maintenance
 
Program
 

A0 1 65,128 65,128
 
All 65,208 65,208
 
A21 65,111 65,111
 

Fil 62,898 63,008
 
B21 62,813 62,923
 
B31 62,836 62,996
 

With Betterment and
 

Maintenance Program
 

A02 62,145 62,145
 
A12 62,225 62,225
 

A22 62,140 62,140
 
B12 59,900 60,010
 

B22 59,822 59,932
 
B32 59,890 60,000
 

Source: Consultants' estimates. 

Sums ',f cost streams for the period 
1981-2000 discounted to 1980
 

at 12 percent per annum discount rate.
 

For the B series alternatives economic costs for lost or
 

suppressed passenger trips are added to the actual system costs.
 
(See Table 4.4.3).
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Among the system alternatives 
tested, alternative 
B22 is
least the
cost solution. 
In other 
words, a combination 
of
following policies the

would result in achieving the least total
system economic costs for 
the combined rail 
and road transport


system in Syria:
 

- implementing 
the recommended 
highway betterment 
pro
g ram, 

-
 gradually changing passenger transport fares to achieve
marginal cost pricing by the year 2000,
 

- upgrading 
the rail network so that 
the rail mode would
capture higher 
snares 
than otherwise. 
This includes construction cf the Lattakia-Tartous line and 
some double tracking.
 

The largest cost savings come 
from the proposed highway betterment and maintenance 
program. Regardless of other
the 
 alternatives of 
 the system components 
 the 
 proposed betterment
program would produce 
a difference of SP 3 billion 
in terms of
present value, or 
roughly 5 percent of 
the total combined costs
of the rail and the road modes. 
If one examines the breakdown
of the total system costs, 
the effectiveness 
of the highway
betterment and maintenance program is obvious.
 
In all cases 
more than 63 percent of the total costs are
attributable 
to the road 
vehicle direct operating costs (VOC).
Any means of 
reducing or preventing an increase in road vehicle
operating 
costs is also effective in reducing the total.
particular, the In
preventive resurfacing is 
the most effective
since 
the road VOCs 
are very sensitive 
to the highway surface
conditions 
and the cost of resurfacing is relatively inexpensive. Moreover, total 
costs of resurfacing 
are not significantly 
lower without the program 
because highways deteriorate
much faster without the program and 
they have to 
be resurfaced
at the bottom conditions 
anyway. Thus 
the proposed highway
betterment 
and maintenance program would reduce the total road
vehicle 
 direct operating costs by 
 7 percent 
with little
increase 
in highway investment costs.
 

In 1978 the Government 
owned 12 percent of
fleet, which was heavy 
the total vehicle
 

in buses, 39 percent, and light in
trucks, 
9 percent. Assuming that per vehicle annual kilometers
of Government vehicles 
are not different from any other, 
it is
estimated that the Government bore 13 percent of the total road
vehicle operating costs 
 in 1978. If this 
Government 
share
remains stable, cost savings 
to the Government alone by the
highway betterment and maintenance program would be SP 390 million in present value, enough 
to cover the cost of 
betterment
 
projects.
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It should be noted that VOCs were calculated not only for
 
interzonal traffic but also local traffic on the primary road
 
network.
 

The policy cf gradual passenger tariff charges to achieve
 
marginal cost pricing for all surface passenger transport modes
 
by the year 2000 would lead to a substantial total system cost
 
reduction, more than compensating for the suppressed passenger
 
trips. Two factors contribute to this cost reduction.
 

As a proxy to establishing the long-run marginal costs a com
parison of passenger-kilometer and total discounted costs in
 
the year 2000 was made for each mode. By shifting passenger
kilometers every year from road to rail equivalent to one
 
passenger-kilometer in the year 2000, the total present value
 
of the rail mode increases by SP 0.33, but the total present
 
value of the road mode decreases by SP 0.49, resulting in the
 
reduction of the total system present value of SP 0.16. A
 
freight traffic analysis similar to the passenger traffic was
 
also made. In Table 7.4.5 the results show that by shifting
 
freight ton-kilometers equivalent of one ton-kilometer in the
 
year 2000, the present value of the rail mode increases by
 
SP 0.22, but the present value of the road mode decreases by
 
SP 0.30, resulting in a reduction of the total system cost
 
present value of SP 0.08. This occurs even though earlier
 
double tracking investments are required.
 

Alternative B1 and B2 carry the same number of passengers and
 
commodity tonnages, making the comparison actually that of
 
modal split. The data indicate that in order for the alterna
tive B1 to become the least-cost solution, rail costs should be
 
moze than 36 percent higher than the original estimates, or
 
conversel7, road costs should be more than 36 percent less than
 
the original estimates. It is unlikely for road costs to become
 
less expensive in thdt magnitude. Under the pressure of rising
 
enerqy and labor costs, the costs of the labor and energy
 
intensive coad mode would not decrease relative to others.
 

Rail costs depend very much on Lhe operating efficiency. A much
 
improved level of efficiency over the present lvrel was assumed
 
for all alternatives, although the assumed level is still lower
 
t.han those of European railways. If the rail mode is operated
 
at 62 percent of the efficiency assumed, the rail mode would no
 
longer be a favorable mode when earlier double tracking is
 
involved.
 

In summary the following conclusions can be drawn from the
 
above analysis:
 

- The proposed highway betterment program is expected to
 
yield high economic benefits regardless of rail operations.
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- The proposed marginal cost pricing for passenger
 
transport would result in substantial total system cost sav
ings, not only because it would suppress excessive passenger
 
trips but also because it would lead to a more desirable split
 
among m3des. Its effect of relieving the Government from exces
sive subsidies to passenger transport is also substantial.
 

- The rail mode is more cost efficient than the road mode
 
under normal circumstances even when the double tracking of the
 
Damascus-Aleppo line is involved. Efforts should be made in all
 
areas to ensure high rail mode shares of passengers and freight
 
through the level of service, pricing, marketing, and govern
mental guidances. The cost advantage of the rail mode, however,
 
depends on the operating efficiency, which could vary widely.
 
Efforts also must be made to achieve an operating efficiency of
 
at least 65 percent of the levei assumed in this study.
 

- The Tartous-Tattakia railway line should be constructed
 
after 1985; the Tadmur-Albu Kamal railway line should not be
 
constructed before 2000. The Aleppo Bypass, opening in 1995,
 
and the Hama-Al Raqqa and the Tadmur-Albu Kamal highways, open-
ing in 2000, are all economically feasible.
 

Evaluation of Road Modal Investments
 

General
 

Economic evaluation of road transport alternatives has been
 
carried out in three stages.
 

The first stage has been performed in the context of the total
 
transpor.t system cost. The Consultants analyzed aggregate
 
levels of investment on road improvements and vehicle fleet
 
expansion and of "ehicle operating costs against alternative
 
demand levels for road transport. Proper evaluation can only be
 
done in the context of total transport system cost.
 

The st-cond stage is the evaluation of road projects for the
 
period 1981 through 1985. Committid projects are not the sub
ject of the detailed economic evaliatio:, in accordance with the
 
TOR Section III.B.2.b. Such committed projects and existing
 
roads constitute the Consultants' base 1985 road nel-work, There
 
are, however, two projects that are included in the base 1985
 
road network but are not technically committed by the defini
tion. They are: the Lati-kia-Ariha new road and the Hama-

Saraqueb second carriageway.
 

Feasibility studies have previously been carried out for the
 
first two projects. The Consultants reviewed the study reports
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and found their conclusions acceptable. Projects subjected 
to
 
the Consultants' own economic analysis in this 
stage are the

Hama-Saraqueb second carriageway project and projects 
included
 
in the highway betterment and maintenance program. Evaluations
 
of these projects is presented below.
 

The third stage is the evaluation of projects for thie period
1986 through 2000. Probable- projects for this period have been
identified and preliminary evaluation has been carried out in 
terms of likely traffic volumes and possible range of benefits. 

Lattakia-Ariha New Road
 

The Lattakia-Ariha 2orridor is approximately i00 kilometers in
 
length and lies in a difficult terrain. The existing road pro
vides a very low level of serviceability. A feasibility study

of a new road for this corridor was carried out by an inter
national consultant, Lyons Associates, in 197/-1978. 
 Lyons

Associates concluded that the proposed 
four-lane highway was
 
technically and economically feasible. The total project cost
 
was estimated at U.S. $230.6 million, 
including the right-of
way acquisition and The escalation from to
1978 mid-project

point. The economic rate of return was calculated at 19.2 per
cent and the benefit-cost ratio calculated with a discount rate
 
of 15 percent was 1.5.
 

The above evaluation was performed for a highway
four-lane 

design because projected traffic volumes on project links
 
exceeded 4,000 vehicles per day, which was 
the Ministry of Com
munication's criterion for type road at that
this of time.

Lyons Associates performed a comparative analysis for a staged
 
construction of initial lanes an two
an two and additional 

lanes. The consultant concluded that within six years all sec
tions would require four lanes.
 

Again, the Consultants found that projected traffic shown in

this report did not significantly differ from their own pro
jections and that the methods used and 
the conclusions reached
 
were acceptable.
 

Hama-Saraqueb Second Carriageway
 

The north-south corridor between Damascus and Aleppo is the
 
most heavily trafficked route in Syria. A good part of it is
 
already served by 
a foar-lanc dua) carriageway and construction
 
is underway for the remairina part to extend the dual carriage
way except for the section between Hama and Saraqueb. A plan
 
does exisL for this section to complete the dual carriageway
 
over the entire length of the corridor, but the project had not
 
officially been 
funded by the middle of October 1980.
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The Consultants carried owt a brief study to determine the eco
nomic feasibility of constructing a parallell second carriage
way for this section.
 

Physical characteL 1'. ics of the existing and the proposed 
carriagways are shown in Table 7,4.6. Froject costs were esti
mated on the basis of - it costs shown in Table 7.4.7. The 
costs were allocated over the construction period of five
 
years. Benefits were calculated as the difference in vehicle
 
operatinq cost-s with, i-Ite project and without the project. The
 
C>t. siiltants' road venicle opt-rating cost model was applied.
 
Project(d tLaffic volumes were supplied by the traffic assign
ment :iodel. Road -"irfa( deterioration and periodic maintenance
 
were assimed foi ,he two cases of with and without the project.
 
Details u_ the models iave becii described previously. Resultant
 
cost and benefit sLreams are presented in Table 7.4.8 along
 
with economic evaluation iiidicators.
 

At the discount rate of 12 pt'cent per annum the net present
 
value is ostimated at SP 897 million, the benefit cost ratio at
 
11.3, and the economic rate of return at 60 percent. The very
 
high level of benefit is due to relievirg congestion. The
 
project is economically feasible.
 

Highway Betterment and Maintenance
 

Methodology
 

A direct consequence c-f poor road surface or inadequate width
 
relative to trattic levels is the higher cost of operating
 
vehicles over such roads. The direct benefit of highway better
ment and maintenance is the cost differential of vehicle opera
tion between the cases with and without such betterment or
 
maintenance. If the discounted present value of such benefit
 
exceeds the present value of such cost, the betterment or main
tenance operation is economically worthwhile.
 

A c.mputer model for the economic evaluation of the highway
 
betterment and maintenance program has been developed by the
 
Consultants. It performs the following for each road link of
 
the network:
 

- determines year b, year ADT after accepting results 
from the traffic assignment model, 

- calculates annual betterment costs whenever economi
cally justifiable under the projected ADT stream following the
 
highway betterment and maintenance program,
 

- calculates annual resurfacing costs when applicable
 
under the existing practice,
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Table 7. 4. 6
 

HAMA-SARAQUEB DUAL CARRIAGEWAY CHARACTERISTICS
 

Existing Carriageway Second Carriageway
 

-er :th (Kilometers) 85.5 85.5
 

Pavement Width (Meters) 7.3 7.3
 

Surface Type A.C. A.C.
 

Averaije Grade (Percent) 3-5 3-5
 

:.en,;th at- Graide 

,Kilometers] 9.9 5.0
 

N~imbei ol cuives 1 0 

Nuinber of Side 
ir i tions 10 10 

1979 Two-way ADT 9560 
Estimated 1985 ADT 12950
 
Estimated 2000 ADT 
 29540
 

Table 7.4.7
 

HAMA-SARAQUEB SECOND CARRIAGEWAY UNIT CONSTRUCTION COSTS
 

(in thousand Syrian Pounds per Kilometer)
 

&ost Item Financial Costs Economic Costs 

, nst Iuction 1 ,232 1 ,084 

Kiiht- of-Wav 140 140 

Enqineerinq and Control 185 185
 

Contingency 185 157
 

TOTAL 1,742 
 1,566
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Table 7.4.8
 

HAMA-SARAQUEB ADDITIONAL CARRIAGEWAY ECONOMIC EVALUATION
 

Discoinr I-ate .120 

Present Vilue of Benefits 984 

Prs(r t Value of Costs 87 

Net 7r-sent Value 897 
b riA it Cost Ratio 11 .26 

nter:;al Hate of Return 60% 

1 ,n lcfits Costs 	 Year Benefits Costs 

I -)40 0 0 	 2001 341 0 

1-J81 0 0 2002 302 0 

19L 0 20 2003 335 0 

11-63 0 33 2004 341 0
 

0 33 2005 302 0
1984 


40 	 335 01985 0 	 2006 

7 2007 341 0
 

0 302 0
 

1986 153 


1987 140 2008 


1,8 157 0 2009 335 0
 

19I3 166 0 2010 341 0 

1990 153 0 2011 302 0 

1991 1,15 0 	 2012 335 0
 

0 	 3411092 207 	 2013 0 

2014 302 01993 196 	 0 

228 0 	 2015 335 0
1994 


V,95 235 0 2016 341 0
 

0 2017 302 0
199 225 


0 335
1997 264 	 2018 0
 

2019 341 0
1998 283 0 


1999 272 0 2020 302 0
 

2000 318 	 0 

Source: Consultants' estimates.
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- calculates annual maintenance costs, 

- calculates annual total vehicle operating costs (VOC)

as a sum of VOCs of eight vehicle types over the link for the
 
with and for the without case.
 

The economic evaluation of link betterment is carried out 
on

the basis of the first year return for the widening and on the
 
basis of the benefit cost ratio for the resurfacing with the

bcnefit being the VOC differential between cases
the with and

without the work. (The benefit-cost 
ratio was used for resur
facino because of its shorter life.)
 

The model also total costs
accumulates system 
 over the entire
 
network to be used in the system evaluation explained above,

and total costs by Mohafaza for the purpose of developing the
 
road betterment and maintenance budget.
 

Friority Ranking of 
Primary Road Betterment Projects
 

Table 7.4.9 indicates the priority ranking by year of 
the pri
mary road network based on the above. 
Only economically justi
fiable projects were selected. This priority ranking evaluation
 
by year was based on the first year return (FYR):
 

First Year Benefits
 
Betterment Costs
 

The projects are 
listed in Table 7.4.9 in priority order by
 
year. Where the same link shows projects in successive years,

e.g., Damascus-Zabadani, it will 
almost certainly be advisable
 
to combine them into a single project. This will have to be
 
determined on a link by 
link basis. There may also be instances
 
where this will apply to projects two years apart, e.g.,

Ma'arrat-Ariha.
 

7.5 RFCC ENDED INVESTMENTS
 

5th Five Year Development Plan
 

The Consultants' 
 recommended investments 
for the 5th Plan
 
period are shown in Table 7.5.1. These are public sector in
vestments and 
do not include investments in the motor vehicle
 
fleet required over the 5th Plan period, which are largely pri
vate sector investments. The Consultants' 
estimates of motor

vehicle fleet requirements, which discussed
are in Chapter 4,

total SP 
 8 billion in foreign exchange for the 1981-1985
 
period.
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Table 7.4.9 (Cont'd)
 

FPI'H1-" ', i F:ETTFPIINT F-PcJEC, T PFWJYN, E:Y f-IRSI YEF P:i r. ±1 _-_ 

P A N I: I N GLINI L i Qa 14 1'O-i--F'CH LENLJ2 IH N '1I-F'EPHiI .,CI 1981 1982 1982 1984 1985 

LHf 10 L Hr:It;, .CUS-CAIIE$FIr,&IAN I ,I'MASC:LIS -f ,J(JNNG PES,..J 20 1 0 0 0 
:e.6 I"',ILE;IEH-HT1A H-MIAI 42 50 'E'.URFRCIJ:; 21 0 0 0 0 

' 
5c506 ERE: AL HARA-ALEPFO ALC'FPO 1 9 0 RESLIFFFCIN4G 22 0 0 0 0 

2Csc4 2'9 "RLAr1IA-HOPI HOMS 40 RESLIP +WtJ'rj 23 0 7 0 0 
224 51?" TAFTar& Z-rIA-AqPRT I DLEE: _00 RESLIFFrr - NG 24 0 0 0 0 
-F401 905 IFFMISHL I-AFS AL AIN AL HASSAIz<E "64 0 RE-LIRFACI-, 25 0 0 0 0 

-1714 -:1 .,5RLEF'F',7-IZAZ ALOF'PO 20. 00 RESLIFACING 26 0 0 0 0 
24aQV 2404 r'1ISSIAF-HFMR HAMA 6. 60 RESURFACING 27 0 0 0 0 

1:'95 390A KAMi1 SHL I-RAS aL AIN PL HF-.SAKE 40 FESUR. +WDNNG 28 21 0 0 0 

KArIISHLI-RAS AL F1141 AL HASSAKE 7. 70 RESURF-CING 29 0 0 0 0 
'24.-. IFTFiJFFZ-I[.LEE; IDLEE: 14. 30 RESURFACING 30 0 0 0 0 

IFRIN-TURKEY E:Ca HLOPF'CkE" 8. 90 PESLIR. W14INNG 31 29 0 0 0i 
2 i: 2204 ,-HLFIMIA-MVI SSIRF HuClSt 48. 30 RESURFACING 32 0 0 0 0 

751 7 ':h DER EZ CR-AL HASSAKEH ["IENE EZ ZOR 64. 10 RESURFACING 33 0 0 0 0 

:'16 -25 AL F:R':A-DEP EZ ZOR DIER EZ ZOR 62. 30 RESURFACING 34 0 0 0 0 

2914_t911 ILEE:-HAP'E.1 I ('LEE: 9. 60 RESUR. +14DNNG 35 34 0 0 0 

20:. 216 AL FR',' R-L,EF" EZ ZO AL F:AQA t.9. 90 RESURFACING 36 v 0 0 0 
-12 :16 D A.C1_S--T iLl1P• 

DAMisCU S, 83. 40 RESURFAC I NG 37 0 0 0 0 

.... 5 KA.IIMISHLI-'RS IlL AA AlL HF-SAVE 75. 60 RESURFACING -8 0 0 0 0 



Table 7.4.9 (Cont'd)
 

S i-'. P i", EL 'i I.L" r iLi-'r* 14' '1 4NIN., [:',' I- 'I L TTLIP I oI-F.? F -:' I;-L N 


F A N I" I N,1 G 
L IrI L I. I A T 1 I04 11:IHIFFCN LFNrJrH (1:11)O.PFFHT' ION 1981 1982 1983 1984 1985 

4cu+"14.'1. ".I-LI -E'IU.FMt I'lL-I. L' 1 20 LItNG 13 0 l 8 

'1'; . l IFF'N-IZAZ- lESL- 40 

,H'54 FIF I-TI-:L :11, l-L -'6 

HLCIFF-I 3 5' R +L-.[,PJN' 22 0 0 0 

H:i IT'H _ RESUFR IJG 41 0 0 0 0 

.'F P' E1: IOP-AIL HF$S'_-. FI H I. HF:':.I E .I 2 FESFFFCP ING 42 8 0 0 0
. 1: - '3 FILrI.IFIt I ,J-ALE:U I M HL -: - E _-._IFF !3 0 0 0?[, ['IE h" .LCT" O :-::0 C I 4A 

10 c716 IZ7;:'R- UrE1FA CHi'-,JE ITFI 1 00OI E IF:FFI rIG 44 0 0 0 0 

50: 2 0 DLEBE-FILEPEC' I(',LEE: 3. 70 'ESURFAC I NG 45 0 0 0 0 

2_,:- 2 sR.IILE:IEH-HAIMA HFI'R -0740: CA0 ESLIFRFC:ING 46 0 0 0 0 

2I06 291± iDLEE:-HAREM 
 IDLEB 20. 40 RESURFFiCING 47 0 e 0 0 

2-05 2206 3ALAR'I F-HCI,.l H,-S 7. 0 RESLI. +WDNNG 48 42 8 0 , 

1102 1102_-: SFILfHAE,-E:,-,U'S F:A L SIJ1EIDA 1<. 0 RESLFAFCING 49 0 0 0 0 

:50-- :t,04 IZRZ-TLIFIEY E:OR'ER HLOFFO 4. 40 RESLIFFICING 50 0 0 0 cl 

2206 2209 SILAMI R-HOrS HFIA 16 50 RESURFACING 51 0 0 0 8 

2 2flk2 HAM'FiF:FRT-HF'IIFI IDLES 2. 3:0 HDNNG. +RESUR 52 0 1 0i l 

£-:t,>_. IF-E;VIAI-:405 r-l'_.. 
 HHItA ±,. 10 RESLIRFACING 53 8 0 0 0 

gjlc. IDLE:-Ii'Ei ICOLEE: 4 50 RESUI. +I'JDNN'3 54 51 0 0 0
 

IU I:' 5C2 E:H: HL HMWA-HLE.I'I': ILE E: 8. 60 RESURFRCING 55 8 0 0 0 

:"± so:4 E:UI f:3_,IHiInI -1 HLI-ll" HItl.. 41. 10 RESLIRFACING 56 0 8 0 0 

:Ui ":: FILEFF-EArT 01 HLEF'F'L ALCLF'PO 10. 80 RESLIRFACING 5. 0 0 0 0 
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Table 7.44,9 (Cont'd)
 

PPIMR'Y P'OD BETTERMENI PROJECT PANKNG SY FIRST YERP RETURN 1981-1985
 

LINKl. L 0 C A T 1 0 N MOHAFRZR LENGTH -,KM) OPERATION 

R A N K I N 

1981 1982 1983 ±984 

G 

1985 

3A06 3511 IZP,Z-IFRIN 

143C': 142e'R1FiI.LIS-AL SUWEIDA 

-:02 3 :1 IFPIN-TURKEY BORDER 

ALOPPO 

AL SWEIDA 

ALOFPPO 

3.20 

62. 70 

8. 90 

RESURFACING 

RESURFACING 

RESUR +WDNNG 

0 

0 

31 

27 

28 

29 

0 

0 

0 

0 

0 

0 

0 

0 

0 

14 1408; 

1404 14017' 

202 270-

[,Rt1Fr.H1SCIE-AL SUWEIDFi 

[,Ar.lAI_-,-U'SAL LUWEIDA 

SALAMIF-HAMA 

DFARFiFi 

DAMASCUS 

HAMA 

. 50 

23. 4-_1 

29.10 

RESURFFCING 

RESURFiACING 

RESURFACING 

0 

0 

0 

38 

31 

32 

0 

0 

0 

a 

0 

0 

0. 

0 

0 

-j
'I 

260E: .26A 

2911 22914 

3_, -

602 603 

SUIILFIEH-JISR SHUGH. 

IDLEB-HAREM 

DER E ZOR-RL MAVADIN 

TADMUR 

HAMA 

I C'L .b 

DIER EZ ZOR 

HOMS 

20.50 

9.60 

40. 61 

1.10 

RESURFACING 

RESUR.+WDNtNG 

RESURFACING 

RESLIRFACING 

0 

35 

8 

0 

33 

34 

35 

36 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2609 2610 

2012' 12E: 

3'33 304 

SUC!ILBIEH-JISR SHUGHOUR 

SAFFITR-THRTOUS 

AL TRBKRH-RLEPPO 

IDLEB 

TARTOUS 

ALOPPO 

8. 00 

2. 10 

93.10 

RESURFACING 

RESUR.+WDNNG 

RESURFACING 

3 

0 

8 

37 

38 

39 

0 

4 

a 

0 

0 

0 

0 

0 

0 

304 :08 

131 1-'02 

TRBKFH-AL PR R 

RL SLIEIDA-IZRA' 

AL RAQQA 

AL SWEIDR 

78.±0 

5.50 

RESURFACING 

RESUR. +WDNNG 

0 

63 

40 

41 

0 

a 

0 

0 

0 

0 

2205 2206 SALAMIA-HOMS HOMS 7.7e RESUR +WDNNG 48 42 0 0 0 

114 1105 SALKHRD-BOUSRA DARAR 4.50 RESURFACING 0 43 0 0 0 

2606 2607 

221 222 

SUQRILeIEH-JISR SHUGH. 

ARIHA-SPRRQLB 

HAMA 

IDLEB 

5.20 

2.78 

RESURFACING 

RESURFACING 

0 

0 

44 

45 

0 

8 

0 

0 

0 

0 



Table 7.4.9 (Coat'd) 

F'PIM.Ih H'E L I71TEFMEI T F' ,.rI-'rT rii ?463 E:'.'FI f-1 YEHP FETUPf4 19_:1-I , 

F' A N Ic I N G, 
LItl L 1: C H T I 0' 4 f,.'HFiI f -C LEN,'IH 0t:M OEF'FTICri 1:-)81 1982 1983 1984 1985 

2' Jb::: ':.-QILEHIEH-J1-. ZHUGH Hi'!1iR 21 70 PESUP +WLJFJG 0 46 19 0 0 

1I l'1- IJI. HI-E:t 1CFF pFILILHF 1 1 l RESUP +LD?4NG 0 47 B E 

16i: 1eot-14 FHrlF.C_I-ZE:FfforI [,FI.I'AEI$CUS so RESLF *W',NG 1 48 0 0 40 

1iAC' 110:24 E:lI_.FA-E.,EPFR A [AFFAR 25 90 FESUPFFCING Ci 49 is 0 C. 

t,.::4±90- HCf ;.-F/L-,_AE I F HI-IS 2. 90 FESLIFFACN14l 0 50 0 0L 0 

2905 296 H1LE:-HAFEr-i IDLEE: 4 50 F:ESUP +4,NNG 54 51 0 0 0 

l10: 1104 SAFL, HAL-E. AL SWEIDA 3. 40 FESUPACIN,- 0 52 0 0 0 

150 I: l H'-z.FtE:-LiTTAKICI LTFsKIR 16.90 RESLIP: +WEr4JCG 9 53-7 0 0 i 

1401 14L;:C ,-";Fv-C:_--L SL'WEIEFi DAIr-CUS . 80 PESUIRFACING gi 54 Es 0 0 

105 106 KL$SAE-LaTTRKIR LATTAKIR 13.40 RESUR. +WDNNG 64 55 0 0 0 

.-t11 2011. SRFIlA-T FI'L TFtRTOUS 4. 30 RESIR +WDNNG 0 56 20 L L 

140: 1 -04 [,(FIIIF'CL-C.<-L DUAEMDAE SCUS .80 RESUR +IDNNG 0 57 21 0 0 

St F',IH:_C'5-.FPr DAMASCUS 2. 60 WIDENING 0 58 0 0 0 

2:-:u -:- mA PHRFT-AF1lHR IDLEE: 2. 30 WDNNO +RESUR 52 L 1 C4 ci 

:':,-- ' .t' AIIIHLI-RRS AL 1IN RAL HASSFKE .40 RESUP. +WDNNG 6 0 2 3 0i 

j.:16 81. ABU:1AL SHAMAT-TiNF HOmS 17. 80 RESURFRCING 0 0 .3 0 L 

21u. I': SFF iTF-IAHTTOLS TRFTO.'U. 2. 10 FESUR. +L4EiNG 0 38c: 4 0 L 

40o4 20-t, HtCirlS-SAiF I1 R TARTL:US; . 10 RESUR +WDNNG L 0 5 10 0 

$112 i6:$ DRMrISL;C.S-ZHiE$ADFINI DAF-M:;:C US 2. 00 RESUR +WDNN3 P0 7 6 0i 0i 



Table 7.4.9 (Cont'd) 

PRIMARY ROAD EETTERMENT PROJECT RANKNG BY FIRST YEAR RETURN 1981-1985 

R A N K I N G 

LINK L 0 C A - 1 0 N MOHAFAZA LENGTH <KM) OPERATION 1981 1982 1983 1984 1985 

2204 2'05 SALAMIA-HOMS HOMS 2. 40 RESUR. +WDNNG 23 0 7 0 8 

1105 1106C HLI: AD-EOUSRA DARRA 1. 10 RESUR. +WDI4NG 0 47 8 8 8 

2616 2619 JIR SHUiGH0LUF:-HHRM IDLEB 10. 40 RESURFACING 0 0 9 0 0 

502 50: BAP AL HAWA-ALEPPO IDLEB 4. 60 R7SURFACING 0 0 10 0 0. 

406 407 HOMS-TAL KALAKH HOMS 35.10 RESURFACING 0 0 11 0 0 

2007 2008 SAFITA-TARTOUS TARTOUS 2.70 RESUR.+WDNfNG 0 18 12 0 0 

2201 2802 MA'ARRAT-ARIHA IDLEB 20. 30 RESURFACING 0 0 13 0 0 

409 411 HOIIS-TAL KAFLAKH HOMS 7. 60 RESTR. +WDNNG 0 0 14 4 0 

511 512 BAB RL HP4A-ALEPPO ALOPPO 2.40 RESUL+WDNNG 0 5 15 0 8 

412 2001 HOMS-SAFITA HOMS 11.20 RESUR.+WDNNG 0 0 16 0 14 

559 812 DAMASCUS-FSU AL SHAMAT DAMASCUS 6. 80 RESURFACING 0 8 17 0 8 

2001 2002 HOMS-SAF ITA HOMS 2.20 RESURFACING 0 0 18 0 0 

2607 2608 SUQRILBIEH-J1SR SHUGH. HAMA 21.70 RESUR.+WDNNG 0 46 19 8 0 

2010 2011 SAFITP-TARTOUS TARTOUS 4.30 RESUR +WDNNG 0 56 20 0 0 

1403 1404 DAMASCU%-AL SUJWEIDA DAMASCUS .80 RESUR.+bNNG 0 57 21 0 8 

2095 2007 HOS-SAFITR TARTOUS 19.90 RESURFACING 0 0 22 0 0 

2002 2084 HOMS-SAFITA HOMS 26. 30 RESLR. WDNN4G 0 0 23 £2 a 

1605 1G06 DAMASCL'S-ZRSR I DAMASCUS 1.00 RESURFACING 0 0 0 1 8 

0160160, DHMRSCUS--ABRpDNI DAMASCUS 1. 20 RESURFACING 0 0 0 2 a 



Table 7.4.9 (Cont'd)
 

TE I-T PW-I J ','F I PST YEAR RETURN 1981-1985IF I'HF;-' Fitil, :ETTEFIhEIJ r F'F'I-, 

P A N K I N G 
T 19S2 1982 1984 1985

L I 'J L -' C. A T I C' N rFiOHAF HZH LENGIH 0.M) C''EFI ION 1961 

2401. 4C. f1IS'SIFIF-HIR HFIIA 3 10 FESU-.&. -WD4NNG 5 0 0 3 0 

4L. 411 HC'FI-1HL KFiLFIH Hri"1$ 7. ,, ESI_F'. +(j[,rNNG 0 0 14 4 0 

T 
° 
,. oc-".a ,'in-_ I'_;.[, 'F, D-[ I1SCU' 9. 90 F'ELIRFFiC 1NG 0 0 0 5 0 

.i.6 ,01 gE. FL.Hf:lrtT-mH;".F' H;-mlS.. 54 C0 FCEISUPF FiC I1 .6 0 0 0 6 0. 

" 24 FIFIH.-'_.ACIUEE: ILEE: 18. 2C1 PFEStlRFAiC I P1G 0 1 0 7 0 

10' 21: LlITAI-IFI-JISF: $.HUGHUIR LATTAV 'IFi 6, 70 RESUF:FACNG 0 0 0 8 0 

160, 1 CAM FII,;:CLIS-RAEFIDFII.I DArIASCUS 6. 60. F:ESLRFFICING 0 0 0 9 0 

"-CL14 C'005 HCi-,J-SAF ITR TAFTOLIS . 1C RESIR +WDNNG 0 0 5 10 0 

- t2'14 LFVI IA IRA-JII F. 'SHUI-,HUR I [LEE: 10. 40 FESUP: AC ING Ci 0 0 11 0 

2 i04M' -. ITA 26. ": ESEUR. +t4DC,4G 0 0 23 12 0 

4001 "tHF FC,;E:IR -tIAL1'IFIH HL HFSS;KE -34. O RESURFACING 0 0 0 0 1 

1 521'FEE:-RL M ARRFIT ILFE: E.i. 6 RESURFACING k 0 0 0 2 

t--04 i4 . Fi-FI-IH-TIL HE:IRA, -L RF,, 11.. 60 RESLIRFACING j 0 0 0 3 

I-i i n2 EH--E;F.rNIrFiS LATIHKI 22'. 20 RESLIRFACI NG 0 0 0 0 4 

F-..Rh EH-'" R OUROUE: I AtL HASSIKE 28: 4C RESURFACINt: 0 0 0 0 5 

- -: i 'F-I-.U-LEE:.O'DEUP "I1MFA-'CL'S 2$-. i) RECLIR HC ING 0 0 0 0 6 

12- 12 4 1HR T :.-BFN I IS I FIRiOUS 2. k 'RESURFACING 0 0 0 0 7 

c": -:' LA.I:t -LEE BC,.DF 
' L"RMASCLIS 4. 60 RL&UPFACING 12 0 0 8 8 

112 114 JAF:LEH--EIHS IAPRIL US 4. 40 RESLRF: I NG 0S 0 0 0 9 



Table 7.4-9 (Cont'd) 

PP.Ir1ARV ROAD E:ETTERMENT PRC'JECT RFINKNG E:Y FIRST YEAR RETURN 1991-1985 

LIrJW. L 0 C: A T 1 0 N MOHAFRZR LENGTH O<M) OPERATION 
R 

1981 
A N K 

1982 1983 
I N 
1984 

G 
1985 

12;: 129 IRFP:TOUS-LEE-. BORDER TRRTOUS 14. 30 RESURFACING 0 0 8 0 1 

100o 572 [,Ar'ISCUS-ERRA' DRAR 52. 60 RESUPIFCING 8 8 0 e 11 

216 21'4 JIS AL SHLIGHOLIRP-RFIHA IDLES 40. 70 RESURFACING 0 a 0 e 12 

0D 12 0 122 E: IFS- TAFR TOLIS TARTO',S 4. 70 RESURFACING 8 e 8 0 13. 

412 .i&0l H~rM,-SAFI T HO:S 11. 20 RESUR. +W)NNG 8 8 16 8 14 

4CC 4u7 HLUIS-THL KALHKH HOMS 45. 20 RESURFACING 8 8 0 8 1.5 

224 51G ARIHA-SARAQUEE: IDLEB 2. 20 RESURFACING 8 8 8 8 16 

59: 1020 NRIAEK-HOMS HOMS 2.20 RESURFACING 0 e 0 17 

597 1015 CI ASCUS-NABEK DAMASCUS 4. 75 RESURFRCING 8 8 8 8 18 

591 592 DAMRSCUS-NABEK DAMASCUS . 25 RESURFACING 0 0 8 0 19 

594 595 NAE:EK-HOMS HOMS 21. 75 RESURFRCI NG a 8 0 0 20 

596 597 NFE;EK-HOMS HOMS 5. 90 RESURFRCING 8 a 0 0 21 

Sources Consultants' estimates. 



Table 7.5.1
 

PROPOSED RUAD DEVELOPMENT PLAN 1981 -1 985, BY PROJECTS 

(1979 SP - Millions) 

1981 1982 1983 1984 1985 Total 

?rimarv Network 

A. Projects Carried Forward 

scu s-A.ip-o Autostrad 

Ma loula-Ho .2)d Road 
Al eppo--SaraqueoL 
Homs-Hama 
Damascus-Ma'loula Jct. 
Hama-Saraqueb, 2nd Road 
Horns Bypass 
Hama Bypass 
Ma'loula-Homs Resurface 

21.0 
12.0 
11.7 
10.0 
33.3 
8.0 
2.0 

15.0 

33.3 

11.8 

33.2 33.2 

-

21.0 
12.0 
11.7 
10.0 

133.0 
8.0 
2.0 

Total 113.0 45.1 33.2 33.2 224.5 

Second Group Autostrad 

Damascus--Jordan Border 
Damascus-Lebanon Border 
-al-Kalakh Diversion 
Akkari-artous 

-artous-Lattakia 
ZLattakia-Ariha 

30.0 
22.4 
20.0 
25.0 

10.0 
25.0 

70.0 

20.0 
20.0 

35.0 
55.0 

70.C 

9. 
20.0 

60.0 
85.0 

90.0 

20.0 

60.0 
90.0 

40.0 

18.0 

8?.0 
127.0 

300.0 
22.4 
49.0 

103.0 

247.0 
382.0 

'TIota 132.4 200.0 244.0 260.0 267.0 1,103.4 

3. Aleppo-Tal Kojak 

Aleppo-Kara Kojak 
Kara Kolak-Ain Issa 
Kantari-Tal Tamer 
Tal Tamer-Tal Alo 
-a] Alo-Tal Kojak 

,5.0 
10.0 
15.0 
15.0 

8.9 

20.0 
14.0 
20.0 

30.0 

25.0 

9.0 

30.0 

30.0 

35.0 

15.0 

47.3 

105.0 
24.0 
44.0 

157.3 

8.9 

Total 63.9 84.0 64.0 65.0 62.3 339.2 
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Table 7.5.1 (Continued) 

PtOPOSED ROAD DEVELOPMENT PLAN, 1981-1985, BY PROJECTS 

(1979 SP - Millions) 

1981 1982 1983 1984 1985 Total 

4 Oth r 

Jabieh-Ain Sharkieh 
Nasrieh-Qariatain Phosphate 
Damascus-Baghdad 
Tadmur-Deir Ez Zor 
Fur.:os-Phosphate 

Damascus Bypass 

10.0 
8.0 
6.6 

15.0 
5.0 

80.0 

20.u 
10.0 

15.0 
8.0 

130.0 

15.0 
10.0 

10.0 

110.0 

3.0 
45.0 
31.0 

6.6 
40.0 
13.0 

32).2 

Total 124.6 183.0 145.0 3.0 455.6 

Total Projects 
Forward 

carried 
433.9 512.1 486.2 361.2 329.3 2,122.7 

i:..New Projects 

5. Primary 
proq ram 

roads-betterment 
34.3 43.7 6.9 13.7 12.0 110.6 

b. Secondary and tertiary 
roads-new ioads 84.0 84.0 85.0 86.0 87.0 426.0 

7. Secondarv and tertiary 
roads-betterment program 32.7 23.6 45.8 52.7 49.0 203.8 

8. .ural Poads 75.0 6 - 1. 61.1 42.3 301.6 

Total New Projects 226.0 213.4 198.8 213.5 190.3 ,042.0 

TotaI Road 659.9 725.5 685.0 574.7 519.6 3,164.7 

Source: Consultants' estimates.
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Priorities
 

For the 5th Plan pe-iod, the Consultants recommend the follow
ing order of priorities, for the reasons given:
 

1. Committed projects. These are specified in the Terms of
 
Reference.
 

2. Equipment needed 
 to utilize existing and committed
 
transport facilities. Port equipment shows a net
 
present value of benefits over costs of SP 24 million
 
over 
a 10-year period. The rail equipment and road
 
vehicles are essential for utilization of the facili
ties, given forecast demand. The mix recommended is 
based on the least total system cost alternative, as 
discussed above. 

3. Air navigation equipment. This equipment cannot be 
justified or ranked based on economic analysis. The
 
equipment recommended is that required to bring the
 
system up to agreed international standards.
 

4. Two new primary road links. These links are 
integral
 
parts of otherwise committed projects and each of these
 
shows a high economic rate of return. The rates are:
 

- Lattakia-Ariha: 
 19.2
 
- Hama-Saraqueb: 60.0
 

5. Road betterment program. Over a 40-year period, the
 
road betterment program produces net present benefits
 
that exceed 
net present costs by SP 3 billion. A
 
nationwide priority ranking of individual primary

road sections is shown 
 in Table 7.4.9 above. The
 
ranking is based on the first-year return of each
 
project.
 

6. New secondary and tertiary roads. The Syrian paved road
 
network has doubled in the last 10 years, and 31 per
cent of the network currently has average daily traffic
 
volumes of less than 400 vehicles per day. These facts
 
support the conclusion that secondary and tertiary road
 
construction in the 
5th Plan period should consist of
 
upgrading existing earth roads to gravel standards and
 
constructing 1,045 kilometers of new gravel and
 
rural access roads. (The supporting analysis is pre
sented in Section 3.5, Chapter 3 of Volume IV.) Analy
sis of the benefits of improved or additional rural
 
access roads must a link by
be done on link basis. The
 
preferred methodology is an analysis of development

potential in the area influenced by the road. Even if
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the requisite data were available, the level of analy
sis would be beyond the scope of a national transport
 
study. Studies elsewhere indicate that rural access
 
roads can have a sicgnificant social and economic devel
opment impact. However, in the absence of specific

benefit data, the Consultants consider that the rural
 

as 
 a 

than the paved road betterment program with its high
 
net present benefits over costs.
 

access roads, a group, should have lower priority
 

7. Domestic air service. If n-cessary, infrastructure
 
improvements at domestic airports are included; the net
 
present value of costs for a domestic air service sub
stantially exceeds benefits. The system 
as a whole can
 
only be justified on sociopolitical grounds.
 

Road Betterment and Maintenarnce
 

The 1981 through 1985 financial investment cost of the primary

road betterment program and the estimated primary road main
tenance costs by Mohafaza and for the whole country are in
 
Table 7.5.2. Width and surface condition deficiencies in the
 
primary network have been evaluated for the 1981 through 1985
 
period. Maintenance costs were 
derived from forecast pavement

deterioration based on projected average daily 
traffic. The
 
network evaluated is in the existing 1979 network plus projects
 
to be constructed during the 5th Five-Year Plan period.
 

In summary, the total 
cost is SP 225 million (betterment SP 110
 
million, or 49 percent, and maintenance SP 115 million, or
 
5! percent)
 

Table 7.5.3 shows the 1981-1985 financial investments for the
 
road betterment program and 
the estimated maintenance costs for
 
secondary and tertiary roads by Mohafaza and for the country as
 
a whole. The methodology is the same as that used 
for primary

roads, applied to the existing network.
 

In summary, the total cost 
 is SP 393 million (betterment,

SP 204 million or 52 percent, and maintenance, SP 189 million
 
or 48 percent).
 

Probable Transport Investments 1986-2000
 

The Consultants' forecast of probable investment requirements
 
for roads for the period 1986-2000 is shown by plan period in
 
Table 7.5.4.
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992 

TjII- 7.5.2
 

-INANCIAL COSTs OF PRIMARY ROAD BET'ErRMENT/MAINTENANCE PROGRAM 1981-1985
 

Mohafaza Type of Operation 1981 1932 19G3 
 1984 1985 Total
 

Damascus Resurfacing 1,208 5,908 238 
 702 2,905 10,961

Widening 81 
 771 140 

Betterment Total 1,289 6,679 377 
 702 2,905 11,953
Maintenance 2,276 2,294 
 2,317 2,344 3,088 
 12,319


Total 3,565 8,973 
 2,694 3,047 5,993 24,272
 

Aleppo Resurfacing 6,326 5,729 
 12,056
Widening 
 4,174 197 
 4,371

Betterment Total 6,326 9,904 197 
 16,427

Maintenance 2,528 2,517 2,510 2,519 
 3,070 13,144


Total 8,855 12,421 2,707

-J 

2,519 3,070 29,571 

Homs Resurfacing 1,270 1,465 1,777 775 5,287

Widening 
 195 86 1,745 401 2,426

Betterment Total 1,270 1,659 
 1,863 2,520 401 
 7,713
Maintenance 3,786 3,811 
 3,845 3,817 5,613 
 20,873


Total 5,056 5,471 
 5,708 6,337 6,014 
 28,586
 

Hama Resurfacing 3,671 3,117 
 6,787

Widening 
 889 1,905 2,793

Betterment Total 3,671 3,117 
 889 1,905 9,580
Maintrnance 1,545 1,533 1,541 1,553 
 1,921 8,093


Total 5,216 4,649 2,429 3,457 1,921 
 17,673
 

Lattakia Resurfacing 585 
 5,668 6,253

Widening 
 1,855 
 1,855
Betterment Total 
 585 1,855 5,668 8,108
Maintenance 842 831 
 826 825 1,320 4,644


Total 1,427 2,686 826 6,493 
 1,320 12,751
 



Table 7.5.2 (Continued)
 

FINANCIAL COSTS OF PRIMARY ROAD BETTERMENT/MAINTENANCE PROGRAM, 1981-1985
 

1984 1985 Total
Mohafaza Type of Operation 1981 1982 1983 


3,073
Dera'a Resurfacing 1,046 2,027 

34 
 34
Widening 


3,108
Betterment Total 1,046 2,027 34 

6,030
Maintenance 1,084 1,073 1,057 1,045 1,771 

9,137
Total 2,130 3,100 1,091 1,045 1,771 


Tartous Resurfacing 980 754 1,134 2,868
 
2,169
Widening 1,798 367 4 


Betterment Total 980 2,552 1,501 4 5,036
 

Maintenance 1,095 1,102 1,114 1,128 1,675 6,114
 

Total 2,074 3,654 2,615 1,132 1,675 1,150
 

1,438
Quneitra Resurfacing 177 1,261 

Widening
 

1,438
Betterment Total 177 1,261 

502 508 2,484
Maintenance 487 491 496 


508 3,921
Total 664 1,752 496 502 


86,190
All Country Resurfacing 25,813 33,970 4,995 9,816 11,596 

3,874 401 24,368
Widening 8,500 9,710 1,882 


43,680 6,877 13,690 11,997 110,558
Betterment Total 34,314 

21,417 21,465 29,230 114,813
Maintenance 21,344 21,357 

28,294 35,155 41,227 225,371
Total 55,657 65,037 


Source: Consultants' estimates.
 



Table 7.%.2 (C(ntinuod) 

FINA;CIAL COSTS OF PRIMARY ROAD BETTERMENT/fIAINTENANCE PROGRAM, 1981-1985
 

Mohafaza Type of Operation 1981 1982 
 1983 1984 1985 
 Total
 

Deir Ez Zor Resurfacing 2,917 2,262 
 5,179

Widening 124 

Betterment Total 3,041 2,262 

124
 
5,303


Maintenance 1,341 
 1,329 1,321 1,316 
 1,399 6,706

Total 4,382 3,591 1,321 
 1,316 1,399 12,009
 

Idleb Resurfacing 1,293 
 787 1,847 2,671 8,691 
 15,289

Widening 8,241 682 
 8,924
Betterment Total 9,535 
 1,470 1,847 2,671 
 8,691 24,213

Maintenance 2,394 2,395 2,383 
 2,385 2,490 12,047


Total 11,9?9 3,864 4,230 
 5,056 11,181 36,260
 

Al Hassakeh Resurfacing 3,305 3,494 
 6,799

Widening 
 10 10 

Betterment Total 3,305 3,504 

20
 
10 
 6,820
Maintenance 2,052 2,078 
 2,109 2,133 3,189 
 11,561


Total 5,357 5,583 2,120 2,133 
 3,189 18,380
 

Al Raqqa Resurfacing 1,427 
 3,623 
 5,050
 
Widening

Betterment Total 1,427 
 3,623 
 5,050
Maintenance 1,194 
 1,173 1,160 1,150 
 2,425 7,102


Total 2,621 4,796 1,160 1,150 
 2,425 12,151
 

Al Suweida Resurfacing 1,609 3,543 
 5,151

Widening 
 53 225 160 221 

Betterment Total 1,662 3,768 

659
 
160 221 
 5,810


Maintenance 
 720 729 
 738 749 762 
 3,698

Total 2,382 4,497 898 970 
 762 9,508
 



Table 7.5.3
 

FINANCIAL INVESTMENT PLAN - SECONDARY AND TERTIARY NETWORK
 

(in million SP) 

Mohafaza and Type 
of Investment/Cost 1981 1982 1983 1984 1985 Total 

Damascus 
Betterment 22.1 9.1 4.0 17.8 2.6 55.6 
Maintenance 6.6 6.6 6.7 6.8 6.9 33.6 

Alepl-o 
Betterment 0.2 1.5 - 5.9 13.4 21.0 
M intenance 3.4 3.4 3.5 3.5 3.6 17.4 

iotas 
Betterment - - 12.9 2.2 1.9 17.0 
Maintenance 2.2 2.2 2.2 2.3 2.3 11.2 

Hama 
Betterment 8.8 7.1 15.8 7.4 5.4 44.5 
Maintenance 3.9 4.0 4.1 4.2 4.3 20.5 

Lattakia 
Betterment 1.5 2.8 2.3 7.6 5.0 19.2 
Maintenance 4.7 4.8 4.9 5.0 4.9 24.3 

Deir Ez Zor 
Betterment - - -
Maintenance 0.9 0.9 0.9 0.9 0.9 4.5 

Idleb 
Letterment 0.2 - 6.3 15.1 21.6 
Maintenance 2.4 2.4 2.5 2.5 2.6 12.4 

Al Hassakeh 
Betterment - 1.4 - 0.5 0.1 2. 0 
Maintenance i .5 1.6 1 .6 1.6 1 .6 7. 9 

Al Raqqa 
Betterment - - - - - -
Maintenanre 1.2 1.3 1.3 1.3 1.3 6.4 

Al Suweiia 
ihetLerieit - - 0.4 2.1 5.6 8.1 
Maint,,nance 2. 5 2. 6 2.6 2. 7 2. 7 13. 1 
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Table 7.5.3 (Continued)
 

FINANCIAL INVESTMENT PLAN - SECONDARY AND TERTIARY NETWORK
 

(in million SP)
 

Mohafaza and Type

of Investment/Cost 
 1981 1982 1983 1984 1985 
 Total
 

Dera '
 
Betterment 
 - - 2.3 0.7 - 3. 0laintenance 
 2.3 2.3 2.4 
 2.4 2.5 10.2
 

i'r t,)u s 
1B2ttrv11iitt 
 - 1 .5 8.1 2.1 - 11 .7Miinteln~lau 
 5.0 5.1 5.2 
 5.4 5.2 25.9
 

Countrv Total
 
Betterment 
 32.7 23.6 45.8 52.7 
 49.0 203.8
Maintenance 
 _36 37.1 37.9 
 38.6 38.9 189.0
 

GRAND TOTAL 
 69.2 60.7 83.7 
 91.3 87.9 392.8
 

Source: Consultants' estimates.
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Table 7.5.4
 

PROBABLE LONG-RUN ROAD TRANSPORT INVESTMENTS,1986-2000
 

A. Primary Network 

New Roads
 

Hama-Sdlamieh-
Al Paqqa 

Aleppo Bypass 

Tadmur-Albu Kamal 

Betterment 


B. Secondary and
 
'iertiary Network 

New Paved Roads 


Betterment 


Rural Roads 


iotal Roads 


(1979 SP million) 

1986-1990 1991-1995 1996-2000 Total 

233.0 233.0 

87.0 87.0 

340.0 340.0 

153.0 274.0 383.0 810.0 

38.2 38.2 38.2 114.6 

335.0 428.0 546.0 1,309.0 

87.8 87.8 87.8 263.4 

614.0 915.0 1,628.0 3,157.0 
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7.6 USER CHARGES AND ROAD FINANCE
 

Background
 

User charges consist of charges for the use of publicly pro

vided transport facilities, particularly highways, airports,
 

and seaports. These charges have important implications both
 

for equity and for efficiency. Excessively high charges for one
 

user clast forces members of the class to subsidize those of
 

other classes. This may seriously impair the ability of the
 

class concerned to compete in transport markets, thereby en

couraging inefficient traffic allocations. Excessively low
 

charges give artificial enhancement to the competitive position
 

of the user class concerned, and they also tend to encourage
 

inefficiency.
 

There are various theories concerning the road costs to be
 

considered in defining the appropriate levels of road user
 

charges, two of which are the theory of total cost and the
 

theory of the social marginal cost.
 

The total cost theory postulates that the overall cost for
 

construction and maintenance of highways should be recouped
 

through road user charges. Under the theory of social marginal
 

cost, the road users should pay charges equivalent to at least
 

the short-run ia:,ginal costs, which should include elements
 

such as:
 

- marginal cost of road maintenance,
 

- marginal congestion cost (cost caused to other users of
 

the road),
 

- marginal cost of pollution, noise, etc.
 

- marginal cost of accidents,
 

- marginal cost (if traffic police.
 

The total of the above elements represents the social marginal
 

costs on the basis of which road user charges would be estab

lished. One could suggest that the social marginal cost theory
 

tends to ensure the optimum utilization of resources; however,
 

there are difficulties in implementing rational road user
 

charges based on these costs, and difficulties may arise on the
 

part of the Government in making up the difference between
 

total road costs and marginal costs.
 

Generally, the burden of taxation borne by private cars is dis

proportionately high compared to charges levied on commercial
 

vehicles, which range between the marginal costs and the total
 
costs available to them.
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Road user charges normally include the following type of taxes:
 

- taxes on purchase of vehicles,
 
- taxes on fuel, tires, parts, etc.,
 
- vehicle license taxes.
 

Actually, all the above, ind in particularly the first two, are
 
rarely established as specific road user taxes, and efforts
 
have to be made to identify each component.
 

Government Revenues
 

The Government of Syria derives highway charges
user revenues
 
from the following sources:
 

-
 taxes on vehicle acquisition,
 
- import duties on vehicles, parts, etc.,
 
- vehicle ownership,
 
- driving license fees,
 
- vehicle utilization,
 
- taxes on road passengers and freight,
 
- tolls (Damascus-Baghdad highway).
 

The Ministry of Transport (MOT) is responsible for collecting

fees on vehicle ownership and registration and driving licenses
 
and their renew-Is. Fees on vehicle ownership are paid annually

and vary with the type of vehicle, fuel used, transit levies,
 
horsepower, and utilization purpose.
 

The Ministry of Finance is responsible for supervising the
 
collection of duties on imported vehicles and spare parts, and
 
for highway tolls. Import duties are assessed on the basis of
 
the vehicle type, weight, value, and utilization. There is only
 
one toll highway in Syria - Abou El Shamat to the Iraqi border.
 
Toll fees were discontinued in 1976 but reactivated in early
 
1979.
 

The vehicle utilization taxes consist of revenues collected for
 
motor fuel, lubricants, tires, and spare parts. The Department

of Customs collects the taxes imposed on spare parts. .ADCOP
 
collects taxes on motor fuel and lubricants through the pump

dealers, and the sole Government company for import of vehicles
 
(AFTOMACHINE) collects the tire taxes through the various
 
dealers.
 

Highway Account
 

Revenues
 

Revenues from users come principally from gasoline taxes, reg
istration fees, and import duties on vehicles and spare parts.
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These revenues have 
grown in step with the exransion of the
vehicle fleet, increasing four-fold between 197i 
and 1978, as
indicated in Table 7.6.1.
 

Expenditures
 

Table 7.6.1 
also shows the Government expenditures 4or the
period 1971 to 1978. From 1971 
to 1978 expenditures for roads
 
increased five-fold.
 
The Uollowing tabulation indicates the 1971 to 
1978 revenue/
 
exnenditure ratios, which are 
derived from Table 7.6.1.
 
.971 1972 1973 
 1974 1975 1976 
 1977 1978
 

1.07 ]..84 1.95 1.80 2.65 1.01
2.57 0.62
 

The IBRD data indicate that from 1971 through 1975, highway
users 
charges exceeded road expenditures in every year. By 1978
this pattern was 
sharply reversed due primarily to the substan
tial increase in road construction and maintenance expenditure:,. 
 Because the Ministry of Local Administration expenditures in the latter years 
probably overstate maintenance and
understate construction, construction expenditures 
are in fact
 
the primary cause.
 

Future Financial Requirements
 

Recommended future investments were presented in Section 
7.5 of
this chapter. This subsection compares these investments and
estimated road maintenance 
costs with projected revenues from
road user charges. The projert-ed revenues are based on 
current
 
tax policies.
 

Chapter 4 noted the 
fact that funds required for future vehicle
fleet investments are highly susceptible to changes in 
imports
of passenger cars. This applies 
to an even greater extent to
user 
charges because the import duties and taxes on automobiles
 
are relatively so 
much great-r than those on other vehicles. In
November 1979, customs duties on 
automobiles ranged from 163
282 percent of the CIF 

to
 
price, depending on the size of the
vehicle. This compares to 13 percent for 
two- or three-axle
 

trucks.
 

The number of automobiles 
included in the Consultants' vehicle
fleet requirements is based on estimated 
demand without restrictions on imports. Because of Lne large foreign exchange
requirements involved 
(the equivalent of SP 4 billion 
over the
5th Plan period), the Government may choose to continue to 
restrict the number of passenger cars imported. As noted, this
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Table 7.6.1 

ROAD USER CHARGES REVENUES AND EXPENDITURES 1971 to 1979
 

(in million Syrian pounds)
 

1TEM 1971 1972 1973 1974 1975 

Revenues 

Vehicle License Fees 26.4 29.0 23.0 43.0 77.0 

Excise Tax on fuel 20.6 40.0 45.0 41.0 37.0 

Fuel 2.4 2.5 2.8 4.8 6.2 

Lubricatinq Oil 0.6 0.6 0.6 1.1 5.4 

Vehicles 11.6 29.0 33.1 68.9 243.5 

Si are Parts 13.3 15.9 18.1 15.5 48.3 

Tires and Tubes 3.2 2.8 2.9 4.3 4.4 

Transit Levy - 9.6 6.4 12.6 20.6 

rolls - 6.5 2.8 4.3 6.8 

Totals 78.4 135.9 132.7 195.5 449.4 

Ex pend i tu re s 

Administration 16.0 16.9 17.3 16.0 21 .2 

,'onstru,:ton 48.2 48.0 41 .8 61 .3 96.8 

Maintenance 9.0 9.0 9.0 31.3 44.0 

Equipment Purchases - - - 7.4 

Totals 73.2 73.9 68.1 108.6 169.4 
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Tab Iv 7.6.1 (Continued) 

ROAD USER CIIARGES REVENUES AND EXPI:NDITURES 1971 to 1979 

(in million Syrian Pounds)
 

1976 1977 1978 19791 

ITEM 

ievenues 

Vehicle License Fees 84.0 10-1.3 112.2 110.0 

Excise Tax on Fuel 100.0 100.0 100.0 43.0 

Fue l 0.4 11 .5 9.6 5.2 

"..ti icatinq Oil 1 .5 1 .6 1 .I NA 

Vehicles 279.3 147.6 58.1 160.0 

Spare Parts 24.3 33.4 41.4 NA 

Tires and Tubes 5.5 6.4 5.3 NA 

Transit Levy 14.2 7.0 5.0 10.0 

Tolls - 3.0 - 3.0 

Totals 509.2 414.8 330.7 NA 

ExI enditures 

Admir.istration 23.7 27.2 37. 3 NA 

Construct ion 89.1 212.3 292. 0 384.2 

'aintt, 'ance 57. 8 63.7 132. 7 167.6 

L:uipment Purchases 27.4 108.4 69.6 NA 

Totals 198.0 411.6 531.6 NA 

Source: 1971 - 1975 
IBRD calculation. 1976 - 1979 Consultants'. 
Data from Ministries of communications, Transport and
 
Local Administration, and Customs Statistics and Tariffs.
 

Estimated
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will markedly affec't vehicle investments and user charges, but
 
it will have a limited effect on road costs. Passenger car
 
vehicle occupancy rates are low, so that the offsetting effect
 
on bus traffic would be limited. Moreover road bettermeit and
 
maintenance costs do not increase in direct proportion to
 
increases in traffic. For these reasons, road betterment and
 
maintenance costs are virtually insensitive to changes in
 
passenger car traffic, within any reasonable range.
 

The Government can use tne S'i>R!TANS model to make forecasts of
 
the effect of specific policy 2isions regarding the impact of
 
passenier cars. In the interin, the Consultants have forecast
 
user charges and resulting fund availabilities under three
 
alternative assumptions. The alternatives chosen are arbitrary
 
and are designed only to give an indication of the magnitude of
 
the effcct of restricting thin import of passenger cars. The
 
alternatives are:
 

- Alternative A is based on vehicle import vs. forecast 
by the Consultants. 

- Alternative B assumes a 50 percent reduction from 
alternative A in the number of passenger cars imported.
 

- Alternative C assumes a 75 percent reduction from
 
alternative A in the number of passenger cars imported.
 

The Consultants' forecasts of road investments, revenues, and
 
the resulting surplus or deficit are shown in Tables 7.6.2 and
 
7.6.3. Table 7.6.2 presents the forecast, by year, for the 5th
 
Plan period. Table 7.6.3 presents the forecast, by five year
 
periods, from 1981 to 2000. As with the historic analysis in
 
Table 7.6.1, the forecast user charges in Tables 7.6.2 and 
7.6.3 have not been adjusted for the civilian Government vehi
cle fleet. User charges paid by a government are transfer pay
ments rather than a revenue to the government, and thus user 
charge revenues are overstated by the amount of user charges 
paid by government agencies. In 1979 the Government owned 12 
percent of the vehicle fleet, and user charges are thus over
stated by approximately this amount. For the future, the 
Consultants have not recommended significant Government invest
ments in road transport, but rather that it should be pri
marily the province of the private sector. Depending on what 
policy the Government adopts, real user charge revenues would 
need to be reduced to reflect the share of the total vehicle 
fleet that is Government owned. 

A review of Tables 7.6.2 and 7.6.3 indicates that over the 20
 
year period from 1981 to 2000 the differences between the three
 
alternatives are only in the extent to which user charge reve
nues exceed road construction, betterment, and maintenance
 

7-54
 



Costs. Over the period the difference is significant; however,
 
the unrestricted import of automobiles produce 3.6 times as
 
much revenue as alternative C, where imports are restricted to
 

25 percent of expected demand. The impact over the 5th Plan
 
period is quite different. Because of the high investments for
 

construction of committed projects expenditure will exceed
 
revenues during the period that the import of passenger cars 
continues to be restricted. With a 50 percent restriction 
alternative B - expenditures exceed revenues by SP 61 million 
over the five-year period, with the deficits higher in the 
earlier years of the plan. If passenger car imports are re
stricted by 75 percent, the deficit for the five-year period is 
SP 1 billio . In sharp contrast, unrestricted imports of pas
senger cars produce a surplus of SP 1.7 billion over the 5th 
Plan period. The trade-off is clearly between internal Govern
ment revenues and the availability of foreign exchange. 
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Table 7.6.2
 

ROAD TRANSPORT FINANCIAL PLAN, 1981-1985
 

Construction 


Betterment 


Maintenance 


Total 


ALTERNATIVE A
 

Funds Available 


Annual Excess/Deficit 


Cunulative Excess/Deficit 


ALTERNATIVE B
 

F'unds Available 


Annual Excess/Defici: 


Cumulative Excess/Deficit 


ALTERNATIVE C
 

Funds Available 


Annual Excess/Deficit 


Cumulative Excess/Deficit 


(SP Million)
 

1981 1982 .983 


560 633 599 


67 67 53 


91 92 92 


718 792 744 


961 981 1,020 


243 189 276 


243 432 708 


626 653 678 


-92 -139 -66 


-92 -231 -297 


472 436 504 


-246 -356 -240 


-246 -602 -842 


1984 1985 Total
 

464 411 2,667
 

67 61 315
 

93 101 469
 

624 573 3,451
 

1,062 1,105 5,129
 

438 532 1,678
 

1,146 1,678 

703 730 3,390
 

79 157 -61
 

-218 -61
 

519 538 2,469
 

-105 -35 -982
 

-947 -982
 

Source: Consultants' estimates.
 

Note: Investments do not include vehicle investments.
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Table 7.6.3
 

ROAD TRANSPORT FINANCIAL PLAN, 1981-2000
 

Construction 


Betterment 


Maintenance 


Total 


ALTERNATIVE A
 

Funds Available 


Excess/Deficit 


Cumulative Excess/Deficit 


ALTERNATIVE B
 

Funds Available 


Excess/Deficit 


Cumulative Excess/Deficit 


ALTERNATIVE C
 

Funds Available 


Excess/Deficit 


Cumulative Excess/Deficit 


81-85 


2,667 


315 


469 


3,451 


5,129 


1,678 


1,678 


3,390 


-61 


-61 


2,469 


-982 


-9F2 


(SP Million)
 

86-90 


126 


488 


455 


1,069 


6,956 


5,887 


7,565 


4,476 


3,407 


3,346 


3,236 


2,167 


1,185 


91-95 


213 


702 


478 


1,393 


10,005 


8,612 


16,177 


6,286 


4,893 


8,239 


4,427 


3,034 


4,21q 


96-2000 Total
 

699 3,705
 

929 2,434
 

501 1,903
 

2,129 8,042
 

14,310 36,400
 

12,181 28,358
 

28,358
 

8,686 22,838
 

6,557 14,796
 

14,796 

5,874 16,006
 

3,745 7,964
 

7,964 -


Source: Consultants' estimate.
 

Note: Investments do not include vehicle investments.
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