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Abstract

Abstract

Gaza city, like many cities throughout Palestine, is facing a monumental challenge in dealing
with aging infrastructure. For pavements in particular, it is found that many streets were built 20
or 30 years ago and they are near the end of their economic life. Other streets have been
deteriorated because of misuse, overuse and mismanagement. In addition, present and future
threats affect the hoped mission of these pavements for rapid, safe and comfort movements of
people and goods. Moreover, the current management reveals that the system used is not flexible
enough to reflect the changing conditions and poor to assist in making decisions.

This study ams to initiate a Pavement Maintenance Management System (PMMYS) in
which it provides a systematic process of maintaining, upgrading and operating the city
pavements and tools to facilitate a more flexible approach that can enable to perform tasks better,
more economically, effectively and of higher quality.

A system has been presented to facilitate the decison making process. It is based on the
direct integration between Micro PAVER pavement software and GeoMedia GIS software in
order to fully exploit the capabilities of each individua package. Also, a smple Graphical
Interface has been developed in which it contains user-friendly menus that can help in presenting
PMMS results to justify the decisions made.

A case study zone of about 14 km of roads long was inspected to analyze the proposed
PMMS. Condition analysis and decisions were performed to determine maintenance needs,
budgets, priorities, etc.
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Chapter One: Introduction

1.1 General

There is no doubt that the quality and efficiency of roads affect the quality of life, the health of
the social system and the continuity of economic and business activity. Deterioration and
catastrophic failure of these roads may occur because of aging, overuse, misuse and/or
mismanagement. Therefore, their maintenance and preservation should have a great national
interest.

Pavement Maintenance Management System (PMMYS) is a scientific tool for managing the
pavements so as to make the best possible use of resources available or to maximize the benefit

for society. Thus, PMMS can be used in directing and controlling maintenance resources for

optimum benefits®.

A Maintenance Management System of a city is composed of a group of interrelated
management tools designed that provide a basis for planning, scheduling, operating and
controlling the highway maintenance effort with economy and effectiveness. The use of this
system places continuity emphasis on the economic utilization of personnel, equipment and
materials, with the available resources.

The maintenance activities need to be considered in a more flexible and integrated decision-
making framework. The system should be capable of handling the various aspects in a systematic
manner, in view of the changing conditions. There is a strong need to gradualy introduce new
technologies like Geographic Information System (GIS), Global Positioning System (GPS),
work scheduling, reports and inventory management. These will enable the highway agencies to

perform tasks better, more economically, effectively and of higher quality(5).

1.2 Research Problem

Gaza City Importance:

Gaza city, as a part of Gaza Strip that is the main gate between Asia and Africa, has a great
importance for its historical, political, and economical role. It involves a number of universities,
ministries, international organizations and different institutions. Consequently, it attracts
different types of transportation means. Gaza Governorate manages about 295 km long of roads
in which 66 km are only in a good surface condition according to the records of Ministry of

Planning and I nternational Cooperation in 1997,
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Current Threats:

Gaza city, like many cities throughout Palestine, is facing a great challenge in dealing with an
aging infrastructure. For pavements in particular, it is sought that many streets were built 20 or
30 years ago and they are near the end of their economic life.

Indeed, as a developing city, Gaza city pavements have the following current threats:

Increase rate of deterioration. (pavements deteriorate fast)

&

Overloading of vehicles. (no commitment with the legal loading)

&

Rapid traffic growth. (high increase of vehicle ownership)

&

Poor maintenance. (improper materials, bad habits and wrong implementation)

&

I mproper design and implementation.

&

Israeli occupation (direct and indirect effects)

&

Limited resources (geometry, funds, equipments, materials ...etc)

&

Insufficient information for decision-making.

&

Inefficient current traditional management system.

&

Future Threats:

In addition, a future challenge may face the pavements in the city. Construction of Gaza Port
requires a good maintained road network for a rapid, safe and comfort movement of people and
goods. It is expected that heavy loading generation will increase causing more deterioration of

Gaza pavements.

Traditional Maintenance Current System:
The traditional maintenance system that is currently in use in Gaza municipality reveals that:
v Thereisalack of documentation. (No periodic inspections, no MRR history, etc)

vy There is no use of database programs in storing and processing the system data in the

Road Maintenance Department.

The system is not flexible enough to adjust work plans and schedules to reflect changing

&

conditions.

The system is poor to assist in making decisions.

%




Chapter One: Introduction

From the above mentioned points, there is a strong need for a comprehensive Pavement
Maintenance Management System (PMMYS) that involves:

Databases: facilitate the physical data of the system to be managed and allow data storing,
retrieving, displaying, updating and getting information and queries.
GIS Capabilities: allow representing the inventory data and reporting in a geographical format.

Evaluation System: assists in making timely cost effective decisions related to the maintenance

and rehabilitation of pavements.
Modeling System: provides information about maintenance needs, costs, priorities, etc.

1.3 Aim and Objectives

The main aim of thisresearch isto develop a Pavement Maintenance Management System which
provides a systematic process of maintaining, upgrading and operating the Gaza city pavements
and tools to facilitate a more flexible approach of making the decisions necessary to achieve the

road user's expectations. To achieve this goal, the following objectives are to be determined:

y Constructing a suitable database for the maintenance works of Gaza city pavements.

vy Selecting an evaluation system for these pavements.

v Integrating Micro PAVER with GeoMedia professional software to review, interpret and
evaluate data for supporting decisions made.

vy Developing software for facilitating the management process of Gaza pavements.

1.4 Outline M ethodology

In achieving the proposed system, the following steps are performed:

Connecting Gaza pavement network into GeoM edia software with its related database.
Breaking the Gaza pavement network into management sections.

Inspecting the management sections and collecting their system data.

Evaluating these sections by Micro PAVER pavement software.

Establishing direct integration between Micro PAVER and GeoMedia databases.
Constructing models to reflect the outputs of the systems as maintenance needs,

R EES

priorities, maintenance budgets and etc.
Applying a case study to analyze the system and obtain resullts.

¥
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1.5 Dissertation Contents

The chapters in this dissertation are arranged carefully in the order or sequence of steps to make
it clear and understandable. Chapter One provides detailed information about the nature of this
study. It discusses the research problem of the strong need of a comprehensive pavement
management system for Gaza as a historical and main city. It also contains the research goals,
objectives and the outline methodology.

Chapters Two and Three are oriented as a literature review about the main topic of this study;
Development of a Pavement Maintenance Management System. Specifically, Chapter Two
focuses only on the part "Pavement”. It aso illustrates the genera structure of a pavement,
pavement distresses, ways of fallure and methods of pavement evaluation. Chapter Two aso
discusses pavement maintenance where maintenance aims, types, strategies, techniques and
equipments are all discussed in this Chapter. On the other hand, Chapter Three emphasizes on
"Management Systems’. It illustrates in detail how a pavement maintenance management system
can be defined and what are the benefits of installing it. This chapter also explains the genera
PMMS components as well as the PMMS process. It also includes, briefly, the pavement
management process as it is performed in Gaza Road Maintenance Department in Gaza
Municipality.

Chapter Four is considered the main core in this dissertation. It discusses the development steps
of the proposed Pavement Management System for Gaza city which is the am of this study. It
also illustrates the assumed system components, the different tasks of the PMMS process and the
PMMS architecture. This chapter aso outlines all the practical and theoretical steps that were
performed to build the proposed system.

Finally, chapter Five summarizes the findings and conclusions of this research as well as the
suggested recommendations.
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Chapter Two: Pavement Failure, Evaluation and Maintenance

2.1 Background

Generally, pavements are divided mainly into flexible and rigid classes. Flexible pavements
contribute most percent of Gaza paved roads. Therefore, focus will be concentrated on flexible
pavements analysis. Figure (2.1) shows a typical flexible pavement structure. It is comprised
of several layers of carefully selected materials designed to gradually distribute loads from the

pavement surface to the layers underneatht™ .

Asphalt Covering Layer
Road Base (Crushed Rock, Gravel)

Sub base
Subgrade

Fig. (2.1): Typical Flexible Pavement Structure.

They also support loads through bearing rather than flexural action as in rigid pavements.
Figure (2.2) illustrates the distribution of load stresses in flexible pavement. The design is such

that the load transmitted to each successive layer does not exceed the layers load-bearing

capacity.

Wheel Load

Area of Twe Contact Q
=’+» Asphalt Covering

Layer
Road Base

)
o
A
-
Y
v

Sub Base

IS Subgrade

Approximate Line of ¢ s
Wheel-Load Distribution

Subgrade Support

Fig. (2.2): Distribution of Load Stresses in Flexible Pavements.
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The various layers comprising a flexible pavement are described below™

1. Asphalt Covering Layer: It is generally comprised of a wearing and a binder course
layers. They include a mixture of various selected aggregates bounds together with
asphalt cement or other bituminous binders. Its function is to prevent the penetration of
surfaces water to the road base, provide smooth, well bond surface, resist the stresses

and furnish a skid resistant surface.

2. Road Base: It isthe principal structure component. It may include either crushed rock
or gravel road bases. Its function is to distribute imposed wheel load to the pavement
foundation: the sub base and/or subgrade. The materials comprising the base course
are selected hard and durable aggregates, which are stabilized and granular.

3. Sub Base: Thislayer is used in areas where frost action is severe or in locations where
the subgrade soil is extremely weak. The materials requirements are not grict as those
for the road base since the sub base is subjected to lower load stresses.

4. Subgrade: The subgrade is the compacted soil layer that forms the foundation of the
pavement system. Subgrade soils are subjected to lower stresses. The combined
thickness of sub base, base and surface must be great enough to reduce the stresses
occurring in the subgrade to values, which will not cause excessive distortion or

displacement of the subgrade soil layer.

2.2 Pavement Distresses

Damage and deterioration of pavements are made apparent as a result of traffic, pavement and

climatic or environmental factors. These factors cause surface fatigue, consolidation, or shear,

developing in the subgrade, sub base, or surface®®.

Traffic factors include heavy axle-load repetitions, accelerating and decelerating traffic while
pavement factors may include excess asphalt, poorly graded, inadequate particle interlock and
poor subgrade drainage. Temperature variations and rainfall are examples of climatic factors
that may cause damage to pavements.

The deterioration of a pavement is also apparent by various external signs and indicators called
distresses. Generally, pavement distresses are fall into one of the following categories:

cracking, distortion, disintegration and loss of skid resistance'”.
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A. Cracking
Cracks in flexible pavements are caused by deflection of the surface over an unstable
foundation, shrinkage of the surface, thermal expansion and contraction of the surface, poorly
constructed lane joints or reflection cracking. The following are examples of cracks that may
occur in flexible pavements(7’ 9.
1. Longitudinal and transverse cracking
A longitudinal crack follows a course approximately parallel to the centerline. On the other
hand, a transverse crack runs roughly perpendicular to the roadway centerline. Both are
caused by shrinkage or contraction of the asphalt surface. Development of longitudinal
cracks may be accelerated due to poorly constructed lane joints.

2. Alligator Cracking
Alligator cracks are interconnected cracks that form a series of small blocks resembling an
aligator skin. They may be caused by fatigue of the asphalt surface under repeated loading
or by excessive deflection of the asphalt surface over unstable or weak foundations. The
unstable support is usually the result of water saturation of the bases or subgrades.

3. Block Cracking

Shrinkage of the asphalt and daily temperature cycling cause block cracking. These are
interconnected cracks that divide the pavement into approximately rectangular pieces. The
occurrence of this distress usually indicates that the asphalt has hardened significantly.
Block cracking generally occurs over a large portion of the pavement area and may

sometimes occur only in non traffic aress.

4. Sippage Cracking

Slippage cracks are caused by breaking or turning wheels causing the pavement surface to
slide and deform. This usually occurs when there is a low-strength surface mix or poor
bond between the surface and the next layer of pavement structure. These cracks are half-
moon shaped cracks having two ends pointed away from the direction of the traffic.

5. Reflection Cracking
Reflection cracks are caused by vertical or horizontal movements in the pavement beneath
an overlay. These cracks reflect the crack pattern in the underlying pavement.
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B. Distortion
Distortion in flexible pavements is caused by foundation settlement, insufficient compaction of
the pavement courses, lack of stability in the bituminous mix, poor bond between the surface

and the underlying layer of the pavement structure, swelling soils or frost action in the
subgrade(7).

1. Rutting

A rut is a characterized as a surface depression in the wheel path. In many instances, ruts
are noticeable only after arainfall when paths are filled with water. This type of distress is
caused by permanent deformation in any of the pavement layers or subgrade and is caused
by consolidation or displacement of materials due to traffic loads.

2. Corrugation and Shoving

Corrugation results from a form of plastic surface movement typified by ripples a crossthe
surface. Shoving is a form of plastic movement resulting in localized bulging of the
pavement surface. Corrugation and shoving can be caused by lack of stability in the mix
and poor bond between materials layers.

3. Depression

Depressions are localized low areas of limited size. In many instances, light depressions
are not noticeable until after a rain. Depressions can be caused by traffic heavier than that
for the pavement was designed, by localized settlement or by poor constructing methods.

4. Swnelling

An upward bulge in the pavement surface characterizes swelling. It may occur sharply over
a small area or as a longer gradual wave. Both types of swell may be accompanied by
surface cracking. A swell is usually caused by frost action in the subgrade or by swelling
soil.

C. Disintegration
Disintegration in flexible pavements is caused by insufficient compaction of the surface,
insufficient asphalt in the mix, loss of adhesion between the asphalt coating and aggregate

particles or overheating of the mix(" 19,

1. Raveling
Raveling is the wearing away of the pavement surface caused by dislodging of aggregate
particles and loss of asphalt binder. Asthe raveling continues, larger pieces are broken free

and the pavement takes on a rough and jagged appearance.

10
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2. Potholes

When potholes are not accompanied by distortion of the adjacent surface, they generally
result from a cracked asphalt surface which has allowed moisture to enter and soften the
pavement or penetrate horizontally under the asphalt layer. Once water has entered, the
cracked surfacing is prone to disintegrate and lift out under the action of traffic,
particularly after rain, thereby initiating the formation of a pothole. As a general rule,
repairs to potholes should be carried out before the onset of inclement weather. Any
pothole which is likely to be a potential hazard to traffic should be repaired immediately
after detection.

D. Lossof Skid Resistance
Loss of skid resistance is caused by too much asphalt in the bituminous mix, poor aggregate

subject to wear and builds up of contaminants. Examples of this class are!”:

1. Bleeding

Bleeding is free asphalt on the surface of the pavement caused by excessive amount of
asphalt in the mix, low few voids and when asphalt fills the voids in the mix during hot
weather. This type of distress often shows a shiny, glass-like reflective surface. External
bleeding may cause a severe reduction in skid resistance.

2. Polished Aggregate

Aggregate polishing is caused by repested traffic applications. It occurs when the
aggregate extending above the asphalt is either very small, of poor quality or contains no
rough or angular particlesto provide good skid resistance.

3. Fud Spillage
Continuous fuel spillage on a bituminous surface will soften the asphalt. Areas subject to

only minor fuel spillage will usually heal without repair and only minor damage will result.

2.3 Pavement Failure

A failure of a flexible pavement is a complex phenomenon because it is an outcome of a series
of interacting process. It may occur as a result of pavement deterioration due to accumulation
of distresses. Distinction will be made between two different types of pavement failure:

structural and functional(ll)

. The structural failure includes a collapse of the pavement
structure or a breakdown of one or more of the pavement components that makes the pavement

incapable of sustaining the loads upon its surface. On the other hand, the functiona failure

11
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may or may not be accompanied by the structura failure but is such that the pavement will not

carry out its intended function without causing discomfort to passengers and vehicles®. The

functional failure causes distress in pavement surface resulting in cracks, depressions, rut-
formation and poor riding quality. The difference between the two types of failure is important
and distinguish between them should be easily known.

2.4 Pavement Evaluation

A major objective of pavement evaluation system is to assist highway engineer in making
timely cost effective decison making related to the maintenance rehabilitation of

(

pavements Wt is necessary to know the condition of pavements from the standpoint of

setting up design criteria and for establishing maintenance and priority programs. Evaluation

(

surveys give reasons why the pavement condition is as it is<® The pavement evaluation

systems are basically categorized into two major types: functional and structural evaluation,
depending on the failure type mentioned earlier.

24.1 Structural Evaluation

Structural evaluation deals with the quantitative assessment of structural adequacy of the
pavement for rehabilitation. It is dependent upon the engineer's ability to evauate the
structural properties of the pavement components. Structural adequacy is the primary response

of pavement to transent loads and consists in deflections, stresses, strains and pavement

deformation at critical pointsin pavement layers. Evauation techniques may incl ude'®:

y California Bearing Ratio (CBR)

It is possible to obtain an estimate of the strength of a subgrade from origina California
Bearing Ratio tests that were made prior to the original design. However, densfication of
the road under traffic and environmental factors often make these estimates unreliable. It is
possible to performin-place field CBR tests.

vy Plate-Bearing Tests

Plate-Bearing tests can be made on individual components of the pavement for the
purpose  of determining modulus of deformation as well as the modulus of subgrade
reaction. They require test pits of substantial size be dug and hence, is time consuming and
often expensive.

y Laboratory Tests

12
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In the evaluation of any pavement structure, it is necessary to perform standard laboratory
tests for quality of the pavement components. These tests include grain-size distribution,
density and moisture content. In addition, cores may be obtained of the pavement and
properties can be determined by use of split tensile tests, compression tests and other
l[aboratory tests.

vy Non-Destructive Field Tests

There are methods of evaluating structural adequacy with instruments which apply
vibratory forces to the pavements and then by means of velocity transducers, the response
of the pavement is measured. In addition, there are also instruments which basically

measure deflection as an evaluation tool. Some of these devices are:

1. TheBenkelman Beam (BB)

The beam was developed by A.C. Benkelman®. Figure (2.3) shows a schematic
Benkelman instrument whereby deflection at the pavement surface is measured by
means of a long beam. The deflections are recorded by means of a dial placed at
one end of the beam; as shown in the figure, the deflection at point A is measured
by means of the deflection dial at point F. The deflections are measured relative to
the reference points at C and E.

Reference

/ poirta
F.
//' Dellections nrab | A = kg f
racyurad Dy tRis peabe . ..
M=

-

F =
& < E
’-* -- — 964 iz a 36TE i m?&":‘
= - 155.25" s =

Fig. (2.3): A Schematic Benkelman Beam®.

The BB is desired that the pointer can be placed between the dual tires of a set of
duas. Generally, the measured values are the rebound of the pavement upon
removal of the load.

BB measurements are taken as follows: first, the pointer of the beam is placed
between the dual tires of aloaded truck over the point that isto be measured. After
the dials are zeroed, the truck is driven from the location and the amount of
pavement rebound is recorded as the deflection. An 18000-pound single axle is

13



Chapter Two: Pavement Failure, Evaluation and Maintenance

used on the test trucks. The BB principle has been mechanized so that a large
number of readings can be obtained by continuous reading of deflection under a
loaded axle.

2. TheFalling Weight Deflectometer
Falling Weight Deflectometer (FWD) device has gained acceptance as the most
efficient deflection testing due to its ability to perform rapid testing, causes no
damage to the pavement, smulates actual traffic wheel loading over a large range,
including very heavy loads, and its results are satisfactory. Figure (2.4) shows the
Falling Weight Deflectometer device™?.

Fig. (2.4): Falling Weight Deflectometer.

The test basically involves a mass that is lifted to a predetermined height and
released. The mass falls free, guided by a vertical rod, and impacts on a spring
shock system resting on the pavement. The magnitude of force and duration of
impulse on the pavement can be controlled by changing the height of drop and the
rate of deceleration. A circular plate transmits the load caused by the decelerating
mass to the pavement and the deflection of the pavement is recorded. The data
obtained with the FWD is essentially the same as that obtained by using the
Benkelman beam and a loaded wheel, which is the value of deflection under a
specified load. This data is then used in determination of bearing strength, residual
life and overlay design.

14
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2.4.2 Functional Evaluation

Functional evaluation is a quditative measure which is concerned with servicesbility
performance and deals mainly with overall behavior of a pavement and rates a pavement for its
riding quality to vehicular traffic. Evaluation of the surface condition is done by the ruts,
potholes, cracks, patches and uneveness of the pavement surface.

Various equipments useful in the functional evaluation pavement are Uneveness Indicator,
Profilograph, Roughmeter, Bump Indicator and others. Methods of functional evaluation are:

1. Uneveness|ndex

The numerical Uneveness Index of the surface in cnvkm length of road is useful in
deciding riding quality of road. Uneveness Index values below 95 indicate excellent riding
quality and above 240 indicate very poor riding qudlity for roads. Table (2.1) gives

recommended Uneveness | ndex.

Table (2.1): Recommended Uneveness I ndex for New and Old Pavements™”.

Uneveness I ndex (cm/km) Riding Quality

For New Pavements
Below 120 Good (acceptable)
120to 145 Fair (acceptable)
Above 145 Poor (not acceptable)
For Old Pavements
Below 95 Excellent
95to0 119 Good
120to 144 Fair
145 to 240 Poor (possible resurfacing)
Above 240 Very Poor (resurfacing required)

2. Present Serviceability Index (PSI)

The Present Serviceability Index Concept was first presented by Carey and Irick. It is
based upon the concept of correlating user opinions with measurements of road roughness
(as measured by the roughmeter or profilometer), cracking, patching and rutting.
Pavements were rated on a scale runs from O to 5, where O — 1 indicated a pavement in a
very poor condition, 1 — 2 was a poor condition, 2 — 3 was fair, 3 - 4 wasgood and 4 - 5
was very good. The average of the rating numbers for each section was termed the Present
Serviceability Rating (PSR) of the section®® 1©.
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The original serviceability equation for flexible pavements as developed on the AASHTO
Road Test is shown below:

PS =5.03- 19 Log (1+ SV )- 0.01.,/C + P - 1.38RD?

Where PS| = Present Serviceability Index (Pt)
SV = Mean dope variance. (measured by Slope Profilometer I nstrument)
Assesses surface irregularity.

C = Lineal feet of major cracking per 1000 ft” area

P = Bituminous patching in ft2 per 1000 ft* area
'RD = Rut Depth in inches (both wheel tracks) measured with a 4 ft straightedge

3. Pavement Condition Index (PCl)

The PCI is an evauation process that is determined in accordance with procedures
contained in ASTM D 5340, Standard Test Method for Pavement Condition Index Survey.
This procedure is used worldwide to provide a measurement of the condition of pavements
taking into account the functional performance with implications of structural
performance. Periodic PCl determinations on the same pavement will show the change in
performance level with time. Because the PCI procedure is designed to be objective and
repeatable, it can also be used to predict condition™.

The PCI is a numerica rating which indicates the type and severity of the inspected
distress. Figure (2.5) shows the Pavement Condition Index rating criteria.

Standard PCI Custorn PCI
rating scale rating scale

Distress Lt Excellent Lt

type

JL

Distress _h, P C I

quantity —|1

Fig. (2.5): Pavement Condition Index (PCl) Rating Criteriat™.

7o

95

Q
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The steps for performing the condition survey and determining the PCI rating criteria manually

are described below©:

1. Pavements are divided into features (sections).

2. Every pavement featureis divided also into sample units.

w

Sample units are inspected where distress types, severity and extent (density) are
determined.

Deduct values are determined for each distress type.

Total Deduct Vaue (TDV) is computed which is the sum of all deduct values.

Tota Deduct Vaueis adjusted to obtain Corrected Deduct Vaue (CDV).

Pavement Condition Index for each sample unit inspected is computed from the

N o g &

following equation:

PCl =100 - CDV

8. The PCI of the entire feature is computed by taking the average of PClI's of al sample
units.

2.5 Pavement M aintenance

25.1 General

Pavement maintenance can be defined as the planned strategy of cost-effective treatments to
an existing roadway pavement system that preserves the system, retards future deterioration
and maintains or improves the functiona conditions of the system without including the

structural capacity (does not include reconstruction or other improvements). On the other hand,

(

highway maintenance 19 has more generality and is concerned with the task of preserving,

repairing and restoring a system of roadways with its elements, to its designed or accepted
configuration. System elements include carriageway surfaces, shoulders, roadsides, drainage
facilities, bridges, tunnels, signs, markings and lighting fixtures.

Figure (2.6) shows a generic deterioration curve and illustrates how the overal condition of
the pavement changes as it ages. When first built, the pavement is hopefully in very good
condition. Typically, the condition dowly decreases in the first years of service from very
good to good condition. As the pavement approaches the end of its service life, the rate of
deterioration accelerates.
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Fig. (2.6): General Pavement Deterioration curve”.

2.5.2 Maintenance Aim

In developing countries (as Palestine) large road networks that built at great expenses have
been inadequately maintained and used more heavily than expected. From economy point of
view, it is desrable that adequate maintenance operation be carried out before the existing
roads get appreciably deteriorated. The approximate time to carry out maintenance is very
crucial. A neglect of short term routine maintenance leads to a general deterioration, possibly
to serious failure and certainly to major maintenance work. This may cost 10 times of timely

preventive maintenance work®.

A study by the World Bank which was completed some time back™®,  showed that $ 45
billion invested in main roads has been eroded over the last 20 years through lack of
maintenance in 85 countries. This loss could have been averted at a cost of less than $ 12

billion.

Timely maintenance programs of roads serve four main purposes.
1. Reducestherate of deterioration and prolong life of roads.
2. Reduces vehicle operating cost by providing better riding quality.
3. Keeps roads more open continually for traffic.

4. Addsto the safety, comfort and disfatigue to the vehicle drivers and passengers.
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2.5.3 Maintenance Types

Terminology concerned with highway maintenance varies considerably from country to
country. It also varies from urban area to urban area and from highway authority to highway
authority.

Maintenance programs can be classified according to the time of carrying out the maintenance

operations as follows"9):

1. Routine Maintenance: those activities that are carried out as frequently as required
during each year. It could be carried out several times per a year to ensure
serviceability at all times and in al weathers. It also includes normal maintenance
works beginning from road sweeping, crack sealing and repair of minor damage to
carriageway surfaces. In addition, urgent maintenance works, as emergency repairs to
roads, may be contained in routine maintenance.

2. Periodic Maintenance: it covers all longer-term programmable operations required
within the service life of the road. These activities which may be required only at
intervals of several years may include renewal or renovation of the wearing surfaces of
carriageways that become worn or deformed by use, resealing of paved roads and
restoring of road markings.

3. Extraordinary Maintenance: it includes activities that aim to return roads to their
origina condition when they have severely deteriorated. Typically, they involve road
strengthing, by the application of one or more structural layers (overlays) to an existing
pavement, and/or reconstruction of pavement structure that has deteriorated.

Pavement maintenance activities can also be grouped and classified according to the purpose

of treatment(lo’ 19):

1. Preventive Maintenance: it is used to describe actions taken to prevent premature
deterioration and/or to retard the progression of deficiencies so as to reduce the rate of
deterioration and effectively increase the useful life of pavement. Preventive
maintenance involves applying the right treatment to the right pavement at the right

time. Figure (2.7) illustrates the benefit of preventive maintenance.

2. Corrective (Remedial) Maintenance: it is used to refer to maintenance actions taken to
correct deficiencies which are potentially hazardous, e.g. to repair defects which
serioudly affects a pavement operation so as to keep the highway within a tolerable
level of serviceability.
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Fig. (2.7): Benefit of Preventive Maintenance™.

In genera, preventive maintenance programmes automatically include routine maintenance
activities, whilst corrective maintenance actions tend to encompass many of the activities

carried out in the course of routine, periodic and extraordinary programmes.

254 Maintenance Strategies

Engineering studies have determined that there are preferred strategies for the different levels
of pavement deterioration. As a pavement ages and the amount of deterioration increases, the
strategy changes. When the pavement is in a good condition, relatively inexpensive preventive
maintenance treatments are cost-effective. When the pavement reaches the end of its design
life, expensive reconstruction will be necessary. Maintenance type versus pavement condition
isshown in Figure (2.8).

Very
Good
tenance
Preventi laintenance
Pavement
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) Reconsgruction
Very
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Fig. (2.8): Maintenance Type versus Pavement Condition™”.

20



Chapter Two: Pavement Failure, Evaluation and Maintenance

In genera, there are four maintenance/repair strategies that should be considered for road
surfaces, Those are™:

1. Routine Patching

Isolated responses to minor pavement faillure caused by subgrade problems or poor
pavement construction. This includes filling potholes, covering trenches dug for utility
work and other miscellaneous repair.

2. Crack Sealing
Placement of an asphalt sealing material in major cracks to prevent moisture from entering

the pavement and causing potholes or street failure.

3. Surry Seal
Spreading a very thin layer of asphalt/sand/small aggregate mixture over the pavement to
reduce moisture penetration, improve skid resistance and slows the rate of deterioration. It

extends the pavement life by 3 — 5 years.

4. Cape Seal

Liquid asphalt sprayed on pavement followed with a layer of small stone chips followed 1
week later with a durry seal to reduce moisture penetration. This method can also be
utilized with a rubberized asphalt mixture which improves its long term performance. It

extends the pavement life by 5— 7 years.

Slurry seals are generally applied to roads surfaces that are basically in a good condition but
cape sedls are applied to roads that have at least afair condition rating.

Rehabilitation Strategies may include:

1. Pavement Overlay
Adding a new layer of hot-mix asphalt to the existing pavement reduces moisture content,
improves skid resistance and restores pavement surface to like new condition. It extends

the pavement life by 10 years.

2. In-Place Cold Recycling

It is a process with specialized equipment that grinds and removes severa inches of the
existing pavement surface, mixes it with a rejuvenating agent and new asphalt binder and
places it back on the road. This is followed later with a thin overlay surface, improves skid

resistance and restores pavement surface to like new condition.
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3. Reconstruction
It occurs by removing the existing pavement and base and installing an entire new road
section. This strategy is a last resort because of the high cost and disruption to traffic.

Reconstructed pavements are designed to a 20 —year design period.

255 Maintenance Techniques

Remedial measures for different types of distress severity are shown in Table (2.2). As an
example, rutting distress requires shalow patching when its severity is medium but deep
patching is required when it is high.

Table (2.2): Remedial Measures for Different Types of Distress Severity(21).

Distress Severity (Density)

D Distress Type Low Medium High
1 Alligator Cracking X3 X1 X1
2 Block Cracking X3 X3 X3
3 Edge Cracking X3 X3 X1
4 Reflection Cracking X3 X3 X1
5 Slippage Cracking X1 X1 X1
6 Longitudinal and Transverse Cracking X3 X3 X1
7 Corrugation and Shoving - X1 X1
8 Depression - X2 X2
9 Rutting - X1 X2
10 | Swelling - X2 X2
11 | Utility Cut Patching - X1 X1
12 Potholes X1 X1 X2
13 | Raveling - X4 X4
14 | Bleeding - X5 X5
X1 = Shallow Patching X2 = Deep Patching X3 = Sedling
X4 = Overlaying X5 = Spreading and rolling fine gravel aggregate
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Table (2.3) shows the suggested pavement maintenance treatment according to the PCI
condition evaluation of the network segments. When PCI of a segment ranges between 70 and
100 (condition is excellent or very good), routine maintenance including small patching and
crack sealing is required while reconstruction is needed for segments of failed or very poor

condition.

(21)

Table (2.3): Suggested Pavement Maintenance Treatment versus PClI Ranges

Condition
PCI Range Pavement Condition Class Suggested M aintenance
- 70-100 |  Excellent/Verygood | I |  RoutineMaintenance (RM) |
55-70 Good / without effect of loads I Routine Maintenance (RM)

_ Very thin Asphalt Overlay layer
55-70 Good / with effect of loads 1

(AOD)
_ Doubled Asphalt Overlay layer
25-55 Fair / Poor v
(AO2)
0-25 Very Poor / Failed Vv Reconstruction (RC)

2.5.6 Maintenance Equipment

There are many different types and models of equipment that can be used for pavement
maintenance. The equipment types that are commonly used by maintenance crews include:
pavement removal, maintenance, compaction, crack and joint sealing and removal of pavement

marking equipment(7).
A. Pavement Removal

1. Power Saws. These saws are capable of cutting straight line through asphalt and
leaving vertical sides.

2. Cutting Disks: The cutting disk is much faster than sawing and is recommended where
larger areas must be removed. However, it is limited to approximately 3 inches (75
mm) in cutting depth.

3. Jack Hammers. They are commonly used for cutting pavement surfaces.

4. Pavement Grinders: The grinder may outline an area to be patched by cutting a vertical

faced trench into the existing pavement that will anchor the feathered edge of a patch.
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Cold Milling Machines: Cold Milling Machine use a rotating mandrel with cutting bits

to remove various depths of pavement material.

Hand Tools: They can be used to make vertical cuts through pavements as will as to
break up deteriorated pavement.

B. Maintenance Equipment

1.

2.

Asphalt Kettle: They are usualy small tractor mounted units that have a capacity of
heating and storing 0.15 m3 to 2.0 m3 of bituminous material. These units are used for
priming and tacking on small jobs and for crack or surface sealing of bituminous
surfaces.

Aggregate Spreaders: They can be either truck mounted or separate units. They are

used to evenly place a controlled amount of sand or aggregate on an area.

Hand Tools: They are used to move and level material after it has been placed in a
patch area.

C. Compaction Equipment

1.

2.

Vibratory Plate Compactors: They are hand operated units used to compact granular

base or bituminous plant-mix materials.

Vibratory Steel-Wheel Rollerss They are used to compact material including
bituminous concrete in patch work areas. Smaller rollers can be hand operated while
larger ones are self-powered.

Rubber-Tired Rollers: They are self-powered and used to compact bituminous

concrete.

D. Crack and Joint Sealing Equipment

1.

2.

Joint Router: it is used to clear existing cracks or joints to be resealed.

Power Brush: A power-driven wire brush may be used to clean joints after all of the old
joint sealer has been removed.

Air Compressors: Cracks should be blown out with compressed air immediately prior

to application of new sedler.
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Pavement Sweeper: It can be used for cleaning the pavement surface and removing

excess aggregate. Cleaning operations are necessary in preparation for seal coating and
crack filling.

Heating Kettle: It is a mobile indirect-fired double boiler used to melt hot applied
sealing material.

Pouring Pot: It is hand carried and used to pour hot sealing materials into previousy
prepared cracks.

High-Pressure Water Sprayers: They can be used to clean out cracks prior to resealing

and vertical faces of pavement to be patched.

E. Removal of Pavement Markings

1.

Water Jetting: By making use of high-pressure water with proper selection of spray

nozzle and pressure.

Abrasive Blasting: Pavement markings can be removed by the impact of edged

particles accelerated by pressurized air.

Solvent Cleaning: Chemical agents can be employed to remove markings from

pavement with proper attention to environmental concerns.
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Chapter Three: Pavement Maintenance Management Systems

3.1 PMM S Definition

Pavements represent a huge investment and it is very important to protect them. Initiating a
PMMS can be the base to help in protecting these pavements. With this tool, decison-makers
can act to preserve these road assets.

A pavement maintenance management system can be defined as a systematic methodology to
assist in making decisions to provide, evaluate and maintain pavements in an acceptable
condition. Its objective is to facilitate the coordination of activities and assess the consequences
of decisions in a consistent manner, in order to preserve pavements in the best possible condition

with available funds®®.

Pavement maintenance management system is also a scientific tool for managing the pavements
S0 as to make the best possible use of resources available or to maximize the benefit for society.
Thus, PMMS can be used in directing and controlling maintenance resources for optimum
benefits™.

The American Public Works Association (APWA) aso defines a pavement maintenance
management system as, " A systematic method for routinely collecting, storing and retrieving the
kind of decison- making information needed (about pavements) to make maximum use of
limited maintenance dollars." @Y.

Through a systematic analysis of pavement life cycles, a PMMS can determine the most
appropriate time to rehabilitate pavement, what the most cost effective method is, and how much
budget it will take to maintain a roadway system at a desirable condition level.

It is also a set of steps or computer routines for quickly using the information and making the
calculations necessary to arrive at these decisions.

PMMS is not an end product in itself, but rather an additional tool to help the engineer, the
budget director, the maintenance manager and others to do their jobs better. In all cases,
professional judgment is enhanced, not replaced by a PMMS.

3.2 PMM S Benefits
There are a number of benefits in using a PMMS instead of using engineering experience and

judgment alone. A PMMS can'®;

Yy provide an inventory of pavements that includes data on location, type of pavement,

functional classification, mileage, pavement area, etc.
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provide a comprehensive database containing information relating to pavement

¥

condition, traffic levels, construction, maintenance and rehabilitation histories, and any
additional quantifiable information that may be needed or specified.
show the current condition of the pavement network based on systematic and sound

¥

engineering procedures for obtaining objective pavement condition information.
help to predict the projected condition of the network over time, as a function of the

¥

funds available to make improvements.
define an estimated budget required to bring the total roadway network from its current

¥

condition to desired condition levels.

define estimated budgets to maintain a roadway network at specific levels of

¥

performance for multiple years, i.e.,, 5 to 20 or more, depending on the level of
sophistication included in the system.

provide specific programs and proposed budgets for single or multi-year programming

¥

cycles.
list ways to prioritize expenditures when funding is less than required to meet specific

¥

performance objectives.
be a base for communication among groups such as planning, design, construction, and

¥

maintenance within an agency.
be a base for communication among groups outside an agency, such as state

¥

legislatures, city councils, the media, public interest groups, etc.
serve as a base for comparing alternate preservation strategies for maintenance,

¥

rehabilitation, and reconstruction of pavements within the network.
produce a list of maintenance and rehabilitation projects. This list will be reviewed by

%

the agency for final project selection.

A PMMS will not:

y be an “dl or nothing” proposition that requires replacement of an agency’s current
procedures with a fully computerized system.

Yy act asasubgtitute for proper maintenance.

VY replace engineering evaluation of individual projects.

vy make all the decisions at the press of a button.

L%

provide agencies with all the answers.
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3.3 PMM S Components

Pavements Maintenance Management Systems consist mainly of two major components

(20).

1. Aninformation system to collect, store and manage data and information. It could be able

Figure

to treat inventory data of the pavement segments, condition data, like distress surveys,
and traffic dataincluding ADT and heavy traffic axle loading.

Decision support systems to process the data and information for decison making. They
include pavement condition, pavement performance, investment and engineering
analysis.

(3.1) shows a typical flow of data in a generic pavement management system where

inventory and condition data are both analyzed to generate information that can help in decision

making.

Inventory Data _ Decision Data Condition Data

A - A

) Data Analysis B
| e — E
Feedback g Feed back
_ Generate Info. _
= ———— =
| ]
] - [ |
Make
HE EEEESN i EEEER

L0 -

Fig. (3.1): Data Flow ina PMMS™".

The scope and definition of a pavement management varies from one system to another and from

one road agency to another. Generaly, it includes the following elements for Project-level

(20).

management and Network-level management™:

a)
b)
c)
d)
€)
f)
9)
h)

Location Reference System.

Sectioning of Network.

Database.

Data Acquisition.

Pavement Evaluation.

Pavement Performance Prediction.
Maintenance and Rehabilitation Planning.
Prioritization and Optimization.
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Elements (a) to (e) congtitute the information system and elements (f) to (h) congtitute the

decision support system.

Project-level management is concerned with selecting the most appropriate and cost effective
alternative for an individual section of the road. The process is smilar for both selecting the
initial design and the maintenance and rehabilitation treatment for the road without any
consideration of other roads in the network. Network-level management involves the assessment
of needs and making decisions for funding the entire network®.

Figure (3.2) shows a typica Highway Asset Management System in which it includes an
information system, asset data and institutional data where they are all gathered in a common
database and formed a decision support system through the analysis process:

Asset Management System

ek imstittifonal
Irveriory Dt
Palicies
Assels - Sandards
Budget
Efc.

Pavemenls

Ausaf Data
Bridges Location _
Lewel of use Analy=is
Candition Database Provess
Lighling Etc

Analyss Roesulls

Eta.

Fig. (3.2): A Typical Highway Asset Management System®?,

3.4 PMMS Process
The implementation of PMMS to a specific pavement network is completed with a systematic
procedure that involves a variety of tasks on a periodic basis. This procedure is used worldwide

with very little variation. A PMMS process tasks include®?;

1. Defining the roadway network by breaking it into management segments (sections) and
creating an inventory for each segment.
2. Gathering and inspecting the pavement condition and maintenance data of each segment.

3. Calculating the pavement condition assessment by selecting an evaluation criterion.
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4. Determining the treatment strategy and cost for each segment based on pavement
condition.

5. Developing a method of prioritizing segments when funding constraints exists in a
pavement maintenance program.

6. Documenting and reporting results.

Basic PMMS tasks are discussed in detail below:

3.4.1 Network Definition

One of the key factors in building a PMMS is deciding how the network should be defined. For a
roadway system to be manageable, it needs to be broken down into branches that may be taken
as city streets. Because a street does not aways have consistent characteristics and thereby does
not require the same maintenance and rehabilitation treatment at the same time throughout its
entire length, therefore, it is divided into smaller manageable segments (sections). This will aso
help efficiently in data collection and making analysis. Segments are defined so that the
pavement within their boundaries is consistent in terms of physical and functional characteristics.
Any one of the following factors could define the boundary between two %gmentsm):
A change in the number of traffic lanes.

A change in pavement type.

A change in traffic patterns or volume.

A change in pavement structure (thickness, material, etc.).

A change in natural subgrade characteristics.

Roadway intersections

Rivers or streams.

City or township limits,

R R EETITES

Railway crossings.

It is important to note that more the sections, more records are created, maintained and

manipulated resulting in more expensive data collection and processing, therefore, it is preferable

to have as few sections as possible, but these must satisfy the criterion of homogeneity(zo).
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3.4.2 Roadway Inventory

The roadway inventory is the foundation of any pavement management system; since it supports
the other system components and provides the information those components will need to
function. Network management segments inventory contains al the roadways that the agency is
responsible for managing. The basic purpose of the inventory is to provide information
describing the pavements physical features. Certain basic information must be known about each

roadway in the inventory. The minimum required data for each street segment incl udes®;

Data entry date or construction year (last surface).
Street name, number and segment designation.
Beginning and ending location of the segment.
Functional classification.

Number of lanes.

Pavement type.

Pavement thickness.

Pavement length, width and area of the segment.
Average Daily Traffic (ADT).

R R ITES

This data does not change with time until magjor work, such as, reconstruction or realignment of
the road is carried. Therefore, this data has to be collected only once.

A good inventory may require a computer system. A computer can quickly and easily manipulate
large amount of data and may be desirable in many cases. An inventory can be recalled and used
easlly for making sound management decisions.

3.4.3 Roadway Condition Evaluation

After the pavement management inventory has been created and all the data has been collected
for each segment, pavement condition evaluation can begin. Regularly scheduled pavement
condition inspection is one of the most important steps in implementing a comprehensive
PMMS. The purpose in performing pavement condition surveys is to document the progressive

deterioration of each of the network segments.

For this data to be useful in predictive way, consistency in locating, defining, observing and
recording the surface distresses is critical. In general, surface distresses are classified and rated
according to type, severity and extent. The definition of severity for a given distress varies with
each distress and is generally a measure of how badly or to what intensity a given defect has

deteriorated. Examples are crack widths, crack deterioration or spalling and loss of materia @,
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In most cases, three levels of severity are defined: low, medium and high. As an example, the
severity of rutting can be determined by the average rut depth in the wheel path for the segment

or sample as shown in Table (3.1):

Table (3.1): Severity Criteriafor Rutting(zg).

Rut Depth (inch) Severity

V4 - 12 Low
12 - 34 Medium
Over 3/4 High

More details about other distresses can be shown in reference (23). Extent is the measure of area,
length or count associated with a given distress. It is how much and how far a given defect has
progressed.

For determining pavement condition, the visual rating method is most commonly used. The
visual rating process may be based on PCI criteria which have been discussed in Chapter Two
(2.4.2). A pavement condition rating gives an approximate percentage of remaining pavement
life and is primarily determined by measures of the extent and severity of pavement surface
distress collected by field surveys.

Visual rating surveys may be automated or manual. The automated visual method uses a vehicle
equipped with cameras that videotape the pavement surface as the vehicle moves down the
roadway. This data is transferred to atape for further processing, either by a software program or
by individuas®?. Manual visua inspections are usualy performed by one or two people
involving driving roadway segments at slow speeds and stopping occasionaly, or walking the
entire segment. Walking provides more accurate data than driving but is more expensive and

time consuming.

An ingpection scheduling procedure should be developed to assist in determining which
segments should be reinspected. A recommended pavement condition inspection policy helps to
identify those pavement segments which need reinspection and it minimizes the overall
inspection effort required of the agency. A two year inspection interval after construction or after

surface treatment is norma‘®Y. Those which are deteriorating fast should be inspected more

often.
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3.4.4 Maintenance Prioritization

After preparing alist of projects to be undertaken, they may need to be ranked according to their

emergency, importance or cost-benefit. In most cases, funding needs may exceed available

funding. One of the methods for prioritizing and optimizing will be needed in order to prepare a

maintenance and rehabilitation program. The following are a list of methods for establishing

priorities, however, aternate methods can be developed based on an agency's policies and

administrative decision

y

y

&

&

&

8(21)2

The matrix method can be based on such factors as condition and traffic; the highest
priority is given to pavementsin the worst condition and with the heaviest traffic.

The condition index method can be based on relative scores usually ranked from zero (for
worst) to 100 (for best). Priorities can combine condition score with such factors as
functional classification or traffic in order to develop afinal list of projects.

The benefit-cost ratio process, the segments with the highest benefit-to-cost ratio would
have the highest priority. The benefit-cost ratio can provide high priorities for pavements
in fair to poor condition rather than always starting with the pavements in the worst
condition.

The cost-effectiveness procedure is similar to benefit-cost ratio except that the function is
to maximize the performance of the segment while considering cost. This method does
not require a "worst first" approach.

The maximum benefits procedure is inherent in most optimization methods. For example,
that group of projects from all candidate projects which maximizes the combined benefit-
cost ratio or cost effectiveness for a specific budget would be selected for maintenance
and rehabilitation treatments.

As an example for maintenance prioritization, the following formula was developed by (Khoury

et a, 1992) @ for priority ranking index:

Where:

Pl=(_1 ) TF’ FC’ MF’ R
PCI

Pl = Priority Index.

TF = Traffic Exposure Factor.
FC = Road Classification Factor.

MF = Maintenance History Factor.
SR = Special Factor to emphasize Priority of Specially Designated Routs.
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A larger PCI value indicates better road condition and hence lower priority ranking number for
improvement. Thus, the priority ranking system will indicate needs for maintenance as a function
of PCI in a descending order, while the other factors modify the priority ranking index.

In South Dakota Department of Transportation in USA(25), the priority ranking depends on ten

factors. These factors are contributed to a percentage to the priority ranking number as follows:

Surface Condition 25%
Rideability 23 %
Remaining Surface Life 22%
Drainage Adequacy 7%
Surface Thickness 5%
Surface Maintenance 5%
Roadway Strength 4%
Current Traffic 3%
Current Truck Traffic 3%
Friction 3%

The sections are then prioritized within funding category in worst-first order. When ranks are
equal, pavements with higher functional class and higher traffic volumes would prioritize ahead.

3.5 Pavement M anagement in Gaza City

The Department of Road Maintenance at Gaza Municipality is responsible for performing
routine and periodic maintenance works for the city streets. The available resources at the
Department in terms of technical skills, human resources and the quantity and condition of
equipment should form the backbone for its capability to carry out the road maintenance and
rehabilitation programs. From a field survey, Table (3.2) shows the available equipment at the
Maintenance Department and their condition as informed by the Department Director while, the
manpower is aso shown in Table (3.3).

It is observed that the listed current resources (personnel and equipment) at the Department need
to be updated and can not efficiently help in performing maintenance activities. For road
network maintenance and due to limited resources, the Department policy depends on the

application of minimal maintenance to await total road deterioration before new construction is
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required. This policy requires a larger amount of budget but at fewer intervals. Experience shows
that the policy of application of periodic maintenance at specified condition levels is more
profitable for society and easier to manage although it requires a larger budget but at less often
intervals. The Department considerably suffers from budgeting constraints since its financial
resources based mainly on external funds. These funds are generaly presented in terms of

materials and equipments.

Table (3.2): Equipment and their Condition at Gaza Road Maintenance Department.

Equipment \[e} Condition
Pick up 1 Good
Hand Roller 1 Fair
Roller #214 with driver 1 Fair
Vibration Plate 2 Poor
Excavator 1 Fair
Asphalt Saw 3 Poor

Table (3.3): Manpower at Gaza Road Maintenance Department.

Per sonnel \[e}
Civil Engineer 1
Unit Chief 2
Technician 8
Worker 10
Coordinator 1

Good efforts were performed for evaluating different segments of Gaza pavement network

a(2, 3 4

through graduate projects conducted in the Isamic University of Gaz . It may be

considered the first step toward the right management to the pavement assets. All of these
projects used Micro PAVER in assessing these pavement segments. References (2) and (3)
recorded the evauation results into GIS software, while Reference (4) is limited to perform

comparison between manual and Micro PAVER evaluations.
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Although, the following points can be highlighted:

1.

These projects evaluate only individual segments of Gaza pavement network rather than
the whole network.

There isno clear coding system that can be used to define the network segments.
There is also no observed linking between Micro PAVER and GI S software.
Needs along the network can not be determined.

There is no modeling analysis performed to achieve maintenance needs, budgets, etc.
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Chapter Four: Development of a Pavement Maintenance Management System

4.1 Scope

This chapter discusses the development of the proposed Pavement Management System for Gaza
City which is the main objective of this study. It illustrates the assumed system components, the
different tasks of the PMMS process and the PMMS architecture. This chapter also outlines al
the practical and theoretical steps that were performed to build the proposed system.

4.2 TheProposed PMM S Components
The assumed PMMS depends mainly on the following three complementary management

software components:

1. Micro PAVER
It is used as a pavement management tool to store the inventory information, distress data
and PCl values. It helps in evaluating the city streets. Furthermore, roads condition

assessment can be performed easily and rapidly by using this software program.

2. GeoMedia Professional
It is used as a Geographic Information System (GIS) tool that offers a complete set of spatial
analysis and provides a high-performance decision support.

3. Visual C++
It is used as a modeling tool. It contains a simplified graphical user interface that provides
information and decisions about the city maintenance needs, treatments, budgets ... etc.

As stated earlier in Chapter Three, any PMMS consists mainly of two maor components:

- Aninformation system to collect, store and manage data and information.
- Decision support system to process and analyze these data for decision making.

Clearly, the above three software use the Access database format and consequently the
information system is contained. In addition, the three components also have the capahility to
perform models and make comprehensive analysis. Therefore, the decision support system is
also included within this proposed system.

4.2.1 Micro PAVER
Micro PAVER is a Pavement Management System developed by the US Army Corps of
Engineers. It was first released in 1981 and supported by many agencies in the USA like US
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Army, US Air force, Federa Aviation Administration (FAA) and Federal Highway
Administration (FHA).

Micro PAVER aids pavement managers in deciding when and where to appropriate funds for
pavement maintenance and rehabilitation. Micro PAVER provides pavement management
capabilities to:

Develop and organize the pavement inventory.
Assess the current condition of pavements.
Develop models to predict future conditions.

Report on past and future pavement performance.

KK KKK

Develop scenarios for pavement maintenance based on budget or condition requirements.

Micro PAVER inventory management is based on a hierarchica structure composed of
networks, branches and sections, with the section being the smallest managed unit. Figure (4.1)
shows the main page screen of the Micro PAVER.

P” PAYER 4.2 (PMS_GAZA)

Fig. (4.1): The Main Page Screen of Micro PAVER.
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To assess pavement condition, Micro PAVER uses the Pavement Condition Index (PCl) as the
primary standard. Micro PAVER also provides users an interface for recording the results of an
inspection. In addition, condition analysis, condition prediction and work plans can be made by
it.

4.2.2 GeoM edia Professional

Intergraph GeoMedia Professional is the first spatial data collection and management product
specifically designed to work with standard relational databases. It is focused on high
productivity data capture and editing, data analysis and reporting. It also includes al the power
to provide a complete GIS solution from capture, display and output. GeoMedia also provides
high-performance decision support and establishes new ways of communicating geographically.

GeoMedia Professional supports a variety of data development categories, including vector and
raster registration, digitizing, feature editing, attribute processing, geometry and connectivity
validation, bulk database loading and data import and export.

GeoMedia Professional contains several settings that can be used as needed. SmartSnap settings
automatically identify features such as vertices, endpoints, origins, midpoint, raster corners,
intersections, end of lines, open and closed symbols and centers. SmartSnap tools guarantee that
the desired topological relationship exists and ensure accurate digitizing and editing with
minimal view display adjustments.

There are several different approaches to data collection and development work flows. Users can
digitize al the graphics and then add nongraphic feature attributes. Conversely, users may work
with features that have attributes but no geometry. A third approach is to attribute the geometry
as it is digitized. GeoMedia Professiona can automatically produce an attribute entry dialog as
each feature is digitized.

To view feature data in a GeoWorkspace or to import features into a read/write warehouse type,
a warehouse connection must be first established. The warehouse connection wizard alows to
connect easly to warehouses and to edit existing warehouse connections. It can be connected to
data created in the following formats:
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vy ACCESS y CAD (AutoCAD, Micro Station/IGDS)
vy ARC/INFO Yy Modular GIS Environment (MGE)

Y ARC View shapefile Y SQL Server Read-Only Server

vy Maplnfo Y SQL Server Read/Write Server

y FRAMME™ y MGE DataManager (MGDM)

Yy ODBC Tabular Y MGE Segment Manager (MGSM)

y Oracle Object Model y Oracle Relational Model

4.2.3 Visual C++

Visual C++ is an object-oriented C++ compiler from Microsoft and is used as a tool for
programming under windows environment. Microsoft Visual C++ is a powerful tool that
contains everything necessary to create anything from simple console DOS programs to
sophisticated application for 32-bit Windows applications.

The Microsoft Foundation Class Library (MFC Library) is a C++ class library released with
Microsoft Visual C++ to support application development on Microsoft Windows. Although,
MFC is most often used in Graphical User Interface (GUI) applications, it can be used to develop
any type of application. The MFC Library consists of a numerous classes that are thin wrappers
for high level Application Programming Interfaces (APIs). All the Win32 Kernel, Graphical
Device Interface (GDI) and user objects have associated MFC classes. The MFC library is called

avertical library, asit uses class inheritance heavily with very little C++ templates.

4.3 PMM S Process

The implementation of PMMS to Gaza pavement network is completed with a systematic
procedure that involves the following tasks on a periodic basis:

1. Defining the Gaza roadway network by breaking it into management segments and
creating an inventory for each segment.

2. Ingpecting and Gathering the pavement condition and maintenance data of each
segment in the network.

3. Caculating the pavement condition by selecting an evaluation criterion.

4. Determining the treatment strategy and cost for each segment based on pavement
condition.

5. Developing a method of prioritizing segments when funding constraints exists in a
pavement maintenance program.

6. Documenting and reporting results.
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These tasks are illustrated in the following chart in Figure (4.2) and discussed below:

Gaza Pavement Gaza Pavement Condition
Inventory Data Network Assesment &
Collection Inspection Prediction
Institutional
Gaza _N(_at_vvork Data: Polices,
Definition Standards, etc.
Documenting & Maintenance Treatment
Reporting Prioritization Strategy & Cost

Fig. (4.2): GazaPMMS Process.

4.3.1 Gaza Roadway Network Definition

For a pavement network to be defined, it is very important to choose a detailed referencing
system. A referencing system defines one segment of a pavement network from another.
Actualy, Gaza Municipality has aready established a street coding for its roads and buildings to
help in field surveys in order to improve the quality of services offered to the citizens. In this
research, it is better to make use of this road coding but with some modifications in sectioning to

suit with pavement maintenance requirements.

Gaza roads are classified functionally into the following three categories:

1- Arterial Roads
Those roads that pass through the whole city and they hold numbers taking the Identification
(ID) form (X00), where X is between 1 and 9.

2- Main Roads
They are the roads that have large lengths and widths and they are considered as main roads.
They are given the ID form (XXO).

3- Local Access Roads
The roads that have small lengths and widths and they are numbered in the ID form (XXX).
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Two major roads are selected as reference roads. Ommar Al-Mukhtar and Al Rasheed Streets.
The first extends longitudinally from west to east and given road ID 200. The other extends

transversely from north to south and given road ID 100.

Each road should have a unique code number. Other roads are numbered according to the

following criteria

y

&

&

&

&

&

KK

Longitudinal arterial roads (X00) have even numbering:
Road Name Road ID Road Name Road ID
Ommar Al-Mukhtar Str. 200 Baghdad Str. 400
Khalil Al-Wazeer Str. 600 Street No. 8 (Own Al-Shawa) 800
Transverse arterial roads (X00) have odd numbering:
Road Name Road ID Road Name Road ID
Al Rasheed Str. 100 Al Agssa Str. 300
Al Jalaa Str. 500 Salah Eddin Str. 700
Al Karama Str. 900

Longitudinad main roads (XX0) have even numbering to the right of the reference
longitudinal arterial but odd to the left as follows:

R: 220, 240,....280, ...... 420, 440, ...... 480, ...... 620, ...... 820, etc

L: 210, 230,....290, ...... 410, 430, ...... 490, ...... 610, ...... 810, etc

Transverse main roads (XXO0) have even numbering to the right of the reference
transverse arterial but odd to the left as follows:

R: 120, 140,....180, ...... 320, 340, ...... 380, ...... 520, ...... 720, etc

L: 110, 130,....190, ...... 310, 330, ...... 390, ...... 510, ...... 710, etc

Local access roads (XXX) have even numbering if they are to the right of the
longitudinal reference road (Ommar Al-Mukhtar street) and they are odd if they are to the
left of it.

Any continuous road intersects with a reference road has two numbers. As Al Kanal and
Al Jalaa stresets.

Any road that has alength more than 100 m should have a single number.

If the road length is less than 100 m, it will have a sub number of the road that is
perpendicular to it. For example, if a street has length less than 100 m and perpendicular
to another street has ID 270, the number of this street will be 2701, 2702, ..... etc.
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For Gaza pavement network system to be efficiently managed, it is broken down into small units,
branches, where they are taken here as the city streets. Because a branch does not always have
consistent characteristics and thereby does not require the same maintenance and rehabilitation
treatment throughout its entire length, therefore, it is divided into smaller manageable sections
(segments). To identify these sections, they must be measured from one reference point to
another. The boundary between two sections of a branch in Gaza network is defined according to
one of the following factors:

A change in the number of traffic lanes.

A change in pavement or surface type.

A change in pavement width.

Roadway major intersections.

Gaza city limits.

Recommended length (every one km, one mile or others).

KKK

Pavement condition.

While dividing the network into sections, it is important to identify each one with a unique
number. Numbering the sections is very important to ensure that those using the PMMS can
easly identify the segment and locate them for inspections and repair work. The start of
numbering for the longitudinal branch sections is chosen to begin from the transverse reference
road (Al Rasheed Str.) or from west to east. On the other hand, numbering of any transverse
branch sections begins from the reference longitudinal road (Ommar Al-Mukhtar Str.) i.e. from
south to north for those roads to the right of Ommar Al-Mukhtar Str. and from north to south to
roads to the left of Ommar Al-Mukhtar Street. Exceptions are made to the transverse branches,
Al Rasheed, Salah Eddin and Al Karama streets where numbering begins from north to south
without referring to the reference road (Ommar Al-Mukhtar Str.). As an example for branch

sections numbering:

Y Al Rasheed Str. which has ID 100 is divided to 9 sections (1/100, 2/100, 3/100, ...9/100)
starting from the northern boundary of Gaza city.

vy Mostafa Hafiz Str. which holds number 360 has sections 1/360, 2/360, etc. Numbering
starts from Ommar Al-Mukhtar Str.

y Branches, that have medians, are divided into sections holding the symbols R or L to
define the location of the section right or left this median. Example: 2R/800, 2L/800, etc
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4.3.2 Network Data Collection

This section covers the inventory data collection, Gaza pavement network inspection and
institutional data tasks shown in Figure (4.2). Once the network is in manageable sections, all the
data associated with each section needs to be collected. The network data collection is the
foundation of any pavement management system. The intent of gathering data is to collect
enough detailed information about the network to relate it to pavement condition, traffic, cost
and funding. The process of collecting general data can be accomplished over time and should be
done in three phases:

-

y Determining the types of data needed.
y Determining which data already exists in office records.

y Determining the remaining data which must be gathered by a survey team.

One of the most required data is the inventory data. The basic purpose of this inventory is to
provide information describing the pavement physical features. A survey team should be selected
to conduct the physical inventory. The team members should have a basic knowledge of
roadways in the network, the concept of sectioning and reference points and the inventory data
collection procedure. As much data, as possible, should be gathered in the office before
beginning the field inventory. Generally, the inventory is recorded once and will not be updated
unless physical characteristics change.

It is important to redlize that the PMMS is only as good as the data stored in a database. The
minimum required data for each street section includes:

Data entry date or construction year (last surface).

&

Street name, number and section designation.

&

Beginning and ending location of the section.

&

Functional classification.

&

Number of lanes.

&

Pavement type.

&

Pavement thickness.

&

Pavement length, width and area of the segment.

KK

Average Daily Traffic (ADT) and traffic composition based on truck data

46



Chapter Four: Development of a Pavement Maintenance Management System

Another type of required data that need to be calculated is the ingtitutional data. The institutional
data will include administration goals, policies, standards, resources, budget details and annual

constraints.

After the pavement management inventory and institutional information have been created and
all the data has been collected, pavement condition data survey can begin. Regularly scheduled
pavement condition inspection is one of the most important steps in implementing a
comprehensive PMMS. The purpose in performing pavement condition surveys is to document
the progressive deterioration of each network section.

For Gaza pavements in particular, an extensive field survey was performed to collect the network
system and condition data. Unfortunately, a lot of difficulties were faced either due to
insufficient information or nonexistent of previous office records (traffic data, system data, etc).
Although, satisfactory inventory database was created about the city pavement sections including
street name, street ID, section ID, section length and width, etc. Table (4.1) shows the major
branches that are considered in the network. These branches constitute a large representative
sample and additional branches or branch sections can be added in the future as needed.

Information about sections can be shown in Table (4.2) which illustrates part of the section data
in Gaza pavement network. As an example, the table shows section ID, number of lanes, surface
type, true area and inspection date for each branch section. Section (1/100) of branch Al Rasheed
Street has Asphalt Concrete (AC) surfacing and its true area is 4900 m?.

Evaluating the condition of Gaza pavement network will be based on detailed visua inspection
survey. It deals with the identification of pavement distress type, its extent and the level of
severity of each type and it is aso based on PCI criteria. Although, other methods including
automated data collection, hand held computers, tablet computers or pocket inspectors may be
developed to facilitate inspection and to eliminate data entry errors.

As a case study, a visua inspection survey was conducted to a case study zone illustrated in
Figure (4.3). This zone is bordered by the segments of roads of Al Agssa, No. 8, Al Rasheed and
Jammal Abdel Nasser streets. It is also been throughout by Jammet Al-Doul, Al Quds, Tunis,
Mostafa Hafiz and Cairo streets with approximately 14 km long of roads.
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Table (4.1): Major Branch Data in Gaza Pavement Network.

Number

Branch Branch Name of True Area
ID Sections (SM)
100 Al Rasheed 9 57,080.00
116 Sharl Degool 1 4,340.00
128 Al Majdal 1 3,780.00
160 Al Quds 3 13,440.00
170 Ezeddin Al Kassam 6 24,568.00
190 Al-Nassr 12 41,720.00
200 Ommar Al-Mukhtar 16 62,840.00

20285 | Bostan 2 7,840.00

20661 | Abu Bakr 1 9,800.00
230 Al Wehda 8 39,144.00
240 Jammal Abdel Nasser 10 38,570.00
300 Al Agssa 6 24,080.00
340 Jammet Al-Doual Alarabia 4 17,108.00
360 Mostafa Hafiz 2 11,760.00
380 Al Moghrabi 4 22,680.00
390 Al Yarmouk 7 21,945.00
400 Baghdad 4 25,770.00
420 Buirut 3 9,170.00
422 Al Basateen 2 4,620.00
430 Al Sahaba 3 8,750.00
460 Cairo 3 8,610.00
500 Al Jalaa 12 59,745.00
520 Najm Eddin Al Gazzi 1 2,100.00
526 Al Kanal 2 6,440.00
530 Port Saed 6 12,810.00
546 Ali Bin Abi-Talib 1 2,450.00
560 Om Al-Limon 2 3,220.00
570 Yafa Str. 3 15,050.00
600 Khalil Al-Wazeer 13 71,494.00
690 Ommar Bin Al Khatab 6 33,152.00
700 Salah Eddin 16 82,320.00
710 Fahmi Bake 1 1,015.00
780 Al Mamadani 1 2,100.00
800 Street No. 8 16 51,260.00
810 Ghassan Kanafani 2 6,984.00
830 Salah Khalaf 8 39,620.00
870 Al Shaaf 4 17,280.00
880 Al Mannsoura 3 17,460.00
900 Al Karama 5 30,520.00
940 Al Shamaa 3 9,170.00
986 Ferass 1 2,380.00

48




Chapter Four: Development of a Pavement Maintenance Management System

Table (4.2): Part of Section Datain Gaza Pavement Network.

Branch Branch Section | Inspect. True Area
i Name D Date Surface | Lanes (SM)
100 | Al Rasheed 1/100 |09/01/2003 AC 2 4,900.00
100 |Al Rasheed 2/100 |09/01/2003 AC 2 10,150.00
100 |Al Rasheed 3/100 |09/01/2003 AC 2 2,310.00
100 |Al Rasheed 4/100 |09/01/2003 AC 2 2,905.00
100 |Al Rasheed 5/100 |09/01/2003 AC 3 7,665.00
100 |Al Rasheed 6/100 |09/01/2003 AC 3 7,800.00
100 |Al Rasheed 7/100 |09/01/2003 AC 3 4,300.00
100 |Al Rasheed 8/100 |09/01/2003 AC 3 9,850.00
100 |Al Rasheed 9/100 |09/01/2003 AC 2 7,200.00
116 |Sharl Degool 1/116 |09/01/2003 AC 2 4,340.00
128 |Al Majdal 1/128 |09/01/2003 AC 2 3,780.00
160 |AI Quds 1/160 |09/01/2003 AC 2 3,990.00
160 |AI Quds 2/160 |09/01/2003 AC 2 2,940.00
160 |AI Quds 3/160 |09/01/2003 GR 2 6,510.00
170 |Ezeddin Al Kassam 1/170 |09/01/2003 AC 3 5,460.00
170 |Ezeddin Al Kassam 2/170 |09/01/2003 AC 3 3,870.00
170 |Ezeddin Al Kassam 3/170 |09/01/2003 AC 3 4,788.00
170 |Ezeddin Al Kassam | 4L/170 |09/01/2003 AC 2 2,880.00
170 |Ezeddin Al Kassam | 4R/170 |09/01/2003 AC 2 2,880.00
170 |Ezeddin Al Kassam 5/170 |09/01/2003 GR 2 4,690.00
190 |AI-Nassr 1L/190 |09/01/2003 AC 2 2,730.00
190 |AI-Nassr 1R/190 |09/01/2003 AC 2 2,730.00
190 |AI-Nassr 2L/190 |09/01/2003 AC 2 3,780.00
190 |AI-Nassr 2R/190 |09/01/2003 AC 2 3,780.00
190 |AI-Nassr 3L/190 |09/01/2003 AC 2 3,010.00
190 |AI-Nassr 3R/190 |09/01/2003 AC 2 3,010.00
190 |AI-Nassr 4L/190 |09/01/2003 AC 2 3,360.00
190 |AI-Nassr 4R/190 |09/01/2003 AC 2 3,360.00
190 |AI-Nassr 5L/190 |09/01/2003 AC 2 4,690.00
190 |AI-Nassr 5R/190 |09/01/2003 AC 2 4,690.00
190 |AI-Nassr 6L/190 |09/01/2003 AC 2 3,290.00
190 |AI-Nassr 6R/190 |09/01/2003 AC 2 3,290.00

A pavement condition inspection form was prepared for this purpose. This form containing for
example the condition data of Jammet Al-Doual Alarabia street is shown in Figure (4.4).

Not all parameters need to be inspected every year, but an inspection scheduling procedure
should be developed to assist in determining which sections should be re-inspected. A
recommended pavement condition inspection policy minimizes the overall inspection effort of

the city. A 2-3 year inspection interval at maximum is recommended V.
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INVENTORY INFORMATION

DATE: 1/9/2003

Street name:

) Street ID: 340 Functional class: Main
Jamet Al -Doul Al arabia
Section |D: 2/340 From: 280 To: 420

Section length: 170 m

Section width: 7 m

Number of lanes: 2

DISTRESS INFORMATION

1. Alligator Cracking 8. Reflection Cracking 15. Rutting
2. Bleeding 9. Lane/Shoulder Drop Off 16. Shoving
3. Block Cracking 10. Long. & Trans. 17. Slippage Cracking
4. Bumps and Sags 11. Patching & Util. Cut 18. Swell
5. Corrugation 12. Polished aggregate 19. Westhering & Raveling
6. Depression 13. Potholes
7. Edge Cracking 14. Railroad Crossing
Distress type 5 6 10 11 12 15 19
80 L 5M 3H 5M 80 20L 5L
81L SH 10L 10M 80 30L
20M SM
15L
Low 161 L 5L 50 L 5L
Total
Severity Medium 5M 20M | 20M 160
High 5H 3H
Comments:

Notes: 1. Distress (13) is counted as number of potholes.

2. Other distress types are measured in n” except (4—7—8-9-10) inm.

Fig. (4.4): Pavement Condition I nspection Form for Jammet Al-Doual Alarabia street.
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4.3.3 Condition Assessment and Prediction

After inspecting the pavement network, the condition assessment of each section is performed by
using Micro PAVER. The PCI value for each section or branch can then be determined and
consequently the current condition can be identified. Table (4.3) shows the condition of the case

study zone sections as calcrlated hv Micra PAVER
Table (4.3): The PCI Values of the Case Study Zone Sections.

Branch Section | Inspection Section
Branch Name Lanes Area PCI

ID ID Date m2

100 Al Rasheed 7/100 09/01/2003 4,300.00 | 28.00
100 Al Rasheed 8/100 09/01/2003 9,850.00 | 65.00
160 Al Quds 1/160 09/01/2003 3,990.00 | 59.00
160 Al Quds 2/160 09/01/2003 2,940.00 | 75.00
240 Jammal Abdel Nasser 2/240 09/01/2003 3,500.00 | 14.00
240 Jammal Abdel Nasser 4R/240 | 09/01/2003 4,760.00 | 67.00
240 Jammal Abdel Nasser 3R/240 | 09/01/2003 4,410.00 | 70.00
240 Jammal Abdel Nasser 3L/240 | 09/01/2003 4,410.00 | 84.00
240 Jammal Abdel Nasser 4L/240 | 09/01/2003 4,760.00 | 86.00
300 Al Agssa 3R/300 | 09/01/2003 4,830.00 | 66.00
300 Al Agssa 1R/300 | 09/01/2003 4,410.00 | 69.00
300 Al Agssa 2R/300 | 09/01/2003 2,800.00 | 74.00

340 Jammet Al-Doual Alarabia 1/340 09/01/2003
340 Jammet Al-Doual Alarabia 2/340 09/01/2003
340 Jammet Al-Doual Alarabia 3/340 09/01/2003
340 Jammet Al-Doual Alarabia 4/340 09/01/2003

4,095.00 | 37.00
1,190.00 | 55.00
5,680.50 | 55.00
6,142.50 | 59.00

NINININININININININIWIWINIWINININIINININININININWiW

360 Mostafa Hafiz 2/360 09/01/2003 6,090.00 | 51.00
360 Mostafa Hafiz 1/360 09/01/2003 5,670.00 | 59.00
420 Buirut 2/420 09/01/2003 2,940.00 | 52.00
420 Buirut 1/420 09/01/2003 2,800.00 | 67.00
420 Buirut 3/420 09/01/2003 3,430.00 | 75.00
460 Cairo 1/460 09/01/2003 2,730.00 | 74.00
800 Street No. 8 3L/800 | 09/01/2003 3,598.00 | 59.00
800 Street No. 8 2L/800 | 09/01/2003 2,275.00 | 75.00
800 Street No. 8 4L/800 | 09/01/2003 3,846.00 | 76.00
800 Street No. 8 4R/800 | 09/01/2003 3,846.00 | 76.00

Over time, the Gaza PMMS database will contain a great amount of historical pavement
condition data about the network. This information can be used to develop pavement
performance curves (models) that predict how a certain type of pavement will perform based on

how it has performed in the past.
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4.3.4 Maintenance Strategy and Cost

After having determined a PCI score for each branch section of the network, calculating a range
that the score falls within will be needed to assist in selecting a possible treatment. For example,
if a section is in good condition with a PCI of 84, it would receive a different treatment than a
section in poor condition rated as 35. In general, maintenance strategies based on the pavement
condition range from routine patching, crack sealing, overlaying to reconstructing as a last
option. Suggested pavement treatment of a section can be selected according to the range that the
PCI of this section belongs to asillustrated previoudy in Table (2.3).

One of the key activities in Gaza pavement management is budgeting since funding needs are
aways much lower than available funding. After al needed pavement information has been
collected into the database; methods to analyze that information are needed to make budget
decisions at network and project levels. Decisions at network level are related to program and
policy issues for the entire network and they constitute the most use and interest to the
municipality mayor, manager, budget director, etc. Decisions about network level include:

-

y Establishing pavement preservation polices.

-

VY ldentifying priorities.
y Estimating funding needs.
v Allocating budgets for maintenance, rehabilitation and reconstruction.

Network level analysis is best used for overal budget estimates, examining hypothetical,

projected circumstances or "what if" questions.

Project level analysis is a series of steps to determine the cause and extent of pavement
deterioration. This level of analysis will be done by the engineering and technical staff to
identify cost-effective maintenance and rehabilitation repairs for specific pavements at specific

locations.

To get the most cost-effective methods for providing satisfactory pavement condition, all
strategies possible within a set time frame can be economically analyzed. All costs associated
with each strategy can then be totaled for comparison with other strategies and the desired
strategy will be the one with the least total cost.

53



Chapter Four: Development of a Pavement Maintenance Management System

4.3.5 Maintenance Prioritization

After the condition of all network sections have been calculated and the trestment and cost
determined, the application of a method for choosing a logical order to address the section is
needed. As stated earlier in Chapter Three, there are different methods which can be developed
for establishing priorities. Prioritization can be as smple as a "best section first" or "worst
section first”. The ranking index formula which was developed by Khoury and et a considers a
combination of section condition, functional classification and traffic exposure. On the other
hand, it neglects the effect of cost in making decisions.

PI :(—1 )" TF” FC" MF~ R
PCI

Any prioritization method should be selected carefully to suit the circumstances of Gaza as a
developing city.

4.3.6 Documenting and Reporting

Once a prioritization list of roadways is developed, they should be formulated into a budget
document and reported to the decision makers. Due to the technical nature of the data and the
analysis, it is desirable to trandate the findings from the PMMS into clear terms that are
understandable to decision makers. In presenting the PMMS findings, it is important to be brief
and point out key facts which will enable them to make better decisions. Areas of presentation
may include:

Yy The current condition of the pavement network.

Yy The future condition of the pavement network, at different funding levels.

Yy How much deferred maintenance will occur and what its cost will be if the current
funding level does not alow for al of the roads to be fixed.

Gaza PMMS reports or computer outputs can be divided into different categories for
management, engineers, legidators, etc. Examples of the types of reports available from a
PMMS include:

vy The current condition of pavements, by project or section.
vy Budget requirements to meet performance objectives.

Yy Summary of distress levels over time.

y Sit

e specific plans for maintenance and rehabilitation.
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y Priorities for alocating maintenance and rehabilitation funds by pavement projects, or
sections.

v A history of maintenance and rehabilitation by project, section or year.

vy Estimated maintenance and rehabilitation costs.

4.4 Gaza PMM S Software

As mentioned earlier in this chapter, Gaza PMMS depends on the direct integration between
Micro PAVER and GeoMedia Professional software programs. Condition data is entered and
processed by Micro PAVER to assess pavement network. Results are saved in the PAVER
database and then connected into GeoMedia through the Warehouse Connection Wizard. Join of
PAVER and GeoMedia databases is established based on the similar section ID in both. This will
enable data and condition results after each periodic inspection to be updated. Visual C++ is used
to provide a smple user interface that can help in making sound decisons about Gaza
pavements. Getting started in building Gaza PMMS is discussed deeply in the following topics
stated below.

4.4.1 Micro PAVER Work
The following steps are performed to construct Micro PAVER work that constitutes the input
software program in the proposed Gaza PMMS.
1. A new database named (PMS_Gaza) is opened from "File" menu.
2. "Inventory Items" icon isfirst clicked to show Network, Branch and Section sub icons.
3. "Network" sub icon is aso clicked to enter Network 1D and name. For Gaza case, Figure
(4.5), the network is named "Gaza City" and itsID is set "01". Other pavement networks
like Khan Y ounis, Rafah, etc can be added.
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F|Ie Tables Edlt Preferences

Window  Help

I Field § Std Pred. Cond.
Items Inspect Repart M ode| Analps.

PAVER] I Addnl ‘
GIS Menu

-~

2 Inventory Items -- Descriptive Data 3 i X

1. Hetwork: 01

2. Branch: 800 3. Section: 1R800 Ti. Summary Charts

;I| | Gaza City ;I|

Hetwork: | ol
Network 1D Mame
ol Gaza_City

Comments ‘A Pavement Maintenance Managent System [PMMS] for Gaza City ‘

Pictures | Mew | Copy | Delete | Close | Help |

Fig. (4.5): Gaza Network Name and ID Establishment in the PAVER.

4. All information about Gaza streets "Branches' are entered in the PAVER by clicking the

"Branch" sub icon, including branch name, branch ID and the pavement use as shown in

Figure (4.6).

P PAVER 4.2 (PM5_GAZA)

File Tables Edit Preferences

Window  Help

P i [P Field § Std PAVER | MR, Adcnl E
ltemns |% .;,,; Inspect Report GIS [ Menu £
2 ipki -10] x|

TLL Summary Charts

Branch: | 240

Branch ID Mame
Jammal Abdel Nassg'chalil Al'Wazeer

lJammet Al-Doual Alarabia o

Mostafa Hafiz

Use Sum of Sect. Tru k
Om Al-Limon _I
BOADWAT | e 5 Ommar Al-Mukhtar

Majm Eddin Al Gazzi

- Sum of Section Length

Comments ‘

Pictures | Hew | Copy | Delete | Closze | Help |

Fig. (4.6): Gaza Pavement Branch Definition in the PAVER.

5. Sectioning Gaza pavement network in the PAVER is then established by using the

"Section” sub icon and selecting "New" button to enter the section data as shown in

Figure (4.7).
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R
1. Hetwork: 01 2. Branch: 800 3. Section: 1R800 Ti. Summary Charts 4
Branch: |3'-'||] | |5lleel Mo. 8
Section: |1R/800 =] |00 = Te [120 |

Section 1D From To

1R/800 100 120

*Last Const. Length |Width |Unit|Calc. Area |AreaAd). |True Area |Unit |{Shoulder |5t Type
143 7 A | X LAY 2 F T S

Grade |Categon|Zone Bank [Type |Lanes

Conditions Families
PX 2 Date Method|Cond. | [Method|Family
01/09/2003 {PCc1 |100 | EPC DEFAULT

Sidewalk Curb Reveal
“Note: Update LCD | Comments
in Work History

Pictures | Hew | Copy | Delete | Cloze | Help |

m. Mandatory Informal.n for New Secktion

Sechlion |[ o | me| | Tu| |
1D

Construch P t - Rank -
Di;rtl: ruc |un| | T::;:men AC ._i| an

(1.4 | Cancel |

Fig. (4.7): Gaza Pavement Section Definition in the PAVER.

6. After defining all the elements of Gaza network, the inspection data entry has been
established by pressing "Field Inspect” icon. Fig. (4.8) illustrates the inspection data entry
in the PAVER for "Jammal Abdel Nasser Str. - Section 2/240".
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VER 4.2 (PM5_GAZA)

Tables Edit Preferences ‘Window Help
FAVER] I Addnl
GIS % fenu

I
Iterns

ES

Analys. :

£}

| Field
‘é; Inzpect

N Inspection Data Entry

(O] %]

05 CORRUGATION
" 06 DEPRESSION
" 07 EDGE CR

(12 POLISHED &G
(13 POTHOLE
14 RR CROSSING

19 WEATH/R&VEL

Network:  |m 7| |Gaza_city =]

Branch: 240 j ammal Abdel Naszer j

Section:  [2/24p =] |10 || Te: [340 |

Inspection: | 01/09/2003 j Sample: | j Calc PCI | !nspeclinnsl Conditions |

Suiface:AC  Sechion 3 500 5M Sample 3 5. 7] Branch Rpoapway
Area: Size: Uze:

& 01 ALLIGATOR CR ( 02 JT REF. CR 15 RUTTING

" 02 BLEEDING (09 LAME SHDROP € 16 SHOWING

03 BLOCK.CR 10 L_TCR € 17 SLIPPAGE CR

04 BUMPS/S4G5 11 PATCHAUT CUT € 18 SWELL

Delete

Replace

Severit
EYEMY ~low & Medium Hgh O

BQuantity
35.00 SqM

ALLIGATOR CH _iM
CORRUGATION [H
CORRUGATION M
DEPRESSION M

| Hext Sample I |Elevinus Samplel | Samples I | Help

2
=]
1]
@

Fig. (4.8): Gaza Inspection Data Entry in the PAVER.

The condition of this section (2/240) may be shown by pressing "Calc PCI" button as
illustrated in Figure (4.9).

Metwork 1D: Branch ID: Section ID:  |2/240

Branch Name: |Jamma| Abdel Maszer |

x|

Section Length: Section Width: |?- ||"'| | Section Area: [3.500. “

r Samples ;

Percentages 1 Inspection
Random Surveyed

Load: 42 v = Date: 0170972003
Additional Surveped

i - 13 i -
Climate: Tiital S aiples 1 Section PCI:
Other: 45 Recommended For Proj ; -
ject Std Dev.:

] B |

Individual Distreszes

1 1 |ALLIGATOR CR Medium 35 SH 1. 21.06

1 5 |CORRUGATION High 200 SH LA | h352

1 5 |CORBRUGATION Medium 100 SH 2.86 2528

1 6 |DEPRESSION Medium 100 SH 2.86 14.04

1 10L& TCR Medium 500 M 4 36 21.09

1 11 |PATCH/UT CUT High 40 SH 1.14 19.55
Cloze | Help |

Fig. (4.9): PAVER Condition Assessment of Section (2/240).
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7. Figure (4.10) shows how to get standard reports including branch listing, work history,
branch condition and section condition reports. Part of section condition report is
illustrated in Figure (4.11).

E PAYER Standard Reports ] x|

¥ Branch Listing Beport
£ Swlork History Beport
(" Branch Condition Beport

" Section Condition Bepart

Selection Criteria

Selection Crtena Exit

*Pleaze Mote For Large Reportz: After prezsing Execute, once the hour glazs
dizappears, it may take several minutes for report data to populate the report form,

Fig. (4.10): PAVER Standard Reports.
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=& x]

4] 4 1of9 >|H|-|§|®||1DDI v| Total213  100¢ 213af 213

=
Section Report
Date: 1272372003 1 of 8
Faverment Database: PME_GA4Z4 Metw orir0: OF
: Last Age
Eranch IO Section IO Last Surface Use Rank | Lanes | True frea Inspection At FLCI
Const. [5h) D=t e Inspeection
D=t e

100 (Al Rasheed) 14100 09012003 AL RDADAY B 2 490000 090172003 1] 100.00

100 (Al Rasheed) 2100 090142003 AL R DALY B 2 10,150.000  D9/01:2003 1] 100.00

100 (A Rasheed) 2100 09012003 AL ROADVIAY R 2 231000 0912003 1] 100.00

100 (A Rasheed) 4100 09012003 AL ROADVIAY R 2 290500 0912003 1] 100.00 i

100 (A Rasheed) 5100 09012003 AL ROADVIAY R 3 TEES.00 0012003 1] 100.00

100 (A Rasheed) G100 09012003 AL ROADVIAY R 3 T.00.00 DO S2003 1] 100.00

100 (A Rasheed) TAo0 09012003 AL ROADVIAY R 3 430000 09012003 1] 28.00

100 (A Rasheed) S/100 090142003 AL ROADNAY B 3 9,850.00 094012003 1] 65.00

100 (A Rasheed) a:/100 090142003 AL ROADNAY B 2 T.200.00 09012003 1] 100.00

116 (Sharl Degaool) 1116 090152002 AL ROADNVAY P 2 434000 09012003 1] 100.00

128 (A Majdal) 11z8 09012002 A ROADVIAY B 2 378000 0012003 1] 100.00

160 (A Quds) 1A160 09012003 A R OADVUAY [ 2 3.990.00 0912003 1] | 50.00 _jll

4 (3

Fig. (4.11): Gaza Section Condition Report in the PAVER.

8. There are other icons that can be helpful in prediction modeling and condition analysis.

4.4.2 GeoMedia Professional Work
The following steps are performed to construct GeoMedia work that provides the dynamic
segmentation of Gaza pavement network:

1. Defining the local coordinate system of Palestine in the GeoMedia, Old Palestinian Grid
(OPG), from the accompanying program "Define Coordinate System File". This step is
established by entering the storage, projection and ellipsoidal parameters that defines OPG
system. These parameters are obtaned from the Computer Department in Gaza
Municipality. Thistask isillustrated in Figure (4.12).
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x|

Advanced Storage Parameters

Define Coordinate System File

Storage Space | Projection

] —Horizontal rezolution
-~ Base storage type
" Geographic Iﬁ {m |
@ Frojection -~ Storage center
Advanced Parameters. . P |D m
e |U T
Ok I Cancel |

Define Coordinate System File

Projection Parameters

Longitude of arigir:

Latitude of arigin: |31:44:02.749 dimiz
False : |170251.55 m
False'r: |1126867.91 m

Scale reduction factor: |1

] Cancel |

] | Cancel

Define Coordinate System File

Reference Ellipsoid Parameters [’§|

E quatarial radius:

Palar radius: |5355555.41 163090 m

Ecoentricity: ID.DE2483255?ED?555
Flattening: ID.DDS#D?E#E?E?EE#SE

Flattening inwverse: |293.4EEDDDDDDDDE

] Cancel |

] | Cancel

Fig. (4.12): Gaza Coordinate System (OPG) Definition.
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2. Gaza network, as a CAD file, is connected in the GeoMedia by using the accompanying
file "Define CAD Server Schema File". To accomplish this task, three steps are to be
performed. The first, caling Gaza CAD file from its place in the hard disk by clicking
"Files" button as in Figure (4.13a). The second, relating the OPG file to Gaza network
map in the server by clicking "Coordinate Systems' button as in Figure (4.13b). Finally,
defining al the features characteristics of the map by using "Feature Definition” button

as shown in Figure (4.13c).

- [B]X]

-Folders
= CAD Server Schema |._]E][s__<| ——
Create new CAD server schema using
e : " MicroStation E
Map files in selected f e
Auvailable maps: * futolad
" Other T emplate
17 Open existing CAD server schema
rCoordinate system file: |
Avvailable coordi oK ] Cancel shern files:
Coordinate spstem file extensions: 1 sk *.dar
 CAD Server Definition - AutoCad Template I ]
= CAD Server Definition - AutoCad Templa = )
Files T te Susterns T I =fifit T Scanner Optiong
-Folders
Mew...

== Select Folder

LB Al £ e
[ Map files in seld (20 AutaCAD Slids
Aovailablel [AFILES of GIS

23 Intemet lids

L3 Wword wlids

[ 2 aivell s
Drives:

[=a =l L
Folder name
Coordinate sysl | byl & gy
Aveailable L m v
>
=
=«

Coordinate system file extensions: {" csf; *.dgn

Fig. (4.13a): Calling Gaza CAD File from the Hard Disk.
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CAD Server Definition - AutoCad Template

File Help

Files T Coordinate Systems T Feature Definition T Scanner Options

-Folders- T

SatFILES of GIS MNew...

Change

Remave

J

rMap files in zelected folder-
Awailable rmaps: Selected maps:
5 (aza_Streets Mebwork, DWW G
B
£
<4

»]

=l
=

Map file extensions: | dwa; * dwf

Coordinate zystem files in selected folder

Available coordinate zystem files: Selected coordinate syztem files:

_>J OFG. csf
N
£

<
<«

Coordinate system file extensions:  |* csf; * dan

Fig. (4.13b): Relating OPG File to Gaza Network CAD File.

Files T Coordinate Systems T Feature Definiliun?l/ Scanner Options

Feature Definition Wizard - Enter feature name and coordinate system

Specify a unigue name fFor this Feature,
STREETS

Specify the file defining the coordinate system
far this feature,

Cancel MHest > Finizh
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AD Server Definition - AutoCad Template- E[@”z|

Files T Coordinate Systerns T Feature Deﬁnitinn‘q Scanner Dptions

Feature Definition Wizard - Select exposed graphic attributes

Please select which graphic attributes will be exposzed for thiz feature class,
-Feature attribute:
Available attibutes: Selected atributes:
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Textlushification ¥ <4 i
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Cancel ¢ Back Hest » Einigh
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| v
Cancel < Back Mest > Einish

Fig. (4.13c): Defining Gaza Network CAD File as a Feature in GeoMedia
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3. The CAD file is connected to the map window from menu "Warehouse" and "New

Connection” command as shown in Figure (4.14).

€3 GeoMedia Professional - [MapWindow1] 10l =]
EFiIe Edit Wiew Insert Tools Apakysis Warehouse Legend  Window  Help 1= =l

gl = EIEEIEFI*I_I |.....*Im*|m*|_| /Iv\+IAI+I XIfIf‘IOI'|=I
[Frojection +east;marthim] =] [o510856; 103365 85 | @|’F|E§r‘| il ETI@E

ly @ ENGLISH_STREET Laf
fy .~ ROAD_MANTENANCE

Iz~ SEUARET
Iy " STREET_CENTERLINES

Iz o~ STREETE
<| I 4

I_I_Iﬁ

-

B

] als |£|H|HI|EI| L

|2 B x| L

-

2 |

]

lick ta zoorm or press and drag, Esc | [ [1:46,153

Fig. (4.14): Warehouse Connection of Gaza Network CAD File.

>

Sectioning the pavement network of Gaza, as in PAVER, is then established inside the
GeoMedia by building a new feature class named "Street Maintenance 1" by using
"Feature Class Definition" command from "Warehouse" menu. After that, a suitable
database is constructed as shown in Figure (4.15).
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Fig. (4.15): Warehouse Connection of Gaza Network CAD File.

4.4.3 Join between Micro PAVER and GeoM edia

Join between Micro PAVER and GeoMedia aims to make benefits from the capabilities of both
software packages. This will enable the results given by the PAVER to be represented
geographically and analyzed spatially to facilitate the management process. Although, the join
process was very complicated because of the old version of Microsoft Access database that the
PAVER uses to store data. GeoMedia can not easily connect such old database version because

of its complex architecture. To accomplish this process, the following steps were performed:

1. An Access 2000 file named "linkpavement" is first constructed and saved inside the
folder that contains the Access file of the PAVER "pavement”.

2. A table query named "Results' is created within the "linkpavement” file and linked to
read the required data from the PAV ER database including a field of Gaza sections ID.

3. "Reaults’ table is connected into the GeoMedia Warehouse by selecting "New
Connection” command from "Warehouse" menu in the GeoMedia
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4. Table "Results’ is then joined with table "Street Maintenance 1" which was previously
constructed in the GeoMedia based on the similar field of section ID in both tables. This

step is executed by using "Join" command from "Analysis' menu.

Figure (4.16) illustrates part of the join process.

Join x]
Left side of join: Right side of join: ~Output join a3 query
| & StreeLMeintenen [ [E resulls &d Huery name
[Join with Micro PAVER]
Awaillable attribuke Description:
Functional_Clazs - Condition
D From
FPavement_tupe SectionlD
Section_Lanes To
Seqgment_|D ;I
— I - [v Display join in map window
Selected attribute pairs: Map window narme: Style;
Segment_|D /S ectionlD IMapWindnw'I ;I I:“
Hemoyve |
- [v Display join in data window
~Type of jair D ata window name:
(" Inner € Right outer |? [ atatwsindow? |
" Leftouter € Full outer =
O Cancel

Fig. (4.16): Join between GeoMedia and Micro PAVER.

4.4.4 Development of Graphical User Interface

A simple GUI, named PMMS, has been developed to help in presenting the PMMS results and to
justify the decisions that are taken. This GUI contains user-friendly menus that can cal the
Micro PAVER and GeoMedia files. It has also capabilities to execute rapid queries and perform
different types of reporting. In addition to, reports can be exported in different types of document
format (PDF, Excel, Word, etc). With this tool, the GUI can provide answers to questions related

to each one of the following:

1. Pavement Type
Which sections are unpaved?

Which sections are closed?
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2. Pavement Condition

Which sections or branches are failed, poor, excellent, etc?
3. Pavement Maintenance

Which sections require routine maintenance?

Which sections require thin or thick overlaying?

Which sections require reconstruction?
4. Treatment Cost

What are the treatment cost of each section, each branch or overall?

Figure (4.17) shows the main page screen (GUI) of the developed PMMS.
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G o} | Maintenance n |l Al Rasheed Str, 100 7rion 420 460 4300,00 28
2 Jammet Al - Dowal al-... 340 1/340 240 2a0 3900,00 37
| “NE Jammet Al - Doual al-... 340 21340 280 420 1190.00 5y
4 Jammet Al - Doual al-... 340 31340 420 566 5410.00 o5
Select a branch
v Select a branc 5 Mastafa Hafiz Str, 360 21360 240 420 A0O0.00 51
P i} Buiruk Sk, 420 Zr4z0 160 340 2940,00 52
Maintenance Treatment =
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T4 Unit Cost
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Prediction and Priorities -
T4 Prediction Maotes S
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4 4 » M General Hotes
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Fig. (4.17): The Developed PMMS Graphical User Interface.

The PMMS interface inputs data from both GeoMedia and Micro PAVER. Its basic principle of
analysis is based on knowing the PCI value, area, functional classification and other information
for each section of Gaza pavement network. The condition class and treatment type required can
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then be determined. PMMS also alows unit cost of each treatment type to be entered and this
will be helpful in determining maintenance cost for each section as shown in Figure (4.18).

T il
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OEE BR2RIE B
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5 100.00 0.00
i i E — Treatment Cost 100,00 0.00
Maintenance Treatment 7 : . 100,00 .00
1% Routine maintenance & Rautine Maintenance m ] 100,00 0,00
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Thin Asphalt | f=teh]
@ Thin Asphalt overlsy (A01) 10 ] i 100,00 0.00 i
%34 Thick Asphalt overlay (A0Z) 11 Thin Asphalt Overlay (4071] ¥ 67.00 41370,00
@5 Reconstruction 12 g8.11 158700.00
2 Thick Asphalt Overlayi02] [14 $ o e
Maintenance Cost is 100.00 o0o
@ Uit Cosk 16 Reconstiuction |-25 % 100.00 0.00
24 Cost by Section 17 100.00 0.00
15 100,00 0,00
@ overal 19 100,00 0,00
20 Ok | Cancel 100.00 0.00 =
Prediction and Priorities - L1l P —reme Ao
1 Prediction Mote L
@ Priarities
M 4 » M General Hotes

Fig. (4.18): PMMS Unit Cogt Entry.

Figure (4.19) shows an example of reports that the PMMS can perform. This report illustrates the
treatment cost by section.
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Fig. (4.19): Treatment Cost Report in PMMS Graphical User Interface.

445 GazaPMMS Architecture

Gaza PMMS constitutes a computer environment in which Micro PAVER, GeoMedia

Professional and Visual C++ has been integrated for supporting:
Yy Maintenance works performing.

Yy Management of maintenance operations.

Each one of Gaza PMMS software components provides functiondities for supporting the

concrete tasks of the PMMS process. The overall system architecture is presented in Figure

(4.20).
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Fig. (4.20): Gaza PMMS Architecture.

4.5 Gaza PMM S Outputs
Gaza PMMS provides variable outputs that can help in reducing the time alocated to the
maintenance activity and facilitating the decision making process. The following are examples of

these outputs:

1. Reports

Different types of reports can be provided including branch condition, section condition,
surface type, required treatment and maintenance budgeting reports. (See Appendix: Al —
A9)

2. Thematic Maps
Several thematic maps can aso be presented based on surface type, pavement condition (by
branch or section), functional classification, etc. (See Appendix: A10 — A14)
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3. Charts
Charts and figures can be obtained in different formats (Bar, Pie, XY charts, etc) and
illustrating condition analysis, predictions, pavement types and other needed relationships.

4. Queries
Various information about Gaza pavement network can be performed through the developed
Graphical User Interface, PAVER and GeoMedia packages.

5. Decisons
Gaza PMMS can assist in decision supporting process about the actions that should be taken
and related to the maintenance needs, required budgeting, section treatment priorities, etc.
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Chapter Five: Conclusions and Recommendations

5.1 Conclusions
At the end of this study, the following points can be concluded:

1. The current management for Gaza pavements is traditional and can not help in decision
making for enhancing the maintenance activities in the city to match the road user's
expectations. A strong need for comprehensive PMMS is required.

2. Adeguate database for Gaza pavement network has been created to alow data storing,
retrieving, displaying, updating and performing queries. It handles al the necessary
inventory data for Gaza city pavements.

3. Pavement Condition Index (PCl) has been selected as atool for Gaza pavements network
condition assessment.

4. This study shows that both Micro PAVER and GeoMedia Professional can be good tools

for enhancing the management process of Gaza Pavement Network.

5. This study shows that a PMMS which is based on the direct integration between Micro
PAVER and GeoMedia Professional can be used to facilitate the decision making process
for managing Gaza city pavements.

6. A smple Graphical Interface which contains user-friendly menus can be developed to

present PMMS results to justify the decisions made.

7. Maintenance Department staff in Gaza should be trained and educated to recognize the
right ways of performing the PMMS tasks. Equipment used also need to be updated.

74



Chapter Five: Conclusions and Recommendations

5.2 Recommendations

1. A PMMS should be initiated to serve and protect Gaza pavements and this will
encourage other cities in Gaza Strip to establish their own PMMS for enhancing the
management process and to maximize the benefits to the society through a centralized
PMMS.

2. Future developments should be made to ensure full integration between the Micro
PAVER and the GeoMedia.

3. Future developments to include all elements of highway maintenance management

system are to be considered.

4. There is a great need of long-term commitment of officials, pavement managers, public
and road users towards the conservation and protection of pavement assets.
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Appendix

1. Surface Type of Gaza Pavement Networ k Reports

Printed Date: 0E/01/2004
Report Description:
Surface type: Closod

Last modified: 29122003

Khalil Al-Wazeer Str.

Strest Name Straet Number Sagment 1D From To Ares PCI
Khalil Al-Wazeer Str. Goo aLfaE00 530 951 7,0E8.00 100
Khalil Al-Wazeer Str. BOO SRG00 H30 051 068,00 100
Khalil Al-Wazeer Str. NN 41500 350 a3 /,232.00 100
Khalil Al-Wazeer Str. 500 4F/e00 350 530 G,232.00 100
Street No. 8

Street Name Street Number Segment D From To Area PCI
Street Mo. 8 8OO 1L/300 100 120 1,001.00 100
Street No. 8 aon 1R/E00 100 120 1,001.00 100




Appendix

Printed Date: 06/01/2004 Last modified: 28/M12/2003
Report Description:

Surface type: Unpaved

Al Agssa Str.

Street Name E‘Ireet Number egment ID From To Area PCI
Al Agssa Str. 300 2L7300 420 460 2.800.00 100
Al Agssa Str. 300 1L/300 240 420 4,.410.00 100
Al Agssa Str. 300 3L/300 480 800 4,830.00 100

Al Quds Str.

Al Quds Str. 160 31160 460 800 6,510.00 100

Bostan Str.

Bostan Str. 20,285 1/20285 870 10147 3,500.00 100
Bostan Str. 20,285 2i20285 10147 600 4.340.00 100

Cairo Str.

Cairo Str. 480 21480 180 340 2.940.00 100
Cairo Str. 480 31460 340 300 2,940.00 100

Ezeddin Al Kassam Str.

Ezeddin Al Kassam Str. 170 5170 450 590 4,690.00 100

Khalil Al-Wazeer Str.

Khalil Al-Wazeer Str. 600 10/600 20635 900 4,560.00 100
Khalil Al-Wazeer Str. 600 91600 20285 20635  5776.00 100

Ommar Bin Al Khatab Str.
5“&&'[ Name Streat Number egment ID From To Area PCI

Ommar Bin Al Khatab S%6580 1R/B30 100 190 8,140.00 100
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Port Saed Str.

Street Name Street Number Segment ID From To Area PCI
Port Saed Str. 530 4/530 510 600 1,680.00 100

Street No. 8

Street Name Street Number Segment ID From To Area PCI
Street No. 8 800 8R/800 580 700 3,360.00 100
Street No. 8 800 TR/B00 784 560 3.948.00 100
Street No. 8 800 BR/B00 718 764 3,850.00 100
Street No. & 800 3R/E00 180 340 3,598.00 100
Street No. 8 800 2R/800 120 160 2,275.00 100

A 3



2. Condition by section of Gaza Pavement Networ k Reports

Printed Date: 06/01/2004 Last modified: 29/12/2003
Report Description:
Condition: Very Good

Al Agssa Str.

Al Agssa Str. 300 2R/300 420 460 2.800.00 74
Al Quds Str.

Al Quds Str. 180 2180 420 460 294000 75
Buirut Str.

Buirut Str. 420 37420 340 300 343000 75
Cairo Str.

Street Name Street Number Segment ID From To Area Condition
Cairo Str. 460 1/460 100 160 273000 T4

Jammal Abdel-Nasser Str.

Jammal Abdel-Nasser S240 3L/240 340 300 441000 84
Street No. 8

Street Name Street Number Segment ID From To Area Condition
Street No. 8 800 4L/800 340 300 3,846.00 78

Street No. 8 800 4R/800 340 300 3,846.00 78

Street No. 8 800 2L/800 120 160 227500 75
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Printed Date: 06/01/2004 Last modified: 29M2/2003
Report Description:

Condition: Good
Al Agssa Str.
Street Name Street Number Segment |D From To Area Condition
Al Agssa Str. 300 3R/300 480 800 4 830.00 65
Al Agssa Str. 300 1R300 240 420 4,410.00 69
Al Quds Str.
Street Name Street Number Segment |D From To Area Condition
Al Quds Str. 180 11180 240 420 3,990.00 59

Al Rasheed Str.

Street Name Street Number Segment |D From To Area Condition
Al Rasheed Str. 100 8100 480 800 9.850.00 65
Buirut Str.

Street Name Street Number Segment |D From To Area Condition
Buirut Str. 420 11420 100 160 2.800.00 67

Jammal Abdel-Nasser Str.

Street Name Street Number Segment |D From To Area Condition
Jammal Abdel-Nasser S240 4R/240 300 380 4,760.00 67
Jammal Abdel-Nasser S240 3R240 340 300 4.410.00 TO

Jammet Al - Doual Al-Arabia
Street Name Street Number Segment ID From To Area Condition

Jammet Al - Doual Al-Ar340 4/340 866 800 5850.00 5%

Mostafa Hafiz Str.

Street Name Street Number Segment ID From To Area Condition
Mostafa Hafiz Str. 380 1/380 200 240 3.780.00 59
Street No. 8

Street Name Street Number Segment ID From To Area Condition
Street No. 8 800 3L/800 180 340 3,598.00 59




Printed Date: 0&/01/2004 Last modified: 29/M12/2003
Report Description:

Condition: Fair
Buirut Str.
Buirut Str. 420 21420 160 340 2,840.00 52

Jammet Al - Doual Al-Arabia

Jammet Al - Doual Al-Ara340 3/340 420 866 541000 55
Jammet Al - Doual Al-Ara340 2/340 280 420 1,190.00 55

Mostafa Hafiz Str.

Mostafa Hafiz Str. 360 21360 240 420  6,090.00 51

Printed Date: 06/01/2004 Last modified: 29/12/2003

Report Description:
Condition:Poor

Al Rasheed Str.

Al Rasheed Str. 100 71100 420 460 430000 28

Jammet Al - Doual Al-Arabia

Jammet Al - Doual Al-Ar340 1/340 240 280 3,900.00 37

Printed Date: 06/01/2004 Last modified: 25/M12/2003

Report Description:
Condition: Very Poor

Jammal Abdel-Nasser Str.
Street Name Street_ Number Segment ID From To Area Condition

Jammal Abdel-Nasser Str. 240 2240 180 340 3,500.00 14
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3. Maintenance Treatment of Gaza Pavement Networ k Reports

Printed Date: 06/01/2004 Last modified: 28/12/2003
Report Description:
Maintenance Treatment: Thin Asphalt Overlay (A01)

Al Agssa Str.

Street Name Street Number egment ID From To Area PCI
Al Agssa Str. 300 3RS300 480 800 4,830.00 B6
Al Agssa Str. 300 1R300 240 420 4.410.00 B9

Al Quds Str.

Street Name Street Number SegmentID From To Area PCI
Al Quds Str. 180 1180 240 420 3,990.00 59

Al Rasheed Str.

Street Name Street Number egment ID From To Area PCI
Al Rasheed Str. 100 8100 480 800 9.850.00 B5

Buirut Str.

Street Name Street Number egment ID From To Area PCI
Buirut Str. 420 17420 100 160 2,800.00 B7

Jammal Abdel-Nasser Str.

Street Name Street Number egment ID From To Area PCI
Jammal Abdel-Nasser S240 4R/240 300 380 4,7680.00 &7
Jammal Abdel-Nasser S240 JR/240 340 300 441000 7O

Jammet Al - Doual Al-Arabia
Street Name 5‘“&&1 Number egment ID From To Area PCI

Jammet Al - Doual Al-Ar340 4/340 866 800 585000 58

Mostafa Hafiz Str.

Street Name Street Number egment ID From To Area PCI
Mostafa Hafiz Str. 380 17380 200 240 3.780.00 59

Street No. 8

Street Name Street Number egment ID From To Area PCI
Street No. 8 2800 3L/800 180 340 3,598.00 59




Printed Date: 06/01/2004 Last modified: 25M12/2003

Report Description:
Maintenance Treatment:Thick Asphalt Overlay (A02)

Al Rasheed Str.

Street Name Street Number SegmentID From To Area PCI
Al Rasheed Str. 100 700 420 460 4,300.00 28
Buirut Str.

Buirut Str. 420 21420 160 340 2,940.00 52

Jammet Al - Doual Al-Arabia

Jammet Al - Doual Al-Ar340 3/340 420 866 5410.00 55
Jammet Al - Doual Al-Ar340 2/340 280 420 1,190.00 55
Jammet Al - Doual Al-Ar340 1/340 240 280 3,900.00 37

Mostafa Hafiz Str.

Mostafa Hafiz Str. 360 21360 240 420 6,090.00 51

Printed Date: 0&/01/2004 Last modified: 28M12/2003
Report Description:
Maintenance Treatment: Reconstruction

Jammal Abdel-Nasser Str.
Street Name Street Number egment ID From To Area PCI

Jammal Abdel-Nasser S240 21240 160 340 3,500,000 14
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4. Treatment cost of Gaza Pavement Network Reports

Printed Date: 06/01/2004 Last modified: 29M12/2003
Report Description:
Treatment cost by section

Abu Bakr Str.

Street Name Street No. egment |D From To Area PCI Cost
Abu Bakr Str. 20,661 1/20861 700 900 9.800.00 100.00 0

Al Agssa Str.

Street Name Street No. egment |D From To Area PCI Cost
Al Agssa Str. 300 3R/300 460 a00 4 83000 86.00 48300
Al Agssa Str. 300 2R{300 420 480 2,800.00 7400 1400
Al Agssa Str. 300 1R300 240 420 4.410.00 89.00 44100

Al Basateen Str.

Street Name Street No. egment |D From To Area PCI Cost
Al Basateen Str. 422 1R/422 560 940 2,310.00 100.00 0
Al Basateen Str. 422 1L/422 5680 940 231000  100.00 0

Al Jalaa Str.

Street_Name Street No. egment |0 From To Area PCI Cost
Al Jalaa Str. 500 4RS00 G600 490 3,360.00 100.00 0
Al Jalaa Str. 500 BR/S00 G690 830 5.100.00 100.00 0
Al Jalaa Str. 500 2R/500 230 B11 3,710.00 100.00 0
Al Jalaa Str. 500 1L/500 200 230 2,700.00 100.00 0
Al Jalaa Str. 500 BL/S00D G690 830 5,100.00 100.00 0
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