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Abstract 
 

 

 

Gaza is facing an unprecedented increasing the numbers of buildings, concrete ceilings, 

paving main roads and many other vital projects. This increases the runoff of rain water 

and possibility of infiltration/drain to the aquifer. 
 

This study aims to determine the impact of the shape, pattern and joints of concrete 

block pavement (Interlock) in places which have low loads such as squares, car parking, 

stadiums,…. etc. to infiltrate the water through joints. 
 

In this study, several experiments were conducted to measure the impact of the joints, 

shape, and the pattern of pavement on the water permeability in concrete block  

pavement through several models on pavement which has an area of 1m
2
 in order to 

find the pavement permeability percentage and to reach the highest permeability 

percentage possible without runoff of water on the surface. 
 

This study contains five models for different block type, joints between block and 

different pattern pavements, with three different base course under pavements and  five 

scenarios of gradually intensity of rainfall (15, 30, 45, 60, 120 mm/h) over a period of 

60 min. 
 

The results showed that the water permeability of  rectangular block pavement 10 x 20 

cm have the best permeability percentage, where it was noted that the water 

permeability percentage in the intensity of rainfall at 15 mm/h amounted to about 76% 

without any surface runoff, while at the intensity of rainfall 120 mm/h water 

permeability percentage did not exceed 32.5 % with high surface runoff in the existence 

of sand layer under the tiles. 
 

When replacing the sand layer with a coarse aggregate layer, the permeability 

percentage reached 89.6% in the low intensity of rainfall and 75% in the largest 

intensity of rainfall and less of surface water runoff was observed. 

The results showed that the use of coarse aggregate "Adasia" (0/12.5) mm gives slightly 

higher permeability percentage than the use of aggregate "Simsimia" (0/9.50) in the 

bottom of the tile layers, and without using sand in the bottom layer gives very high 

permeability percentage. 
 

When changing patterns of tiles, the results didn't show significant effect on 

permeability percentage through the intensity of water mentioned above. 

As for the increase of joints between interlock tiles, no large effect has been noticed in 

the percentage of water permeability during low intensity of water, while little increase 

was observed in the water permeability during the high water intensity. 
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 ملخص البحث
 

 

 

ىخشساّٞح ذ٘اجٔ ٍذْٝح غضج ّٖضحً عَشاّٞح غٞش ٍسث٘قح ٍِ حٞث اىضٝادج فٜ أعذاد اىَثاّٜ ٗالأسقف ا

الأٍطاس ، ٍَا ٝضٝذ اىجشٝاُ اىسطحٜ ىَٞآ ٍِ اىَشاسٝع اىحٞ٘ٝح فٜ اىَذْٝح ٗاىعذٝذ ٗذعثٞذ اىطشق اىشئٞسٞح

 ّفارٝرٖا ىيخضاُ اىج٘فٜ.ٗٝقيو ٍِ إٍناّٞح ٗص٘ىٖا ٗ
 

خشساّٞح اىشصفح اى ٕزٓ اىذساسح ذٖذف اىٚ ٍعشفح ذأثٞش مو ٍِ شنو اىحجش َّٗظ اىشصٞف ٗاىف٘اصو فٜ

ّرشى٘ك( فٜ الأٍامِ راخ الاحَاه اىَْخفضح ماىساحاخ اىعاٍح ٗمشاجاخ اىسٞاساخ لإَرذاخيح )ااى

 .ٍِ خلاه اىف٘اصو اىَر٘اجذج تِٞ اىثلاط ىرنُ٘ ٍْفزج ىيَٞآٗاىَلاعة....اىخ، 

فٜ ٕزٓ اىذساسح ذٌ اجشاء اىعذٝذ ٍِ اىرجاسب اىعَيٞح ىيرعشف عيٚ ٍذٙ ذأثٞش مو ٍِ اىف٘اصو ٗشنو 

( ٗرىل ٍِ خلاه عَو ّرشى٘كلإااىحجش َّٗظ اىشصفح عيٚ ّفارٝح اىَٞآ فٜ اىشصفح اىخشساّٞح اىَرذاخيح )

1ًٞآ الأٍطاس عيٚ سصفح خشساّح ٍرذاخيح ٍساحرٖا ٍحامآ ىسق٘ط ٍ
2

تغشض اٝجاد ٍذٙ ّفارٝح اىشصفح  

 عيٚ ّفارٝح ٍَنْٔ تذُٗ جشٝاُ سطحٜ ىيَٞآ.أىيَٞآ، ٗاى٘ص٘ه اىٚ 
 

ٍخريفح ٍِ حٞث ّ٘ع اىثلاط اىَسرخذً ٗاىَسافاخ اىفاصيح َّٗظ  سْٞاسٕٝ٘اخ 5ىقذ احر٘خ اىذساسح عيٚ 

سج، ٗذٌ عَو ٍحامآ ىشذج ٍٞآ اسرخذاً ثلاثح اّ٘اع ٍِ طثقاخ اىشصف اىَخريفح اىرذ، تالإضافح اىٚ اىثلاط

ىنو سصفح ٌٍْٖ، ٗرىل عيٚ ٍذاس ( ٍيٌ/ساعح 120، 60، 45، 30، 15ٍطاس اىَرساقطح تشنو ٍرذسج )الأ

 ٍرراىٞح.دقٞقح  60

حٞث ى٘حع اُ  ،ٜ الأعيٚسٌ ٕ x 20 10 َسرطٞوثلاط اىاىُ ّفارٝح اىَٞآ ىشصفح ٗترسجٞو اىْرائج ذثِٞ أ

% تذُٗ أٛ جشٝاُ سطحٜ ىيَٞآ، تَْٞا 76 تيغد ح٘اىٜ ٍيٌ/ساعح 15ّفارٝح اىَٞآ فٜ شذج ذساقظ الأٍطاس 

ٗج٘د عْذ ٍع جشٝاُ سطحٜ ىيَٞآ  %32.5ّسثح اىْفارٝح ىٌ ذرجاٗص فإُ  ٍيٌ/ساعح 120عْذ شذج ٍٞآ 

% فٜ شذج ٍٞآ 89.6، ٗتاسرثذاه طثقح اىشٍو تطثقح حص٘ٝاخ تيغد اىْفارٝح ٞح أسفو اىثلاططثقح سٍي

 ٗى٘حع جشٝاُ سطحٜ اقو. اىنثشَٙٞآ اى% فٜ شذٓ 75َْخفضح ٗ اى
 

ٍِ  عيٚ تقيٞوأٝعطٚ ّسثح ّفارٝح )عذسٞح(  0/12.5راخ ذذسج  ُ اسرخذاً حص٘ٝاخأمَا ٗأظٖشخ اىْرائج 

سفو اىثلاط، ٗعذً اسرخذاً طثقح اىشٍو اسفو اىحص٘ٝاخ أ )سَسَٞح( 0/9.5 ذذسجراخ  حص٘ٝاخاسرخذاً 

ّٔ لا ذأثٞش ٍحس٘ط عيٚ ّفارٝح شخ اىْرائج عْذ ذغٞش َّظ اىشصٞف إٗأظٖ، جذا ً  عاىٞح ّفارٝحّسثح ٝعطٚ 

 اىَٞآ خلاه شذج اىَٞآ اىَزم٘سج.
  

ّفارٝح اىَٞآ أثْاء ّسثح فإّٔ ىٌ ٝلاحع ٗج٘د ذأثٞش مثٞش عيٚ تخص٘ص صٝادج اىَسافاخ اىفاصيح تِٞ اىثلاط ٗ

اىَْخفضح، تَْٞا ى٘حع ٗج٘د صٝادج تسٞطح عيٚ ّسثح ّفارٝح اىَٞآ أثْاء شذج اىَٞآ الأٍطاس  ٍٞآشذج 

 .اىنثٞشج
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 1.1 Background  
 

Increasing of urban development in our present time replaced many of the wide open 

spaces and agricultural lands as permeable surfaces (pervious surfaces), with 

impermeable surfaces, such as roadways, parking and buildings. The management of 

storm water runoff at these places and its impact has become a major issue for all levels 

of government, where storm water gathered especially in low areas that are without 

drainage system causing a problem in roads, stop traffic and sometimes lead to destroy 

the infrastructure sectors. 
 

On the other hand, the shortage of water in the aquifer should be taken in consideration, 

then the water must be collected and re-injected to underground or reused for 

agricultural sector. Therefore, using porous or  permeable pavement are recommended 

to give appropriate solutions are alternatives to these issues. 
 

A porous pavement is a distinct pavement type that permits fluids either from 

precipitation or elsewhere, to pass freely through the structure reducing or controlling 

the amount of water  surrounding area. By allowing precipitation to flow through the 

structure, this pavement type can be applied as a storm water management practice 

(Schaus, 2007). 
 

Permeable pavement allows storm water to quickly infiltrate the surface layer to enter a 

high-void aggregate base layer. The captured runoff is stored in this reservoir until it 

either percolates into the underlying sub-grade, or is routed through a perforated under 

drain system to a conventional storm water conveyance. Appropriately designed 

interlocking permeable pavement may reduce the amount of pollutants reaching 

receiving waters (James and Langsdorff, 2003). 
 
 

The practical matter of this case presented by using of Permeable Concrete Block 

Pavement (PCBP), and to study the effect of joints, filling materials, block shape and 

pavement pattern at permeability of water. The shape of fixed interlock together with a 

lot of joints between the block to permit the water and passing quickly into the 

underlying layers, the joints around the block can be filled with fine aggregate. 
 

A permeable interlock pavements can be used in the building of roads, parking lots, 

residential streets, sidewalks, and pedestrian plazas. 
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1.2 Storm water management 
 

The traditional approach to storm water management is based on the development of 

urban drainage networks to convey storm water away from developed areas as quickly 

as possible to receiving waters safely. With the increase in impermeable surfaces in 

urban areas, the runoff generated by storm water significantly increases, overloading 

existing storm water infrastructure. Earlier the emphasis was to remove the water as 

quickly as possible with little regard to how it was done or evaluating the adverse 

impact of receiving water. 
 

 

Studies conducted overseas have proved that a properly designed pervious pavement 

system will function in an urban environment effectively to manage storm water 

hydraulically and to improve water quality (Zhang, 2006). 

 

1.3 Pervious pavements  
 

      Pervious pavements are one of the storm water management techniques developed 

in the past 20 years to harness the improve water quality and reuse the water for 

productive purposes. A pervious pavement is a load bearing pavement structure that is 

permeable to water overlying a reservoir storage layer. The pervious pavements can be 

applied to low traffic areas such as driveways, footpaths and car parks.  

 

      The designed philosophy of pervious pavements is quite different to the traditional 

urban drainage design. In a traditional car park, engineers will design an impervious 

surface to protect the base material contacting with the water. While for pervious 

pavements, the aim of construction is to allow the water to infiltrate through the 

pavement surface into a temporary storage layer or percolate the storm water gradually 

recharging the ground water aquifer. The pavement surface will trap pollutants while 

infiltrating through the surface. 
 

     Pervious pavements can be defined as porous pavements or permeable pavements 

based on the surface type. Porous pavements are normally constructed with pervious 

paver materials where water can infiltrate through the entire surface area. However, for 

permeable pavements, the paver material is made out of impervious blocks while the 

spaces between the paver blocks are filled with coarse grained materials which allow 

water to pass through (Zhang, 2006). Figure (1.1) shows the concrete block pavements 

an example of permeable pavements.  
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a. Large elemental surfacing blocks                    b. Small elemental surfacing blocks 
 

Figure (1.1): Examples of permeable pavements (Zhang, 2006) 

1.4 Statement of the problem 
 

Water in Gaza strip like many arid and semiarid areas is becoming an increasingly 

scarce and planners are forced to consider any sources of water which might be used 

economically and effectively to promote future development (Khalaf, 2005).   

With increased population and climate change water shortage problems are troubling 

mankind all over the world. How to harvest the water during rainfall events for use at 

times of need is of major interest subject to civil engineers, environmentalists and to the 

community. On the other hand, with urbanization, more impervious road and roof 

surfaces appear resulting in increased runoff from rainfall. This fact led to search about 

the useful solution of this problem and to improve of the quality and the quantity of 

groundwater, and to be more focus to find the tools for treatment of storm water and 

recharge it to the groundwater (Khalaf, 2005). Figure (1.2) shows the bad storm water 

situation in Gaza strip. 

 

 
 

Figure (1.2): The bad storm water situation in the Gaza strip 
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1.5  Research Importance 
 

 Finding useful methods to reduce the amount of water accumulated at 

roads, that causing damage and contamination of the environment. 

 Preservation of the natural water and natural resources. 

 Suggesting useful way to collect water and recharging in ground water. 

 

 

1.6   Research goal and objectives 
 

1.6.1   Goal 
 

 The goal of this research is to investigate the possibility of using 

permeable concrete block pavement (interlock pavement) to drainage the 

water through the joints between block pavement, under the local 

conditions in the Gaza Strip. 

1.6.2   Objectives 
 

 Achieve the maximum permeability of water through the joints between 

block pavement with maintaining the stability of the pavement.  

 Find out the effect of different shapes, pattern and joints at the 

permeability. 
 

This study aims to provide guidance for engineers, contractors, and government 

agencies in dealing with permeable pavement as a storm water management technique 

in Gaza strip. 
 

1.7  Research methodology 
 

 

To  achieve study goals, the following steps were carried out: 
 

 

a. Literature review of previous studies and data collection about the average 

rainfall intensity in Gaza Strip. 
 

b. Deep study of concrete block types and shapes that available in Gaza and 

knowledge of its dimensions and characteristics, then study the properties of 

filling materials between joints as a fine aggregate. 
 

 

c. Study the effect of joints, block shape and pavement pattern to achieve 

maximum permeability of water. 
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d. After carrying out the above studies and deciding which approach is suitable for 

permeability to make a prototype test, the material needed for the study was 

collected such as interlock shape and  filling or beading materials, data includes 

information needed for modeling must be used to develop a rainfall simulator 

with certain or different intensity, then several scenarios were developed to 

evaluate infiltration capacity with different impact factors (time, intensity of 

rainfall water, base course and joints). 
  

e. Discussion of testing results. 
 

f. Drawing conclusion and recommendations. 

 

 

                   Figure (1.3): Flow chart of the research methodology    
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1.8  Thesis outline 
       
The undertaken research consists of five chapters that cover the subject as follows: 

 

Chapter One (Introduction): this chapter consists of a general introduction with an 

overview of the storm water infiltration, definition and the types of permeable  

pavements. The advantages of using permeable pavements such as reducing storm water 

peak flow rates, problem identification, objectives and methodology of the research also 

described.  

 

Chapter Two (Literature Review): this chapter begins with a brief literature review of 

details the work carried out by other researchers on monitoring peak discharges and 

improvements observed to storm water quality when using permeable pavements. also 

reports different types of pavement structures. 

 

Chapter Three (Experimental Program): this chapter describes the experimental 

program in laboratory, and testing method. The infiltration tests carried out on the 

laboratory pavement and the results of these tests were presented in this chapter, and the 

scenarios that have been used on study.  

 

Chapter Four (Results and Discussions): this chapter includes a summary of the 

experimental results and discussion. 

 

Chapter Five (Conclusions and Recommendations): this chapter ends up with 

conclusion and recommendations. 
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2.1 Introduction 
 

This chapter provides an overview of the different types of permeable pavements, the 

configuration of the permeable pavement structure, infiltration rates of water between 

joints of interlock tiles and base course under interlock tiles. The preparation of the 

layer under permeable pavement includes material selection for the bedding and base 

course. The major characteristic of permeable pavements were reviewed and 

investigated the traditional concrete block types, some studies were conducted in this 

concern and the outcome of these studies was reviewed. 
 

 

2.2 Concrete block pavement 

Pavements have been surfaced with stone blocks since ancient times and even up to the 

end of the 19th century surfaces of dressed stone or hardwood blocks were common. 

Developments in concrete technology and improved plant for block manufacture led to 

acceptance of small concrete blocks for pavement surfaces in Western Europe about 60 

years ago (CCA, 1988). 
 

Benefits of using concrete pavement shows its effect on quality and economy of modern 

technology, which has now spread throughout the world. There are a wide range of 

applications including malls, public forecourts, motorway on/off ramps, suburban 

streets, driveways, footpaths, residential patios, car parking areas, airports and container 

parks (CCANZ, 2013). 

 

2.2.1 Applications of concrete block pavement 

Concrete pavers are a versatile paving material, which due to the availability of many 

shapes, sizes and colors, have endless streetscape design possibilities. The use of 

concrete block paving can be divided in to the following categories: 

 

 Roads: 
  

Main roads, residential roads, urban renewal, intersections, toll plazas, pedestrian 

crossings, taxi ranks, steep slopes, pavements (sidewalks). 

 

 Commercial projects: 
 

Car parks, shopping centers and malls, parks and recreation centers, golf courses and 

country clubs, zoos, office parks, service stations, bus termini. 
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 Industrial areas: 
 

Factories and warehouses, container depots, military applications, mines, wastewater 

reduction works. 

 

 Domestic paving 
 

Pool surrounds, driveways, patios, townhouses and cluster homes, specialized 

applications, cladding vertical surfaces, storm water channels, embankment protection 

under freeways, roof decks (CMA, 2004). 

 

2.2.2 Advantages of concrete block pavements  

Two of the major advantages of concrete block pavements are their aesthetic appeal and 

their high strength. In addition the riding surface of good quality concrete offers high 

durability, skid resistance, abrasion and scuffing resistance. 

Block pavements may be opened to traffic immediately on completion of construction, 

the surface is not as smooth as asphalt or cast in situ concrete so interlocking pavements 

are generally recommended for where traffic speeds are less than 50 - 60 km/h. Because 

of its segmental nature, interlocking blocks can be recycled. Once the pavement has 

been broken, paving blocks can be lifted and recovered for re-use and only a small stock 

of replacement blocks needs to be maintained. This facilitates access to underground 

services and permits the subsequent restoration of the pavement with little material cost 

and no discontinuity of the surface. Pavement shape correction if required can also be 

accomplished at low material cost (CCA, 1988). 

 

2.2.3 Structure of concrete block pavements 

Interlocking concrete block pavements usually consist of three layers: surface, base-

course and subgrade. On low strength soils a further layer, ie: a sub base or working 

platform, may be included. The layers are described as follows and are shown in    

Figure (2.1). 
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Figure (2.1): Interlocking concrete block pavements structure  

(CCA, 1988) 
  

 Surface 
 

The surface layer comprises the concrete interlocking paving blocks, a sand bedding 

course and edge restraints, Gaps, usually referred to as "joints", between paving blocks 

are completely filled with a fine joint-filling sand. 
 

 Base-course 
 

The base course consists of one or more layers of either high quality unbound or lime 

and/or cement modified crushed and graded aggregate or natural gravel, or a cement 

bound crushed rock or gravel. 
 

 Sub-base/working platform 
 

With law strength subgrade soils, a sub base or stabilized subgrade or other material 

may reduce costs by substituting for part of  the base course thickness and/or may be 

required to provide a stable platform on which to construct the base course. 
 

 Subgrade 
 

The subgrade is the prepared in situ soil or fill on which the pavement is constructed  

(CCA, 1988) 
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2.2.4 Shapes and colors of concrete block pavements 

Concrete block pavements are produced in a variety of shapes, typical paving block 

shapes available in the Gaza strip are shown in Figure (2.2). 

 

 

Figure (2.2): Available Block shapes in the Gaza strip 

 (Mushtaha & Hassouna Co., 2013) 
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Figure (2.2): Available Block shapes in the Gaza strip  

(Mushtaha & Hassouna Co., 2013) 
 

2.2.5 Characteristics of concrete block pavements in Gaza 
 

Palestine Standards Institution (PSI) shows the characteristics and specifications as: 
 

 

 The compressive strength of concrete block has been stated to range between 45 

and 50 MPa. 

 The value of the Abrasion value rate should be no more than 5-6 mm. 

 The Maximum absorption when placed in water for 10 minutes no more than 2% 

and when placed in water for 24 hour no more than 5%. 
 

2.2.6 Joint filling of concrete block pavements 
 

The small gaps or joints between paving units are filled with a joint filling sand. The 

joints are typically 2-4 mm wide and require a relatively fine sand, having a different 

grading to that required for bedding sand (CCA, 1988). 
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2.3   Porous pavements 
 

In the late 1960’s, research into a new type of pavement structure was commencing at 

The Franklin Institute Research Laboratories (FIRL) in the United States. With the 

support of the United States Environmental Protection Agency (EPA), a porous 

pavement program was developed. This new pavement structure was initially installed 

in parking lots (Schaus, 2007). 

Porous pavements have been installed since the early 1980’s throughout the United 

States, installed over on parking lots, pathways, and trails for universities, libraries, 

religious centers, prisons, industrial parks, commercial plazas, and municipal buildings 

(Adams, 2006). 
 

A porous pavement is a distinct pavement type that permits fluids either from 

precipitation or elsewhere, to pass freely through the structure reducing or controlling 

the amount of run off from the surrounding area. By allowing precipitation and run off 

to flow through the structure, this pavement type can be applied as a storm water 

management practice, these particular types of pavements may also result in a reduction 

in the amount of pollutants entering the ground water by filtering the run off, they are 

generally designed for parking areas or roads with lighter traffic (EPA, 1999). 

 

The original proposed structure of a porous pavement consisted of an open graded 

surface course placed over a filter course and an open graded base course (or reservoir) 

all constructed on a permeable subgrade. Storm water infiltrations using pervious 

pavements have been investigated by researchers as a method of managing storm water 

(Schaus, 2007). 
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2.4   Permeable interlock concrete: structure and properties 

Permeable interlocking concrete pavers offer an additional type of paving material to be 

installed as a best management practice for storm water management. The permeable 

pavers consist of infiltration trenches with a paving material over top to support vehicle 

and pedestrian loads (Burak, 2004). 
 

For the general paver design, the interlocking geometry provides regular void spacing 

throughout the system. The voids are typically filled with sand allowing for appropriate 

drainage while maintaining a suitable surface. The infiltrated precipitation is collected 

within a drainage layer and transported to a storm water collection system or reservoir 

designed to infiltrate precipitation into the subgrade below. Typical application sites 

include low traffic roadways, mainly local streets and parking facilities (Schaus, 2007). 

A pervious pavement structure includes a surface layer, a base and a sub base to allow 

stormwater to percolate into the sub grade or to divert into stormwater drainage while 

retaining pollutants on the paver surface. Depending on the purpose of the pervious 

pavement and the sub grade soil conditions, a geotextile will be placed between the sub 

base layer and the sub grade soil to avoid pollutants percolating into the groundwater 

(Zhango, 2006), Figure (2.3) illustrates a typical permeable paver structure.  

      

Figure (2.3): The structure of a typical permeable pervious pavement (Zhango, 2006) 
 

 

Permeable surfaces are more suitable in car parks or driveways than the porous 

pavements. The voids between the paver materials are more widely open and can 

infiltrate higher rainfall intensity than porous pavements (Zhango, 2006). 
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On the other hand, permeable pavement surfaces are normally constructed by 

impervious paver concrete blocks with infiltration voids between the blocks. Infiltration 

capacities of permeable pavements are high due to the coarse aggregate between 

concrete blocks. 
 

2.4.1 Types of permeable concrete pavers 
 

The Interlocking Concrete Pavement Institute (ICPI) suggests four various types of 

permeable pavers. Interlocking shapes with openings are designed with specific patterns 

allowing fluid to drain through the openings. The specific shape of the units creates the 

drainage openings while maintaining high side-to-side contact between the units. 

Enlarged permeable joints are  

constructed with large joints allowing fluid to penetrate the system, these enlarged joints 

may be as wide as 35 mm. The pavers are placed directly beside one another, and fluid 

is able to penetrate directly through the concrete  (ICPI, 2006). Figure (2.4) illustrates 

the various types of permeable pavers. 

 

Figure (2.4): Types of Permeable Pavers (ICPI, 2006) 

A guide to permeable interlocking concrete pavements
 
show that permeable pavers 

allow water to infiltrate the surface by using shapes that create drainage openings along 

the joints or by the use of oversized spacers which widen the joints. It is possible to 

classify permeable pavers in terms of infiltration and to rank their suitability for traffic 

into the four groups shown in Table (2.1) (CMAA, 2010). 
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Table (2.1) : Classification of block pavements (CMAA, 2010) 

 

2.4.2 Patterns of interlock concrete 

Laying patterns of pavers are identified as being either herringbone, basket weave, or 

stretcher as shown below. Each of these may be laid at either 90
o
 or 45

o
 to the line of 

edge restraints. A variation of stretcher is the Zig zag running bond (CMA , 2004). 

Figure (2.5), shows the pavement pattern. 

 

Figure (2.5) : Pavement Patterns (CMA , 2004) 
 

 

2.4.3  Bedding course material characteristics 
 

The purpose of the reservoir course is to store the infiltrated water until the water can 

penetrate the underlying soil. This engineering layer in the pavement structure acts 

similarly as a retention basin (Thelen and Howe, 1978). 
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The reservoir course functions as a holding tank until the water can infiltrate into the 

underlying soil or sub drains. Similarly, The Franklin Institute recommended that the 

percentage of voids in the reservoir should be equal to or greater than 40% in order to 

collect the precipitation. High air voids are critical for the reservoir course. This 

engineered layer must provide sufficient storage capacity for the infiltrated fluids 

(Thelen and Howe, 1978). Table (2.2) and Figure (2.6) indicate the recommended 

gradations for the bedding course. 

 

Table (2.2): Recommended design gradation for bedding course 

 

 
 

 

 

 
 

Figure (2.6) Recommended gradation for bedding course 
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2.4.4 Filter course material characteristics 
 

The purpose of the filter in the structure is to provide a working/ construction platform 

for the surface course and provide limited filtering capabilities (Ferguson, 2005& 

NAPA, 2003). Table (2.3) provides recommended gradations for the filter course. 
 

Table (2.3): Recommended design gradation for filter course  
 

 
 

2.4.5 Drainage design for permeable pavement 

 

Drainage design is only one important part of the integrated pervious pavement system. 

According to different drainage designs underneath the pervious surface, pervious 

pavements can achieve two objectives when used as a storm water management method. 

Normally the designed flows will be estimated by the Rational Method, as show in eq. 

(2.1).  

          Q = C I A     ---------------------------------------- (2.1) 

Where, 

Q = Storm water quantity, (m
3
/h) 

C = Coefficient of Runoff, (dimensionless) 

 I = Rainfall intensity, (mm/h) 

A = Catchment Area, (m
2
) 

 

According to the local environmental and storm water resource requirements, different 

drainage pipe designs can be integrated into the pervious pavement systems at design. 

For example, if the local groundwater table is at a significant low depth, storm water is 

an ideal resource to recharge groundwater. Under this situation, the aim of the pervious 

pavement is to allow more water to percolate into the groundwater bringing it up ready 

for reuse. In this situation the drainage pipe is laid close to the bottom of bedding layer. 

Figure (2.7) is a schematic diagram of pervious pavement used to infiltrate storm water 

with the potential for reuse. The drainage pipes are laid at the bottom of the sub base 

layer Figure (2.8) if the aim of the pervious pavement is to attenuate the peak flow rate. 
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Figure(2.7) Pervious pavement used to infiltrate storm water 

 to the groundwater Infiltration 

 

 
Figure (2.8): Pervious pavement used for attenuation (NAPA, 2003) 

 

 

2.4.6  Limitations of using preamble pavements 

 

Davies et al., (2002), investigated the infiltration rate through a permeable concrete 

layer in the lab. They tested the infiltration rates in the surface with clean concrete 

blocks with different gradients. The above author found that the infiltration capacities to 

be high at gradients as high as 10 %. Subsequently they applied two types of silt on the 

pavement to observe the effects of surface clogging on infiltration. The volume of water 

infiltrated reduced by 44 %, 36 % and 26 % with both types of silt in 1 %, 5 % and 

10 % gradients respectively. The research found that mechanical cleaning of the 

surfaces could significantly improve infiltration. 
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2.4.7 Maintenance and cleaning of preamble pavements  
 

The primary goal of the maintenance activities for  preamble concrete is concerned with 

the prevention of clogging within the structure. 

Vacuuming of the structure annually (or as required) is recommended to ensure that 

void structure is clear of dirt and debris (Tennis, 2004). The Mississippi Concrete 

Industries Association (MCIA) indicates that pressure washing of pervious concrete can 

restore 80% - 90% of the permeability of the pervious concrete (MCIA, 2002). The ACI 

provides a suggested maintenance schedule for pervious concrete (ACI, 2006). Table 

(2.4) provides the recommended maintenance activities specifically for pervious 

concrete. 

Table (2.4): Recommended maintenance  

activities specifically for pervious concrete

 
 

Dierkes et al., (2002) claimed that maintenance is an important factor to maintain the 

infiltration capacity of permeable pavement. They carried out a field investigation to 

address the infiltration capacities of the permeable pavement before and after the 

cleaning. The research found that the infiltration capacity of the pavement increased 

from 1L/(s/ha) to 1500L/(s/ha). That means the fully clogged permeable pavement can 

be reactivated through a regular cleaning. 
 

Environment Protection Agency (EPA, 1999) recommended the following maintenance 

methods for pervious pavements: 

 

 Four times per year high suction vacuum sweeping and/or high pressure jet 

hosing to maintain porosity. 

 Repair potholes and cracks. 

 Replace clogged areas of the pervious pavement which could be observed  by 

water collected on the surface. 

 Rectification of any differences in pavement levels. 
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James et al. (2003), reported porous pavements can easily get compacted and clogged 

with sediments. As a result, the pavements have to be reconstructed once every 8 years. 

They also reported that porous pavements can easily be rutted by traffic and freeze 

easier than normal pavements. 

 

Cahill et al. (2003) listed some guidelines to construct pervious pavements: 

 Pervious pavements are not suitable for slopes larger than 5 %; 

 The bottom of sub-base should be 1.2 meters higher than the local seasonal; 

water table to avoid pollute groundwater; 

 Wash the selected aggregates to remove fines prior to the installation; 
 
 

 

2.5 Storm water data in Gaza 
 

The necessary information required by the research have been collected from the 

relevant institutions such as Palestinian water authority (PWA), municipalities, the 

Ministry of Local Government (MoLG), the Ministry of Agriculture (MoA), Coastal 

municipal water utility (CMWU) and local NGOs.  

The available storm water quantities that flow from the existing urban areas in Gaza 

were calculated to be 22 Mm
3
 every year. Since urbanization in the Gaza Strip is a 

continuous process, the flowing storm water quantities from the planned land use were 

estimated to be 37 Mm
3
 every year (Hamdan, and Nassar, A., 2007). 

 

The available groundwater system which is part of the coastal aquifer showed fast 

response to natural rainfall infiltration. However, in the dry season, the decrease in the 

water table was around 1.5 meters due to groundwater abstraction. This means that the 

supply to the aquifer is much less than the demand through abstraction. At the same 

times, there it gives us an indication that, artificial recharge of groundwater with storm 

water will have quick positive effect to balance the gap between aquifer supply and 

demand (Hamdan, and Nassar, A., 2007). 

  



www.manaraa.com

Chapter (2)                                                                                Literature Review 

-23- 
 

2.5.1 Rain Intensity  

Improvement of the reliability of Rain Intensity (RI) measurements as obtained by 

traditional tipping-bucket rain gauges Tipping Bucket Rain gauges (TBRs) and other 

types of gauges (optical, weighting, floating/siphoning, etc.) is therefore required for 

use in climatologic and hydrological studies and operationally e.g. in flood frequency 

analysis for engineering design. Standardization of high quality rainfall measurements is 

also required to provide a basis for the exchange and valuation of rainfall data sets 

among different countries, especially in case trans boundary problems such as severe 

weather/flood forecasting, river management and water quality control are operationally 

involved. Figure(2.9) shows the intensity duration frequency curve in Gaza city, where 

the intensity readings taken from curves of return period. 

 

 

Figure (2.9): Rainfall Intensity/Duration Meteorological Recording Station (Rabah , 2008) 

  



www.manaraa.com

Chapter (2)                                                                                Literature Review 

-24- 
 

2.6   Laboratory Studies related of permeable  pavement 

2.6.1  Studies related of pavement material selection 

The physical properties of the bedding material for permeable pavements have been 

studied by Shackel et al. (1996), the study was focused on the selection of bedding and 

jointing material. The material included different grading curves with 2 mm sands to 

10mm aggregates. A 1.5 m square steel box was set up in the laboratory to construct the 

eco-paver and bedding material inside. The study found that fewer fines in the bedding 

material resulted in a higher infiltration rate. A uniform 2~5 mm aggregate achieved an 

infiltration rate of 600L/ha/sec (218mm/hr), which was the highest infiltration rate 

obtained with different combinations of aggregates. The voids between pavers have to 

be filled to obtain a sufficient structural capacity of the pavement. The study 

recommended that in order to reach an optimal infiltration rate and maximum stress 

loading capacity, a maximum size between 4 and 5 mm uniform bedding and jointing 

material need to be selected. 
 
 

Shackel et al. (2003), constructed a permeable pavement lane with the interlock 

concrete block described the structure of the constructed permeable pavement as below:  

 Paver: interlock concrete block (80mm, thickness) 

 Bedding: 2~5 mm crushed aggregate (30mm, thickness) 

 Sub-base: 5~20 mm open graded aggregate (200mm, thickness) 

 

This permeable pavement was successfully constructed and operated. The long term 

infiltration and water quality data are still being collected for research. 
 
 

Tobermore (a pavement industry in UK) (2003), provided design guidelines based on 

different sub grade soil conditions and the objective of the constructed pavement. They 

also selected the ‘four layers’ (a paver surface, bedding, a sub-base and a geotextile) 

structure for their pavement products. They have successfully constructed permeable 

pavements in the UK, such as a car park at a call center in Armagh, UK and a car park 

at the Building Research Establishment, UK. According to different objectives of the 

pavement, they adjusted the thickness of the sub-base layer and placed an extra layer to 

achieve a higher load bearing capacity. The different structures used so far in practice 

are detailed in Table (2.5).  
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Table (2.5): Different structures of Tobermore pavers for  

        different construction purposes (Tobermore, 2003) 

 

Permapave, is a company manufacturing permeable pavements in Australia. They 

introduce the bedding structure for their product as: 

 Permapave Permeable pavers (surface cover) 

 Up to 100mm depth of fines free 5mm~20mm screen crushed rock. 
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2.6.2   Studies related of water infiltration rates in urban area  
 

The infiltration rates are dependent upon texture of the soil material, but more important 

is the structural condition of the soil material. Soil in an undisturbed forest condition 

will have a high infiltration rate, compared to the same soil in an agricultural field. The 

infiltration rate is reduced under the highly disturbed urban condition where structure 

may be nearly destroyed. Consequently, significant decline in infiltration rates is 

attributed to urban disturbances (khalaf, 2005). 

Storm water infiltration is one of the key attributes of a pervious pavement. The 

hydraulic performance of the pavement depends on the selection of the paver material 

and the sub-structure material. It is obvious that the infiltration capacity of pervious 

pavements is higher than conventional pavements. The infiltration capacity and total 

amount of water infiltrated are important parameters in pervious pavements. 

According to Sharma (1983), infiltration refers to the entrance of water into soil or 

porous material through the interstices or pores of a soil or other porous medium. 

Infiltration is the sole source of soil water to sustain the growth of vegetation and of the 

groundwater supply of wells, springs, and streams (Schwab, et.al., 1993). 
 

The capacity of any soil to absorb the rainwater falling continuously at an excessive rate 

goes on decreasing with time until a minimum rate of infiltration reached. The 

infiltration rate is a function of time, and has the dimensions of volume per unit of time 

per unit of area. These units reduce to depth per unit time; it is expressed in (mm/min) 

(Suresh, 1993). 
 

 

Smith (1984), carried out a field test in two similarly constructed car parks (with grass 

concrete and impermeable asphalt) to test the runoff quantity. They found that the 

runoff from the previous car park is as low as 35 % of the impermeable car park. It also 

concluded that the number of dry days between storms is an important factor which 

affects the performance of the pervious pavement. 
 

 

Pratt et al. (1989), indicated that the peak runoff rate from the previous pavement was 

30 % of the conventional pavement. The time to peak flow rate was 5 to 10 minutes 

compared to the 2 to 3 minutes from the conventional pavement resulting in significant 

benefit. 
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Bond et al. (1999) monitored the water quantity from a car park in Nottingham. A 

significant decrease in the quantity of water discharged to the drain was noted. Two 

types of sub base materials (blast furnace slag and granite) were investigated. The total 

discharge was reduced by 34 % and by 47 % respectively. This was due to the water 

storage (wetting and absorption) in the sub base of the constructed car park. The rate of 

outflow is slower, extending the period of discharge to days. 

Newton et al. (2003) investigated the surface runoff volume reduction through a porous 

pavement by constructing two sealed stainless steel boxes with 0.25 m
2
 surface area and 

0.15m deep. The research showed that the entire porous pavement can reduce surface 

runoff volume by 30 % to 60 %. The above researchers also reported that in a combined 

pervious and impervious pavement system, the reduction volume will depend on the 

ratio of impervious to pervious pavement area. 
 

Shackel et al. and Pearson (2004), indicated that infiltration capacity of porous 

pavements are not sufficiently high for rainfall conditions and can easily clog within a 

short period. 

 

According to above authors, permeable pavements are more suitable. As a result this 

research study focuses on permeable pavements. 
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2.7  Conclusion of previous studies 

 

After reviewing the previous studies related to porous/permeable/pervious pavements 

with respect to interlocking concrete pavers, all of these pavements are designed to 

allow free draining through the structure. The literature review also provided a summary 

of the history of traditional pavement designs and the specific design principles 

associated with porous pavement technology. Porous pavements are generally designed 

for parking areas or roads with lighter traffic.  

By permitting fluids to pass freely through the structure it can assist in reducing or 

controlling the amount of run off from the surrounding area, and therefore, it can be 

applied as a storm water management practice. 

One of the key components to the success of porous pavements is the permeability or 

infiltration capabilities of the structure. High porosity is required for the structure to 

remain functional. The permeable course must store a significantly higher amount of 

fluid within the structure, and therefore, the porosity of the reservoir course should be 

approximately 40% air voids. 
 

The current research was concentrated on the permeable surface. It is important to be 

able to determine the infiltration capacity of a permeable pavement to successfully 

design the infrastructure to reduce storm water effectively and efficiently in the urban 

environment. 
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3.1 Introduction 
 

The literature review in the preceding chapter clearly indicated that the use of 

permeable pavements to manage storm water is a concept feasible for lightly loaded 

pavement structures. It is clear that to achieve an efficient and durable solution, a 

careful design of pavement layers and choice of surface pavement product. The 

objective of the present study is to understand the infiltration through joints of interlock 

pavement surface only. 

As a result, it was decided to build a practical experiment pavement to monitor the 

infiltration rates through the pavement structure. The simulated rainfall events were 

modeled using the small pipe and nozzles on steel box. The water infiltrated through the 

pavement collected by funnel. 

All the testing is conducted using equipment and devices available in the laboratories of 

Association of Engineers - Gaza governorates to evaluate the properties of bedding 

material and base course material as sand and aggregates. The sieve analysis is carried 

out for each aggregate type to obtain the grading of aggregate sizes. 

Firstly, this chapter presents the laboratory studies carried out to determine the 

parameters necessary to build the pavement and to monitor the infiltration rate. 

Secondly, to describe how experimental work has been done and the possible scenarios 

to achieve study objectives. 
 

3.2  Experiment setup 
 

The design of experiment was constructed in a 1.0 x 1.0 m with 0.35 m depth from steel 

box, which was set up with hole on the bottom plate for water to pass through, as shown 

in Figure (3.1). A rainfall simulator with 25 Nozzles (sprays) and the distance between 

them is 20 cm installed at 80 cm from the surface of the pavement, as shown in Figure 

(3.2). Applied rainfall intensities were controlled by a flow meter. 

   

The water flowing through the pavement was collected from underneath the pavement 

via a funnel with hole on the middle, as shown in Figure (3.3). The diameter of the hole 

is 1" (25mm). In order to simulate field conditions, the pavement is constructed at a 

slope of 2%. 
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Figure (3.1): The experimental steel box of the permeable pavement 

 

 

 

 
Figure (3.2): The schematic setup of the nozzles 
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Figure (3.3): Infiltrated water collecting funnel with hole 

 

3.3  Pavement structure 
 

Figure (3.4) shows the cross section of pavement structure. The pavement was 

constructed in the experimental steel box. As mentioned a decision was taken to 

monitor the infiltration rate. In construction the pavement, structure was based on 

recommendations for bedding and  base course aggregate sizes and thicknesses. The 

interlock concrete blocks were used for the surface is (8 cm). The coarse aggregate for 

bedding layer in the range of (5 cm) and base course layer in the range of (15 cm). 

 

 
 

Figure (3.4): The layout of the designed permeable pavement 
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3.4  Material selection 
 

The necessary materials for this study was collected from local factory in Gaza strip, 

such as interlock tiles, bedding materials and bases course material selection. Table 

(3.1) shows main and local sources of these materials and Table (3.2) shows interlock 

shapes available in Gaza factories, Figures (3.5, 3.6, 3.7) show the sources of sand, 

aggregates and interlock . 
 

Table (3.1): Main and local sources of used materials 

Source 
Material 

Local Main 

Palestine co. for building 

material (Automatic Factory)& 

Mushtaha Hassouna Trading co. 

for and General Contracting 

1) Cement (Egypt) 

2) Crushed rocks 

(Egypt) 
Interlock tiles 

(Automatic Factory) (Egypt) Coarse Aggregates 

(Fine Aggregates used in water 

well-Marshoud) 
Crushed rocks(Egypt) Fine Aggregates 

(material between joints) 

(Automatic Factory) Local sand Sand 
  

Table (3.2): Interlock shapes available in Gaza factories 

 

Dimensions 

(m) 

Perimeter 

(m) 

Area 

(m2) 
No. /m2 Type 

 

0.10x0.20 0.6 0.020 50 
Rectangular 

Tile  

 

0.16x0.20 0.72 0.029 36 H Tile 

 

0.182x0.196 0.63 0.026 40 Star Tile 

 

0.22x0.22 0.72 0.049 23 
Hexagonal 

Tile 

 

0.238x0.258 0.75 0.062 26 
polygonal 

Tile 

 

0.241x0.133 0.75 0.032 39 
Rectangular 

polygon Tile 
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Figure (3.5): Source of Sand (Palestine co. for building material) 

 

 

 
 

Figure (3.6): Source of aggregates (Palestine co. for building material) 
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Figure (3.7): Source of Interlock tiles (Palestine co. for building material ) 
 

3.5   Material properties 
 

In order to obtain the necessary information to construct permeable pavements, 

laboratory tests were carried out to determine the selected interlock tiles and  aggregate 

properties for bedding materials and base course. 
  

3.5.1  Interlock tile properties 
 

The results of laboratory tests, as following: 

 The average compressive strength of testing samples of interlock concrete was 

627 kg/cm
2
 = 62 MPa  (min. range 50 MPa)  

 The average value of the Abrasion resistance value is 2.83 mm (Range should be 

no more than 5 ~ 6 mm). 

 The average absorption when placed in water for 24 hour is 2.2 % ( Maximum 

range absorption when placed in water for 10 minutes no more than 2% and 

when placed in water for 24 hour  no more than 5%) (All test on Appendix C) 

The interlock test results fall within the (PSI).    

3.5.2 Aggregates properties 
 

The aggregates commonly used for bedding materials or base course material are 

natural fine and coarse aggregates. The aggregates used can be divided into two types as 

shown in Table (3.3) and Figure (3.8), gradation tests were conducted to determine the 

size distribution for each aggregate type. Figure (3.9) shows aggregate used to filling 

between joints. (All test on Appendix B)   



www.manaraa.com

Chapter (3)                                                                       Experimental Program 

-36- 
 

Table (3.3): Used aggregates types 

Particle size(mm) Type of aggregate 

Coarse 0/12.5 Adasia 

0/9.50 Simsimia 

0/2.36 Between joints 
Fine 

0/0.6 Sand 
 

  

Figure (3.8): Aggregate types used 

 
 

Figure (3.9): Filling material between joints 
 

3.5.3 Physical properties of aggregates  
 

In order to define the properties of used aggregates, number of laboratory tests have 

been done, these tests include: 

a. Sieve Analysis (ASTM C 136). 

b. Specific gravity test (ASTM C127). 

c. Water absorption (ASTM C128). 

d. Los Angles abrasion (ASTM C131). 

Table (3.4) presents the aggregate tests results. 
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Table (3.4): Results of aggregate tests 

Designation 

No. 

Sand 

0/0.6 

Between 

joints 

0/2.36 

Simsimia 

0/9.50 

Adasia 

0/12.5 
Test 

ASTM :C127 

2.58 2.67 2.54 2.49 Bulk dry S.G 

2.63 2.73 2.61 2.55 Bulk SSD S.G 

2.72 2.85 2.73 2.65 Apparent S.G 

2.65 2.76 2.70 2.63 Effective S.G 

2.02 2.46 2.79 2.49 Absorption (%) 

ASTM : C128 
-- -- -- 22.4 Abrasion 

value (%) 

 

3.5.4 Sieve analysis of aggregates 
 

Tests according to specification (ASTM C 136) is performed on a sample of used 

aggregate for each type of aggregate in a laboratory as shown in Figure (3.10 and 3.11), 

and the results are presented below in Table (3.5) and Figures (3.12 - 3.16). 

 

 

Figure (3.10): Gradation test standard sieves devices 
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Figure (3.11): Sieve analysis for aggregate between joints (0/2.36)  

 

Table (3.5): Aggregates sieve analysis results 

Sample Passing % 
Sieve 

No. # 

Sieve 

Opening 

Size (mm) 
Sand 

0/0.6 

Between joints 

0/2.36 

Simsimia 

0/ 9.50 

Adasia 

0/ 12.5 

100 100 100 100 3/4" 19 

100 100 99.6 57.2 1/2" 12.5 

100 100 97.1 9.8 3/8" 9.5 

100 100 23 1 #4 4.75 

100 97 8.6 0.8 #8 2.36 

99.9 41 4.3 0.8 # 16 1.18 

99.6 4.6 3.9 0.8 # 30 0.6 

93.7 1.3 3.7 0.7 #50 0.3 

2 0.3 3.4 0.6 # 100 0.15 

0.2 0.1 2.9 0.5 # 200 0.075 

0.0 0.0 0.0 0.0 pan 
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Figure (3.12): Gradation curve for used (Adasia0/ 12.5) aggregate 

  

Figure (3.13): Gradation curve for used (Simsimia 0/ 9.5) aggregate 
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Figure (3.14): Gradation curve for used (Filling material between joints 0/2.36)  

 

 Figure (3.15): Gradation curve for used (Sand 0/ 0.6) 
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 Figure (3.16): Used aggregates gradation curves   
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3.6   Infiltration tests 
 

3.6.1 Pavement construction 
 

Figure (3.17) shows the steel box that constructed for the experiment. This was 

constructed after completing the initial tests for interlock tiles and aggregate properties. 

Bedding and base course aggregates were washed to avoid clogging due to fine 

material, Section (3.3) details the pavement structure. A Steel frame followed by base-

course materials placed on bottom of the box as geo-textile. 

 

 

Figure (3.17): The experimental steel box of the permeable pavement 

 

Figure (3.18) shows the interlock pavers sitting on top of the bedding layer. The joints 

between the blocks were filled with special aggregate that used for water well and it's 

gradation (0/2.36) was shown in Figure (3.14). It is important to compact the material 

until the maximum density is achieved. A vibrator was used to compact the material 

until the thickness of the material met the required height. The thickness of the base 

course layer in the range of 15cm and it is required to compact. Similar process was 

followed with the bedding layer, before the interlock pavers were placed Figure (3.19), 

and the material used for filling joints between interlock tiles is shown in  Figure (3.20).   
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Figure (3.18): Interlock pavement and bedding material 

 

Figure (3.19): Installed pavement surface 

 

Figure (3.20): Filling joints between interlock tiles by fine aggregate 
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3.6.2 Different interlock types 
 

Three types of interlock tiles were selected after calculating the largest value number of 

pieces per square meter and the size of joints, which is: 

 Rectangular Tile 10 x 20 cm 

 H Tile 16 x 20 cm  

 Star Tile 18.20 x 19.60 cm, as shown in Table (3.6). 

 

Table (3.6): Types of interlock tiles which used in pavement 

T
y
p

e
 

Rectangular Tile 10*20 cm H Tile 16*20 cm Star Tile 8.20*19.60 cm 

   
 

 

3.6.3 Different interlock pattern type  

 
The following patterns have been selected in experiments as shown in Table (3.7), they 

are commonly used. 

 

Table (3.7): Pattern types of interlock tiles which used in pavement 

p
at

te
rn

 T
y

p
e 

 

Rectangular 10*20 cm H Tile 16*20 cm Star18.20*19.60 cm 

Basket weave bond 
Herringbone 

(bond (90)
 o
) bonded bonded 
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3.6.4 Base course layer  
 

   Three types of base course under interlock tiles were used: 

 Coarse aggregate (Simsimia) 0/9.50 mm + (Sand)  0/0.6 mm 

 Coarse aggregate (Adasia) 0/12.5 mm + (Sand)  0/0.6 mm 

 Coarse aggregate (Adasia) 0/12.5 mm + Coarse aggregate (Simsimia) 0/9.50 

Figure (3.21) shows the selected material  in experiments under tiles. 

 

 
 

Figure (3.21): Types of base course layer used 

 

3.6.5 Joints  
 

Concerning the joints between the tiles, two types of joints were selected, 3 mm and 5 

mm, as much as possible to keep the stability of the concrete pavement. 
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3.6.6 Rainfall simulator installation 
 

The four legs Figure (3.22) of the steel box were installed after completing the 

construction of the pavement. Finally, the funnel was fixed under the steel box to collect 

the infiltrated water Figure (3.23). As mentioned previously, the rainfall simulator 

Figures (3.24) & (3.25) was placed with steel grid carrying the 25 nozzles installed at 80 

cm from the surface of the pavement. The water flows through the joints of pavement 

was collected from underneath the pavement a funnel Figure (3.26). 
 

 

Figure (3.22): Rainfall simulator and laboratory pavement model box 

 

 

Figure (3.23):  Infiltrated water collecting funnel 
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Figure (3.24): The 25 evenly setup sprays 

 

 

 

Figure (3.25): Infiltration test on the constructed permeable pavement 
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Figure (3.26): Infiltrated water out through permeable pavement 

 

3.6.7 Rainfall simulator intensities 
 

The RI simulation consist of five different rainfall storms of uniform intensities where 

the taken from curves of return period as: (15, 30, 45, 60, 120 mm/h), as shown in 

Figure (3.27). 

 
Figure (3.27): Infiltrated Intensity of water 

  

Rainfall 
intensities 

15 mm/h 30 mm/h 45 mm/h 60 mm/h 120 mm/h 
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3.6.8 Summary of all experimental scenarios 
 

Figure (3.28) shows a summary of scenarios in the experimental work. 
  

Figure (3.28): Summary of all experimental scenarios 

 

Note: for each model has been used, three layers under tiles were used as shown in 

Figure (3.21) and five intensity's of water are described on Figure (3.27).  
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4.1  Introduction 
 

Results of experimental work were obtained and discussed to achieve study objectives, 

which include studying the effect of different joints, block shape, and pavement pattern 

on the permeability of water in concrete block pavement.  
 

The results are presented in this chapter in four stages. First, recording all results of 

permeability percentage per minute for all five models that mentioned in Figure (4.1), 

which have all shapes of tiles used and scenarios of rainfall intensity. Second stage 

shows to the permeability percentage of water with different type of base course under 

pavement. Third stage is carried out the different percentages of permeability when 

using different joints which are 3 and  5 mm, finally the permeability when changing the 

patterns.  
 

4.2  Experimental scenarios 
 

The experimental work used the following scenarios to study the permeability of water 

as shown in Figure (4.1): 

 

      Figure (4.1): Experimental scenarios to study the permeability of water 

 
 
 

 

For each model used, there are three types of base course layer under block tiles were 

used, and five intensity of storm water are used and described on Figure (4.2).  

Joints Pattern Type 

Experimental 
Scenarios 

Model  (1) 
Rectangular 

10*20 cm 
Basket 

weave bond 
3 mm 

Model  (2) 
Rectangular 

10*20 cm 
 Herringbone 
bond (90o) 

3 mm 

Model  (3) 
Rectangular 

10*20 cm 
Basket 

weave bond 
5 mm 

Model  (4) 
 Star 

18.2*19.6 cm 
Bonded 3 mm 

Model  (5) 
 H Tile 16*20 

cm 
Bonded 3 mm 
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      Figure (4.2): Types of  base course layer and intensity of water 

 
 

4.3  Result of experimental scenarios 
 
 

The simulation consist of five different rainfall storms of uniform intensities to test the 

infiltration rate, through the rainfall simulator was varied between 15~120 mm/h. The 

flow rates lower than 15 mm/h were not considered as the flow through the nozzles 

were very low. The nozzles of the rainfall simulator were placed directly above the 

experimental area. The funnel underneath the pavement is also placed within the area to 

collect water. 

 

In order to obtain the infiltration characteristics through the bedding layer and flow 

through the whole pavement structure for each rainfall event, the water flow through the 

bottom of the pavement was collected at 1 minute interval. 

 

 

Rainfall 
intensities 

Base course  

types 

Simsimia 0/9.5 
+ Sand  0/0.6 

15 mm/h 

30 mm/h 

45 mm/h 

60 mm/h 

120 mm/h 

Adasia  0/12.5 
+ Sand  0/0.6 

15 mm/h 

30 mm/h 

45 mm/h 

60 mm/h 

120 mm/h 

Simsimia 0/9.5 
+ Adasia  
0/12.5 

15 mm/h 

30 mm/h 

45 mm/h 

60mm/h 

120 mm/h 



www.manaraa.com

Chapter (4)                                                                           Results & Discussion 

-53- 
 

4.3.1 Result of permeability for Simsimia 0/9.5 and Sand 0/0.6 as Base 

course layer 

The first type of  base course layer under block tiles shown in Figure (4.3) for all 

models.  

 

Figure (4.3): Base course Simsimia 0/9.5 and Sand  0/0.6 as base course layer  

The result of cumulative out flow is shown in Table (4.1 - 4.5) respectively depending 

on the intensity of water.  

4.3.1.1  Result of cumulative outflow at rainfall intensity=15 mm/h 

The result of cumulative outflow is record in Table (4.1) and permeability percentage % 

for all model was calculated. 

Table (4.1): Cumulative outflow for all model at (RI=15 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

9.26 9.86 11.39 10.34 10.58 15.00 60 

37.16 37.16 17.56 39.56 15.76 
permeability 

percentage (%) 
 

Figure (4.4) illustrates the comparison of results for all models during the intensity of 

water = 15 mm/h. 

 
Figure(4.4): Comparison results for all models at intensity of water (15 mm/h) 
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4.3.1.2   Result of outflow at rainfall intensity= 30 mm/h 

The result of cumulative outflow is record in Table (4.2) and permeability percentage % 

for all model was calculated. 

Table (4.2): Cumulative outflow for all model at (RI=30 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

18.29 19.16 21.7 19.7 20.54 30.00 60 

35.51 36.91 13.66 37.31 39.81 
permeability 

percentage (%) 
 

Figure (4.5) illustrates the comparison of results for all models during the intensity of 

water = 30 mm/h. 

 

Figure(4.5): Comparison results for all models at intensity of water (30 mm/h) 
 

4.3.1.3   Result of outflow at rainfall intensity=45 mm/h 

The result of cumulative outflow is record in Table (4.3) and permeability percentage % 

for all model was calculated. 
  

Table (4.3): Cumulative outflow for all model at (RI=45 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

26.93 27.52 30.76 28.43 29.71 45 60 

75.98 37.73 39.63 36.79 33.53 
permeability 

percentage (%) 
 

Figure (4.6) illustrates the comparison of results for all models during the intensity of 

water = 45 mm/h. 
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Figure(4.6): Comparison results for all models at intensity of water (45 mm/h) 
 

4.3.1.4   Result of outflow at rainfall intensity= 60 mm/h 

The result of cumulative outflow is record in Table (4.4) and permeability percentage % 

for all model was calculated. 

Table (4.4): Cumulative outflow for all model at (RI=60 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

28.93 30.55 34.1 31.65 32.87 60 60 

89.33 75.53 73.96 73.17 78.19 
permeability 

percentage (%) 
 

Figure (4.7) illustrates the comparison of results for all models during the intensity of 

water = 60 mm/h. 

 

Figure(4.7): Comparison results for all models at intensity of water (60 mm/h) 
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4.3.1.5   Result of outflow at rainfall intensity= 120 mm/h 

The result of cumulative outflow is record in Table (4.5) and permeability percentage % 

for all model was calculated. 
  

Table (4.5): Cumulative outflow for all model at (RI=120 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

32.93 34.87 39.11 36.56 37.54 120 60 

31.88 35.53 63.75 65.81 67.39 
permeability 

percentage (%) 

 

Figure (4.8) illustrates the comparison of results for all models during the intensity of 

water = 120 mm/h. 
 

 

Figure(4.8): Comparison results for all models at intensity of water (120 mm/h) 
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4.3.2 Result of Permeability for Adasia  0/12.5 and  Sand  0/0.6 as Base 

course layer. 

The second type of  base course layer under block tiles shown in Figure (4.9) for all 

models. 

 

Figure (4.9): Base course Adasia  0/12.5 and  Sand  0/0.6 on base course layer  
 

The result of cumulative out flow is shown in Table (4.6 - 4.10) respectively depending 

on the intensity of water.  

4.3.2.1   Result of outflow at rainfall intensity=15 mm/h 

The result of cumulative outflow is record in Table (4.6) and permeability percentage % 

for all model was calculated. 

Table (4.6): Cumulative outflow for all model at (RI=15 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

10.97 11.44 12.27 11.77 11.93 15 60 

16.76 13.31 97.95 19.81 15.76 
permeability 

percentage (%) 
 

Figure (4.10) illustrates the comparison of results for all models during the intensity of 

water = 15 mm/h 

Figure(4.10): Comparison results for all models at intensity of water (15 mm/h) 
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4.3.2.2   Result of outflow at rainfall intensity=30 mm/h 

The result of cumulative outflow is record in Table (4.7) and permeability percentage % 

for all model was calculated. 

Table (4.7): Cumulative outflow for all model at (RI=30 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

20.18 20.96 22.74 21.35 21.46 30 60 

31.31 35.91 17.95 17.71 17.76 
permeability 

percentage (%) 
 

Figure (4.11) illustrates the comparison of results for all models during the intensity of 

water = 30 mm/h 

 

Figure(4.11): Comparison results for all models at intensity of water (30 mm/h) 

4.3.2.3   Result of outflow at rainfall intensity=45 mm/h 

The result of cumulative outflow is record in Table (4.8) and permeability percentage % 

for all model was calculated. 

Table (4.8): Cumulative outflow for all model at (RI=45 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

27.42 28.99 31.13 30.23 30.84 45 60 

35.56 38.83 35.79 31.79 39.76 
permeability 

percentage (%) 
 

Figure (4.12) illustrates the comparison of results for all models during the intensity of 

water = 45 mm/h 
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Figure(4.12): Comparison results for all models at intensity of water (45 mm/h) 

4.3.2.4   Result of outflow at rainfall intensity= 60 mm/h 

The result of cumulative outflow is record in Table (4.9) and permeability percentage % 

for all model was calculated. 

Table (4.9): Cumulative outflow for all model at (RI=60 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

31.52 33.45 35.46 34.43 35.04 60 60 

73.76 77.17 75.75 71.69 79.85 
permeability 

percentage (%) 
 

Figure (4.13) illustrates the comparison of results for all models during the intensity of 

water = 60 mm/h. 

 
Figure(4.13): Comparison results for all models at intensity of water (60 mm/h) 
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4.3.2.5   Result of outflow at rainfall intensity= 120 mm/h 

The result of cumulative outflow is record in Table (4.10) and permeability percentage 

% for all model was calculated. 

Table (4.10): Cumulative outflow for all model at (RI=120 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

35.1 36.98 39.7 38.43 39.37 120 60 

35.37 65.93 66.59 63.56 63.97 
permeability 

percentage (%) 

 

Figure (4.14) illustrates the comparison of results for all models during the intensity of 

water = 120 mm/h. 

 

Figure(4.14): Comparison results for all models at intensity of water (120 mm/h) 
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4.3.3 Result of Permeability for Adasia  0/12.5 and  Simsimia 0/9.5 as Base 

course layer 
 

The third type of  base course layer under block tiles shown in Figure (4.15) for all 

models. 

 
Figure (4.15):Base course Simsimia 0/9.5 and Adasia  0/12.5 on base course layer 

 

The result of cumulative out flow is shown in Table (4.11 - 4.15) respectively 

depending on the intensity of water.  

4.3.3.1   Result of outflow at rainfall intensity=15 mm/h 

The result of cumulative outflow is record in Table (4.11) and permeability percentage 

% for all model was calculated. 

Table (4.11): Cumulative outflow for all model at (RI=15 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

11.72 12.34 13.44 12.8 13.16 15 60 

19.76 93.31 95.35 97.66 91.16 
permeability 

percentage (%) 
 

 

Figure (4.16) illustrates the comparison of results for all models during the intensity of 

water = 15 mm/h 

 
Figure(4.16): Comparison results for all models at intensity of water (15 mm/h) 
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4.3.3.2   Result of outflow at rainfall intensity=30 mm/h 

The result of cumulative outflow is record in Table (4.12) and permeability percentage 

% for all model was calculated. 
  

Table (4.12): Cumulative outflow for all model at (RI=30 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

23.15 24.45 26.13 25.35 25.84 30 60 

11.71 97.75 91.75 98.75 93.76 
permeability 

percentage (%) 
 

Figure (4.17) illustrates the comparison of results for all models during the intensity of 

water = 30 mm/h. 

Figure(4.17): Comparison results for all models at intensity of water (30 mm/h) 

4.3.3.3   Result of outflow at rainfall intensity=45 mm/h 

The result of cumulative outflow is record in Table (4.13) and permeability percentage 

% for all model was calculated. 
  

Table (4.13): Cumulative outflow for all model at (RI=45 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

34.21 36.05 38.48 37.61 38.41 45 60 

13.53 95.77 97.77 96.79 97.63 
permeability 

percentage (%) 
 

 

Figure (4.18) illustrates the comparison of results for all models during the intensity of 

water = 45 mm/h 
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Figure(4.18): Comparison results for all models at intensity of water (45 mm/h) 

4.3.3.4   Result of outflow at rainfall intensity= 60 mm/h 

The result of cumulative outflow is record in Table (4.14) and permeability percentage 

% for all model was calculated in the end of table. 

Table (4.14): Cumulative outflow for all model at (RI=60 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

40.8 43.49 46.91 45.88 46.28 60 60 

39.55 13.89 19.79 13.81 11.76 
permeability 

percentage (%) 
 

Figure (4.19) illustrates the comparison of results for all models during the intensity of 

water = 60 mm/h. 

 
Figure(4.19): Comparison results for all models at intensity of water (60 mm/h) 
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4.3.3.5   Result of outflow at rainfall intensity= 120 mm/h 

The result of cumulative outflow is record in Table (4.15) and permeability percentage 

% for all model was calculated. 
  

Table (4.15): Cumulative outflow for all model at (RI=120 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

79.63 83.9 89.84 87.41 87.72 120 60 

33.63 35.53 18.91 13.98 16.75 
permeability 

percentage (%) 
 

Figure (4.20) illustrates the comparison of results for all models during the intensity of 

water = 120 mm/h. 

 

Figure(4.20): Comparison results for all models at intensity of water (120 mm/h) 
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4.4   Permeability percentage Comparison 
 

4.4.1 Permeability percentage for all models  

All results have been recorded, which obtained from experiments that clarified earlier, 

where the table form designed in (Appendix A) to record the readings per 1 minute, 

Tables (4.16 - 4.20) below illustrates all the results. 
 

 

Table (4.16): Results of permeability percentage for Model (1) 
 

Inflow 15 
mm/h 

30 
mm/h 

45 
mm/h 

60 
mm/h 

120 
mm/h Type Base course 

M
o

d
e

l 
 (

1
) 

T
y
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e
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) 
: 

R
e
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u
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r 
1
0

x
2

0
 c

m
 

P
a
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: 

 B
a

s
k

e
t 

w
e

a
v

e
 b

o
n

d
 

J
o

in
ts

 :
  

3
m

m
 

Simsimia 0/9.5 + 
Sand  0/0.6 

70.53 68.47 65.98 54.78 31.28 

Adasia  0/12.5 + 
Sand  0/0.6 

79.53 71.53 68.53 58.40 32.81 

Simsimia 0/9.5 + 
Adasia  0/12.5 

87.73 86.13 85.36 77.13 73.10 

 

The result shown in Table (4.16) describes the permeability percentage of different 

rainfall intensities to rectangular block 10 x 20 cm with basket weave bond pattern and 

3 mm joints, the result shows that no surface runoff generated from the pavement 

surface for the low intensities at 15 mm/h and the average percentage of inflow to 

outflow is 70.53 % in using Simsimia 0/9.5 and Sand  0/0.6 on base course layer and 

87.73 % in using Simsimia 0/9.5 and Adasia  0/12.5 on base course layer, but at high 

intensities at 120 mm/h the surface runoff generated largely and average percentage of 

inflow to out flow not exceeded 31.28% in using Simsimia 0/9.5 and Sand  0/0.6 on 

base course layer and 73 % in using Simsimia 0/9.5 and Adasia  0/12.5 on base course 

layer. 
 

The comparison of all results of permeability percentage for model (1) are shown in 

Figure (4.21).  
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Figure (4.21): Comparison results of permeability percentage for model (1) 

 

Table (4.17): Results of permeability percentage for model (2) 

Inflow 15 
mm/h 

30 
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mm/h Type Base course 
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Simsimia 0/9.5 + 
Sand  0/0.6 

68.93 65.67 63.17 52.75 30.46 

Adasia  0/12.5 + 
Sand  0/0.6 

78.47 71.17 67.18 57.38 32.01 

Simsimia 0/9.5 + 
Adasia  0/12.5 

85.33 84.50 83.58 76.47 72.84 

 

The result shown in Table (4.17) describes the permeability percentage of different 

rainfall intensities to rectangular block 10 x 20 cm with herringbone bond (90
o
) pattern 

and 3 mm joints, the result shows that no surface runoff generated from the pavement 

surface for the low intensities at 15 mm/h and the average percentage of inflow to 

outflow is 68.93 % in using Simsimia 0/9.5 and Sand  0/0.6 and 85.33 % in using 

Simsimia 0/9.5 and Adasia  0/12.5 on base course layer, but at high intensities at 120 

mm/h the surface runoff generated largely and average percentage of permeability not 

exceeded 30.46 % in using Simsimia 0/9.5 and Sand  0/0.6 and 72.84 % in using 

Simsimia 0/9.5 and Adasia  0/12.5 on base course layer. 

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

 %
 P

e
rm

ea
b

ili
ty

 p
er

ce
n

ta
ge

  

Base course type 

15
mm/h

30
mm/h

45
mm/h

60
mm/h

120
mm/h

Simsimia 0/9.5 + 
Adasia  0/12.5 

Simsimia 0/9.5 + 
Sand  0/0.6 

Adasia  0/12.5 + 
Sand  0/0.6 



www.manaraa.com

Chapter (4)                                                                           Results & Discussion 

-67- 
 

The comparison of all results of permeability percentage for model (2) are shown in 

Figure (4.22).  

 
Figure (4.22): Comparison results of permeability percentage for model (2) 

 

 

Table (4.18): Results of permeability percentage for model (3) 

Inflow 15 
mm/h 

30 
mm/h 

45 
mm/h 

60 
mm/h 

120 
mm/h Type Base course 

M
o

d
e

l 
 (

3
) 

T
y
p

e
(3

):
R

e
c
ta

n
g

u
la

r 
1

0
x
2

0
 c

m
 

P
a

tt
e

rn
: 

 B
a

s
k

e
t 

w
e

a
v

e
 b

o
n

d
 

J
o

in
ts

 :
  

5
m

m
 

Simsimia 0/9.5 + 
Sand  0/0.6 

75.93 72.33 68.36 56.83 32.59 

Adasia  0/12.5 + 
Sand  0/0.6 

81.80 75.80 69.18 59.10 33.08 

Simsimia 0/9.5 + 
Adasia  0/12.5 

89.60 87.10 85.51 78.18 74.87 

 

The result shown in Table (4.18) describes the permeability percentage of different 

rainfall intensities to rectangular block 10 x 20 cm with basket weave bond pattern and 

5 mm joints, the result shows that no surface runoff generated from the pavement 

surface for the low intensities at 15 mm/h and the average percentage of inflow to 

outflow is 75.93 % in using Simsimia 0/9.5 and Sand  0/0.6 and 89.60 % in using 

Simsimia 0/9.5 and Adasia  0/12.5 on base course layer, but at high intensities at 120 

mm/h the surface runoff generated largely and average percentage of permeability not 

exceeded 32.59 % in using Simsimia 0/9.5 and Sand  0/0.6 and 74.87 % in using 

Simsimia 0/9.5 and Adasia  0/12.5 on base course layer. 
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The comparison of all results of permeability percentage for model (3) are shown in 

Figure (4.23).  

 
Figure (4.23): Comparison results of permeability percentage for model (3) 
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The result shown in Table (4.19) describes the permeability percentage for star 

18.20x19.60 cm block with 3 mm joints, the result shows that no surface runoff 

generated from the pavement surface for the low intensities at 15 mm/h and the average 

percentage of inflow to outflow is 65.73 % in using Simsimia 0/9.5 and Sand  0/0.6 and 

82.27 % in using Simsimia 0/9.5 and Adasia  0/12.5 on base course layer, but at high 

intensities at 120 mm/h the surface runoff generated largely and average percentage of 

permeability not exceeded 29.06 % in using Simsimia 0/9.5 and Sand  0/0.6 and 69.92 

% in using Simsimia 0/9.5 and Adasia  0/12.5 on base course layer. 
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The comparison of all results of permeability percentage for model (4) are shown in 

Figure (4.24).  

 
Figure (4.24): Comparison results of permeability percentage for model (4) 
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The result shown in Table (4.20) describes the permeability percentage of different 

rainfall intensities to H 16 x 20 cm block with 3 mm joints, the result shows that no 

surface runoff generated from the pavement surface for the low intensities at 15 mm/h 

and the average percentage of inflow to outflow is 61.76 % in using Simsimia 0/9.5 and 

Sand  0/0.6 and 78.17 % in using Simsimia 0/9.5 and Adasia  0/12.5 on base course 

layer, but at high intensities at 120 mm/h the surface runoff generated largely and 

average percentage of permeability not exceeded 27.44 % in using Simsimia 0/9.5 and 

Sand  0/0.6 and 66.36 % in using Simsimia 0/9.5 and Adasia  0/12.5 on base course 

layer. 
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The comparison of all results of permeability percentage for model (5) are shown in 

Figure (4.25).  

 
Figure (4.25): Comparison results of permeability percentage for model (5) 

 

 

From all the results, the use of rectangular block 10 x 20 cm with basket weave bond 

pattern and 5 mm joints as describes in model (3) gives the best results of permeability. 

 
  

 

4.4.2 Effect of using different types of base course on permeability 
 

The comparison of all permeability results according to base course layer are shown in 

Figure (4.26 – 4.28), which show that the using coarse aggregate Adasia  0/12.5 and  

Sand  0/0.6 give slightly higher permeability percentage than the using  of coarse 

aggregate Simsimia 0/9.5 and Sand  0/0.6  in the bottom of the tile layers, and using 

Simsimia 0/9.5 and Adasia  0/12.5  without using sand aggregates in the bottom layer 

gives very high permeability percentage.  

 

When using  Simsimia 0/9.5 and Sand  0/0.6 on base course layers the Comparison 

results of permeability percentage for all models are shown in Figure (4.26), result 

shows that the model (3) gives the best permeability.   
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Figure (4.26): Comparison results of permeability percentage for all models when 

using  Simsimia 0/9.5 and Sand  0/0.6 on base course layers 

 

When using  Adasia  0/12.5 and  Sand  0/0.6 on base course layers the Comparison 

results of permeability percentage for all models are shown in Figure (4.27), results 

show that the model (3) gives the best permeability .   

 

Figure (4.27): Comparison results of permeability percentage for all models when 

using  Adasia  0/12.5  + Sand  0/0.6 on base course layers 
 

When using  Simsimia 0/9.5 and Adasia  0/12.5 on base course layers the Comparison 

results of permeability percentage for all models are shown in Figure (4.28), results 

show that the model (3) gives the best permeability percentage.   
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Figure (4.28): Comparison results of permeability percentage for all models when 

using  Simsimia 0/9.5 and Adasia  0/12.5 on base course layers 

 
 

4.4.3 Effect of using different joints between block on permeability 
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Figure (4.29 - 4.31) below illustrates all the results, no large effect has been noticed in 

the percentage of water permeability during low intensity of water. 
 

 

Figure (4.29): Comparison results of permeability percentage according to joints for 

Model (1 & 3) when using Simsimia 0/9.5 and Sand  0/0.6 as base course layer  
 

 

 

Figure (4.30): Comparison results of permeability percentage according to joints for 

Model (1 & 3) when using Adasia  0/12.5 and  Sand  0/0.6 as base course layer  
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Figure (4.31): Comparison results of permeability percentage according to joints for 

Model (1 & 3) when using Simsimia 0/9.5 and Adasia  0/12.50 as base course layer 
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Figure (4.32 - 4.34) below illustrates all the results, and the results didn't show 

significant effect on water permeability percentage through the intensity of water 

mentioned. 

 

Figure (4.32): Comparison results of permeability percentage according to pattern for 

Model (1 & 2) when using Simsimia 0/9.5 and Sand  0/0.6 as base course layer 

 

 

Figure (4.33): Comparison results of permeability percentage according to pattern for 

Model (1 & 2) when using Adasia 0/12.5 and Sand  0/0.6 as base course layer 
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Figure (4.34): Comparison results of permeability percentage according to pattern for 

Model (1 & 2) when using Simsimia 0/9.5 and Adasia  0/12.50 as base course layer 
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5.1 Conclusions 

 

The followings conclusions can be drawn: 
 

a) The study has shown the possibility of infiltration the water through joints 

between Interlock and reduce the amount of water accumulated on the surface as 

runoff water as much as possible by using a variety of experiences. 
 

b) Through experiments, the results show that the using rectangular block tile 

10x20 cm gives the highest percentage of water permeability more than any 

other types of tiles as it was shown in Model (3). 
 
 

c) In the existence of sand layer under the tiles the water permeability percentage 

for the intensity of rainfall at 15 mm/h amounted to about 76% without any 

surface water runoff, while at the intensity of rainfall 120 mm/h water 

permeability percentage did not exceed 32.5% with large surface runoff water. 
 

d) When using coarse aggregate layer, the permeability percentage reached 89.6% 

in the low intensity of water and 75% in the largest intensity of water and less of 

surface water runoff was observed. 
 

 

e) When changing patterns of tiles, the results didn't show significant effect on 

water permeability percentage through the intensity of water. 
 

f) As for the increase of joints between interlock tiles, no large effect has been 

noticed in the percentage of water permeability during low intensity of water, 

while little increase was observed in the water permeability during the high 

water intensity but the increase in the continuity of water permeability grows 

with the increase of joints in cases of obstructive dust and dirt on the surface of 

the pavement. 
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5.2 Recommendations 

 

a) The successful results obtained from the laboratory studies should be extended 

to a field based study to better understand issues related. 

 

b) Through the results that have been obtained, the study recommends to take 

advantage and solve the problem of rain water accumulated in areas with light 

loads such as squares, car parking, stadiums and plazas. 

 

c) It is important to get benefit from amounts of water that is collected and not 

neglected then, Re-injected into groundwater aquifer to reduce the water 

problem.  

 

d) It is recommended to conduct similar studies about making mix concrete tile that 

has special specification to permeable water through the tiles and consist of 

compounds with water permeability properties. 
 

e) Government, institutions , municipalities and researchers should integrate efforts 

toward preparing and implementing water management plan reinforcing the 

environmental sustainability by taking and support important issues to 

development the Infrastructure. 
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Result of permeability for Simsimia 0/9.5 and Sand 0/0.6 as Base course layer at 

rainfall intensity=15 mm/h 

Table (A.1): Cumulative outflow for all model at (RI=15 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0 0 0 0.25 1 st 

0 0 0 0 0 0.50 2 nd 

0 0 0 0 0 0.75 3 rd 

0 0 0.08 0 0 1.00 4 th 

0 0 0.2 0 0 1.25 5 th 

0 0 0.34 0 0.1 1.50 6 th 

0 0 0.48 0.1 0.22 1.75 7 th 

0 0.05 0.62 0.22 0.36 2.00 8 th 

0.1 0.15 0.77 0.34 0.5 2.25 9 th 

0.22 0.27 0.92 0.47 0.65 2.50 10 th 

0.34 0.42 1.07 0.62 0.8 2.75 11 th 

0.46 0.57 1.23 0.77 0.95 3.00 12 th 

0.58 0.72 1.39 0.92 1.1 3.25 13 th 

0.72 0.87 1.55 1.07 1.25 3.5.0 14 th 

0.86 1.02 1.71 1.24 1.41 3.75 15 th 

1 1.17 1.87 1.41 1.57 4.00 16 th 

1.15 1.33 2.04 1.57 1.74 4.25 17 th 

1.3 1.49 2.22 1.74 1.91 4.50 18 th 

1.45 1.65 2.42 1.91 2.08 4.75 19 th 

1.6 1.81 2.61 2.08 2.25 5.00 20 th 

1.75 1.97 2.81 2.26 2.43 5.25 21 st 

1.91 2.13 3.01 2.45 2.62 5.50 22 nd 

2.07 2.31 3.21 2.64 2.81 5.75 23 rd 

2.23 2.49 3.41 2.83 3 6.00 24 th 

2.39 2.67 3.61 3.03 3.2 6.25 25 th 

2.55 2.85 3.82 3.23 3.4 6.50 26 th 

2.73 3.03 4.04 3.43 3.6 6.75 27 th 

2.91 3.22 4.26 3.63 3.8 7.00 28 th 

3.09 3.41 4.48 3.85 4 7.25 29 th 

3.27 3.61 4.7 4.05 4.2 7.50 30 th 

3.45 3.81 4.92 4.25 4.4 7.75 31 st 

3.63 4.01 5.14 4.45 4.6 8.00 32 nd 

3.81 4.21 5.36 4.65 4.82 8.25 33 rd 

3.99 4.41 5.58 4.85 5.02 8.50 34 th 

4.17 4.61 5.8 5.05 5.22 8.75 35 th 

4.35 4.81 6.02 5.25 5.42 9.00 36 th 

4.53 5.01 6.23 5.45 5.64 9.25 37 th 

4.71 5.21 6.44 5.65 5.84 9.50 38 th 

4.91 5.41 6.65 5.85 6.06 9.75 39 th 

5.11 5.61 6.87 6.05 6.26 10.00 40 th 

5.31 5.81 7.09 6.25 6.47 10.25 41 st 

5.51 6.01 7.31 6.45 6.68 10.50 42 nd 

5.71 6.21 7.53 6.65 6.9 10.75 43 rd 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

5.91 6.41 7.75 6.85 7.12 11.00 44 th 

6.11 6.61 7.97 7.05 7.32 11.25 45 th 

6.31 6.82 8.19 7.26 7.52 11.50 46 th 

6.51 7.03 8.41 7.47 7.72 11.75 47 th 

6.71 7.24 8.63 7.68 7.92 12.00 48 th 

6.91 7.45 8.85 7.89 8.12 12.25 49 th 

7.11 7.67 9.07 8.11 8.32 12.50 50 th 

7.31 7.89 9.3 8.33 8.52 12.75 51 st 

7.51 8.1 9.53 8.54 8.74 13.00 52 nd 

7.72 8.32 9.75 8.76 8.96 13.25 53 rd 

7.94 8.54 9.97 8.98 9.19 13.50 54 th 

8.16 8.76 10.2 9.2 9.42 13.75 55 th 

8.38 8.98 10.43 9.42 9.65 14.00 56 th 

8.6 9.2 10.67 9.65 9.88 14.25 57 th 

8.82 9.42 10.91 9.88 10.11 14.50 58 th 

9.04 9.64 11.15 10.11 10.34 14.75 59 th 

9.26 9.86 11.39 10.34 10.58 15.00 60 th 

37.16 37.16 17.56 39.56 15.76 
permeability 

percentage (%) 

 

Result of permeability for Simsimia 0/9.5 and Sand 0/0.6 as Base course layer at 

rainfall intensity=30 mm/h 

Table (A.2): Cumulative outflow for all model at (RI=30 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0 0 0 0.5 1 st 

0 0 0 0 0 1.0 2 nd 

0 0 0 0 0.11 1.5 3 rd 

0 0 0.12 0 0.32 2.0 4 th 

0 0 0.32 0.09 0.59 2.5 5 th 

0.1 0.2 0.62 0.27 0.85 3.0 6 th 

0.3 0.5 0.92 0.56 1.14 3.5 7 th 

0.55 0.8 1.26 0.87 1.45 4.0 8 th 

0.83 1.1 1.6 1.2 1.78 4.5 9 th 

1.11 1.4 1.94 1.53 2.12 5.0 10 th 

1.39 1.7 2.28 1.86 2.47 5.5 11 th 

1.69 2 2.63 2.19 2.84 6.0 12 th 

1.99 2.3 2.98 2.54 3.22 6.5 13 th 

2.29 2.65 3.33 2.89 3.58 7.0 14 th 

2.59 3 3.69 3.24 3.95 7.5 15 th 

2.89 3.35 4.05 3.61 4.33 8.0 16 th 

3.22 3.7 4.41 3.98 4.69 8.5 17 th 

3.55 4.06 4.77 4.35 5.04 9.0 18 th 

3.88 4.42 5.15 4.7 5.38 9.5 19 th 

4.21 4.78 5.53 5.07 5.75 10.0 20 th 

4.54 5.14 5.91 5.44 6.11 10.5 21 st 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

4.87 5.49 6.29 5.81 6.49 11.0 22 nd 

5.2 5.84 6.67 6.16 6.84 11.5 23 rd 

5.53 6.19 7.05 6.51 7.2 12.0 24 th 

5.86 6.54 7.45 6.86 7.55 12.5 25 th 

6.19 6.89 7.85 7.23 7.92 13.0 26 th 

6.54 7.24 8.25 7.6 8.3 13.5 27 th 

6.89 7.59 8.65 7.97 8.68 14.0 28 th 

7.24 7.94 9.05 8.34 9.06 14.5 29 th 

7.59 8.29 9.45 8.71 9.41 15.0 30 th 

7.94 8.64 9.85 9.08 9.77 15.5 31 st 

8.29 8.99 10.25 9.45 10.14 16.0 32 nd 

8.64 9.35 10.65 9.81 10.5 16.5 33 rd 

8.99 9.7 11.05 10.19 10.87 17.0 34 th 

9.34 10.05 11.45 10.56 11.25 17.5 35 th 

9.69 10.41 11.85 10.92 11.61 18.0 36 th 

10.04 10.76 12.25 11.27 11.96 18.5 37 th 

10.39 11.11 12.65 11.62 12.33 19.0 38 th 

10.74 11.46 13.05 11.97 12.71 19.5 39 th 

11.09 11.81 13.45 12.32 13.09 20.0 40 th 

11.44 12.16 13.85 12.67 13.47 20.5 41 st 

11.79 12.51 14.25 13.02 13.82 21.0 42 nd 

12.14 12.86 14.66 13.37 14.18 21.5 43 rd 

12.49 13.23 15.07 13.74 14.55 22.0 44 th 

12.85 13.59 15.48 14.1 14.91 22.5 45 th 

13.21 13.96 15.89 14.47 15.28 23.0 46 th 

13.57 14.33 16.3 14.84 15.66 23.5 47 th 

13.93 14.7 16.71 15.21 16.03 24.0 48 th 

14.29 15.07 17.12 15.58 16.39 24.5 49 th 

14.65 15.44 17.53 15.95 16.76 25.0 50 th 

15.01 15.81 17.94 16.32 17.13 25.5 51 st 

15.37 16.18 18.36 16.69 17.5 26.0 52 nd 

15.73 16.55 18.77 17.06 17.88 26.5 53 rd 

16.09 16.92 19.18 17.43 18.25 27.0 54 th 

16.45 17.29 19.6 17.8 18.62 27.5 55 th 

16.81 17.66 20.02 18.17 18.99 28.0 56 th 

17.18 18.03 20.44 18.54 19.36 28.5 57 th 

17.55 18.4 20.86 18.92 19.75 29.0 58 th 

17.92 18.78 21.28 19.31 20.14 29.5 59 th 

18.29 19.16 21.7 19.7 20.54 30.0 60 th 

35.51 36.91 13.66 37.31 39.81 
permeability 

percentage (%) 
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Result of permeability for Simsimia 0/9.5 and Sand 0/0.6 as Base course layer at 

rainfall intensity=45 mm/h 

Table (A.3): Cumulative outflow for all model at (RI=45 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0.15 0.1 0.13 0.75 1 st 

0 0 0.3 0.2 0.26 1.50 2 nd 

0 0.15 0.5 0.34 0.39 2.25 3 rd 

0.18 0.35 0.8 0.54 0.64 3.00 4 th 

0.4 0.57 1.15 0.89 1.01 3.75 5 th 

0.68 0.92 1.55 1.24 1.45 4.50 6 th 

1 1 1.95 1.62 1.88 5.25 7 th 

1.33 1.38 2.35 2.02 2.34 6.00 8 th 

1.68 1.78 2.78 2.42 2.82 6.75 9 th 

2.03 2.18 3.23 2.84 3.3 7.50 10 th 

2.39 2.6 3.68 3.27 3.78 8.25 11 th 

2.77 3.02 4.16 3.72 4.26 9.00 12 th 

3.17 3.47 4.65 4.17 4.74 9.75 13 th 

3.57 3.92 5.14 4.65 5.22 10.50 14 th 

4 4.37 5.64 5.13 5.72 11.25 15 th 

4.45 4.82 6.16 5.61 6.22 12.00 16 th 

4.9 5.3 6.68 6.09 6.72 12.75 17 th 

5.35 5.78 7.18 6.57 7.2 13.50 18 th 

5.8 6.26 7.7 7.06 7.7 14.25 19 th 

6.25 6.74 8.22 7.55 8.2 15.00 20 th 

6.73 7.22 8.74 8.04 8.7 15.75 21 st 

7.21 7.72 9.26 8.54 9.2 16.50 22 nd 

7.69 8.22 9.78 9.04 9.7 17.25 23 rd 

8.17 8.72 10.3 9.54 10.2 18.00 24 th 

8.65 9.2 10.82 10.04 10.7 18.75 25 th 

9.13 9.7 11.34 10.54 11.2 19.50 26 th 

9.63 10.2 11.87 11.04 11.7 20.25 27 th 

10.13 10.7 12.4 11.54 12.2 21.00 28 th 

10.63 11.2 12.93 12.04 12.72 21.75 29 th 

11.13 11.7 13.46 12.56 13.24 22.50 30 th 

11.63 12.2 13.99 13.08 13.77 23.25 31 st 

12.13 12.72 14.54 13.6 14.31 24.00 32 nd 

12.63 13.24 15.09 14.12 14.86 24.75 33 rd 

13.13 13.76 15.65 14.64 15.4 25.50 34 th 

13.65 14.28 16.21 15.16 15.95 26.25 35 th 

14.17 14.8 16.77 15.68 16.51 27.00 36 th 

14.69 15.32 17.34 16.21 17.05 27.75 37 th 

15.21 15.84 17.91 16.74 17.58 28.50 38 th 

15.73 16.36 18.48 17.27 18.13 29.25 39 th 

16.26 16.89 19.05 17.8 18.69 30.00 40 th 

16.79 17.42 19.62 18.33 19.25 30.75 41 st 

17.32 17.94 20.19 18.85 19.81 31.50 42 nd 

17.85 18.46 20.76 19.37 20.34 32.25 43 rd 

18.38 18.98 21.33 19.89 20.88 33.00 44 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont.  
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

18.91 19.5 21.91 20.41 21.43 33.75 45 th 

19.44 20.03 22.49 20.94 21.97 34.50 46 th 

19.97 20.56 23.07 21.47 22.52 35.25 47 th 

20.5 21.09 23.64 22 23.08 36.00 48 th 

21.03 21.62 24.22 22.53 23.63 36.75 49 th 

21.56 22.15 24.8 23.06 24.17 37.50 50 th 

22.09 22.68 25.38 23.59 24.72 38.25 51 st 

22.62 23.21 25.96 24.12 25.27 39.00 52 nd 

23.15 23.74 26.54 24.65 25.82 39.75 53 rd 

23.69 24.28 27.12 25.19 26.38 40.50 54 th 

24.23 24.82 27.72 25.73 26.93 41.25 55 th 

24.77 25.36 28.32 26.27 27.48 42.00 56 th 

25.31 25.9 28.92 26.81 28.03 42.75 57 th 

25.85 26.44 29.52 27.35 28.58 43.50 58 th 

26.39 26.98 30.14 27.89 29.14 44.25 59 th 

26.93 27.52 30.76 28.43 29.71 45.00 60 th 

75.98 37.73 39.63 36.79 33.53 
permeability 

percentage (%) 

 

 

Result of permeability for Simsimia 0/9.5 and Sand 0/0.6 as Base course layer at 

rainfall intensity=60 mm/h 
 

Table (A.4): Cumulative outflow for all model at (RI=60 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0.1 0.2 0.35 0.28 0.33 1 1 st 

0.2 0.4 0.7 0.56 0.66 2 2 nd 

0.4 0.68 1.07 0.88 0.98 3 3 rd 

0.65 0.98 1.47 1.22 1.33 4 4 th 

0.95 1.33 1.89 1.57 1.7 5 5 th 

1.25 1.68 2.34 1.97 2.14 6 6 th 

1.59 2.08 2.8 2.37 2.6 7 7 th 

1.94 2.48 3.28 2.79 3.06 8 8 th 

2.29 2.88 3.76 3.22 3.55 9 9 th 

2.67 3.28 4.28 3.67 4.05 10 10 th 

3.07 3.73 4.81 4.15 4.58 11 11 th 

3.47 4.18 5.33 4.63 5.1 12 12 th 

3.87 4.63 5.85 5.11 5.61 13 13 th 

4.3 5.11 6.38 5.59 6.14 14 14 th 

4.73 5.59 6.93 6.09 6.66 15 15 th 

5.18 6.07 7.48 6.59 7.2 16 16 th 

5.63 6.55 8.05 7.09 7.75 17 17 th 

6.08 7.05 8.62 7.61 8.29 18 18 th 

6.56 7.55 9.19 8.13 8.82 19 19 th 

7.04 8.05 9.76 8.65 9.35 20 20 th 

7.52 8.55 10.34 9.17 9.88 21 21 st 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

8 9.05 10.92 9.69 10.42 22 22 nd 

8.48 9.55 11.5 10.21 10.96 23 23 rd 

8.98 10.05 12.08 10.73 11.5 24 24 th 

9.48 10.55 12.66 11.25 12.03 25 25 th 

9.98 11.07 13.23 11.77 12.56 26 26 th 

10.48 11.59 13.81 12.29 13.09 27 27 th 

10.98 12.11 14.39 12.82 13.63 28 28 th 

11.5 12.63 14.97 13.35 14.18 29 29 th 

12.02 13.17 15.55 13.88 14.73 30 30 th 

12.54 13.71 16.13 14.41 15.3 31 31 st 

13.06 14.26 16.7 14.96 15.87 32 32 nd 

13.58 14.81 17.27 15.51 16.44 33 33 rd 

14.1 15.36 17.85 16.06 17.02 34 34 th 

14.62 15.91 18.43 16.61 17.6 35 35 th 

15.14 16.46 19.01 17.16 18.18 36 36 th 

15.66 17.01 19.61 17.73 18.76 37 37 th 

16.21 17.56 20.21 18.3 19.36 38 38 th 

16.76 18.11 20.81 18.87 19.96 39 39 th 

17.31 18.68 21.41 19.44 20.56 40 40 th 

17.86 19.25 22.01 20.02 21.16 41 41 st 

18.41 19.82 22.63 20.6 21.76 42 42 nd 

18.98 20.39 23.25 21.18 22.36 43 43 rd 

19.55 20.97 23.87 21.76 22.96 44 44 th 

20.12 21.55 24.49 22.36 23.56 45 45 th 

20.69 22.13 25.12 22.96 24.16 46 46 th 

21.26 22.71 25.75 23.57 24.77 47 47 th 

21.83 23.29 26.38 24.19 25.39 48 48 th 

22.41 23.87 27.02 24.81 26.01 49 49 th 

22.99 24.47 27.66 25.43 26.63 50 50 th 

23.57 25.07 28.3 26.05 27.25 51 51 st 

24.15 25.67 28.94 26.67 27.87 52 52 nd 

24.73 26.27 29.58 27.29 28.49 53 53 rd 

25.33 26.87 30.22 27.91 29.11 54 54 th 

25.93 27.47 30.86 28.53 29.73 55 55 th 

26.53 28.07 31.5 29.15 30.35 56 56 th 

27.13 28.69 32.15 29.77 30.98 57 57 th 

27.73 29.31 32.8 30.39 31.61 58 58 th 

28.33 29.93 33.45 31.02 32.24 59 59 th 

28.93 30.55 34.1 31.65 32.87 60 60 th 

89.33 75.53 73.96 73.17 78.19 
permeability 

percentage (%) 
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Result of permeability for Simsimia 0/9.5 and Sand 0/0.6 as Base course layer at 

rainfall intensity=120 mm/h 

Table (A.5): Cumulative outflow for all model at (RI=120 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0.25 0.35 0.59 0.47 0.52 2 1 st 

0.4 0.55 0.94 0.77 0.84 4 2 nd 

0.6 0.83 1.36 1.12 1.25 6 3 rd 

0.85 1.18 1.87 1.6 1.75 8 4 th 

1.15 1.58 2.4 2.1 2.27 10 5 th 

1.48 1.98 2.95 2.6 2.81 12 6 th 

1.83 2.43 3.53 3.15 3.38 14 7 th 

2.23 2.93 4.11 3.7 3.95 16 8 th 

2.63 3.43 4.69 4.25 4.52 18 9 th 

3.08 3.93 5.26 4.8 5.09 20 10 th 

3.53 4.43 5.84 5.35 5.67 22 11 th 

3.98 4.98 6.46 5.91 6.27 24 12 th 

4.46 5.53 7.08 6.49 6.87 26 13 th 

4.94 6.08 7.7 7.07 7.47 28 14 th 

5.44 6.63 8.32 7.65 8.09 30 15 th 

5.94 7.21 8.94 8.23 8.72 32 16 th 

6.44 7.79 9.58 8.83 9.36 34 17 th 

6.97 8.37 10.22 9.43 10.02 36 18 th 

7.52 8.95 10.86 10.02 10.64 38 19 th 

8.07 9.53 11.5 10.62 11.25 40 20 th 

8.62 10.13 12.15 11.22 11.89 42 21 st 

9.17 10.73 12.8 11.82 12.51 44 22 nd 

9.75 11.33 13.45 12.44 13.14 46 23 rd 

10.33 11.93 14.1 13.06 13.76 48 24 th 

10.91 12.53 14.75 13.68 14.4 50 25 th 

11.49 13.15 15.41 14.3 15.05 52 26 th 

12.09 13.77 16.07 14.92 15.68 54 27 th 

12.69 14.39 16.73 15.55 16.32 56 28 th 

13.29 15.01 17.39 16.18 16.96 58 29 th 

13.89 15.64 18.05 16.81 17.59 60 30 th 

14.49 16.26 18.71 17.44 18.24 62 31 st 

15.09 16.88 19.38 18.07 18.88 64 32 nd 

15.69 17.5 20.05 18.7 19.52 66 33 rd 

16.31 18.12 20.72 19.34 20.16 68 34 th 

16.93 18.74 21.39 19.98 20.81 70 35 th 

17.55 19.36 22.07 20.62 21.46 72 36 th 

18.17 19.98 22.75 21.26 22.1 74 37 th 

18.79 20.6 23.43 21.9 22.75 76 38 th 

19.41 21.23 24.11 22.54 23.4 78 39 th 

20.03 21.86 24.78 23.18 24.05 80 40 th 

20.65 22.49 25.46 23.82 24.7 82 41 st 

21.27 23.12 26.16 24.46 25.35 84 42 nd 

21.91 23.75 26.86 25.1 26 86 43 rd 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

22.55 24.39 27.56 25.74 26.65 88 44 th 

23.19 25.03 28.26 26.38 27.29 90 45 th 

23.83 25.67 28.96 27.03 27.94 92 46 th 

24.47 26.31 29.66 27.68 28.59 94 47 th 

25.11 26.95 30.38 28.33 29.26 96 48 th 

25.75 27.6 31.1 28.98 29.93 98 49 th 

26.4 28.25 31.8 29.65 30.59 100 50 th 

27.05 28.9 32.52 30.32 31.26 102 51 st 

27.7 29.55 33.24 31 31.96 104 52 nd 

28.35 30.2 33.96 31.69 32.65 106 53 rd 

29 30.85 34.68 32.38 33.32 108 54 th 

29.65 31.5 35.4 33.06 34 110 55 th 

30.3 32.15 36.14 33.76 34.7 112 56 th 

30.95 32.83 36.88 34.46 35.41 114 57 th 

31.61 33.51 37.62 35.16 36.11 116 58 th 

32.27 34.19 38.36 35.86 36.83 118 59 th 

32.93 34.87 39.11 36.56 37.54 120 60 th 

31.88 35.53 63.75 65.81 67.39 
permeability 

percentage (%) 
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Result of Permeability for Adasia  0/12.5 and  Sand  0/0.6 as Base course layer at 

rainfall intensity=15 mm/h 
 

Table (A.6): Cumulative outflow for all model at (RI=15 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0 0 0 0.25 1 st 

0 0 0 0 0 0.5 2 nd 

0 0 0.1 0 0 0.75 3 rd 

0 0.1 0.22 0.13 0.15 1.00 4 th 

0.1 0.24 0.37 0.28 0.32 1.25 5 th 

0.22 0.39 0.52 0.43 0.49 1.50 6 th 

0.37 0.54 0.69 0.59 0.66 1.75 7 th 

0.52 0.69 0.86 0.76 0.83 2.00 8 th 

0.67 0.84 1.03 0.93 1 2.25 9 th 

0.83 1.01 1.21 1.11 1.18 2.50 10 th 

0.99 1.18 1.39 1.29 1.36 2.75 11 th 

1.15 1.35 1.57 1.47 1.54 3.00 12 th 

1.32 1.52 1.75 1.65 1.74 3.25 13 th 

1.49 1.7 1.95 1.83 1.94 3.50 14 th 

1.66 1.88 2.15 2.03 2.14 3.75 15 th 

1.83 2.06 2.35 2.23 2.34 4.00 16 th 

2 2.24 2.55 2.43 2.54 4.25 17 th 

2.17 2.42 2.77 2.63 2.74 4.50 18 th 

2.35 2.6 2.97 2.83 2.94 4.75 19 th 

2.53 2.78 3.19 3.03 3.15 5.00 20 th 

2.71 2.98 3.39 3.23 3.36 5.25 21 st 

2.89 3.18 3.61 3.43 3.57 5.50 22 nd 

3.07 3.38 3.83 3.63 3.78 5.75 23 rd 

3.25 3.58 4.05 3.83 3.99 6.00 24 th 

3.43 3.78 4.28 4.03 4.2 6.25 25 th 

3.61 3.98 4.51 4.23 4.41 6.50 26 th 

3.81 4.18 4.73 4.44 4.63 6.75 27 th 

4.01 4.38 4.95 4.65 4.85 7.00 28 th 

4.21 4.58 5.17 4.86 5.07 7.25 29 th 

4.41 4.78 5.39 5.07 5.29 7.50 30 th 

4.61 4.99 5.61 5.28 5.51 7.75 31 st 

4.81 5.2 5.83 5.49 5.73 8.00 32 nd 

5.01 5.42 6.05 5.7 5.95 8.25 33 rd 

5.21 5.64 6.27 5.91 6.15 8.50 34 th 

5.41 5.86 6.49 6.12 6.35 8.75 35 th 

5.63 6.08 6.72 6.34 6.55 9.00 36 th 

5.85 6.3 6.95 6.56 6.76 9.25 37 th 

6.07 6.52 7.18 6.78 6.96 9.50 38 th 

6.29 6.74 7.41 7 7.17 9.75 39 th 

6.51 6.96 7.64 7.22 7.37 10.00 40 th 

6.73 7.18 7.85 7.44 7.58 10.25 41 st 

6.95 7.4 8.06 7.65 7.79 10.50 42 nd 

7.17 7.62 8.28 7.87 8.01 10.75 43 rd 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

7.39 7.84 8.5 8.09 8.23 11.00 44 th 

7.61 8.06 8.73 8.31 8.45 11.25 45 th 

7.83 8.28 8.96 8.53 8.67 11.50 46 th 

8.05 8.5 9.19 8.75 8.89 11.75 47 th 

8.27 8.72 9.42 8.97 9.11 12.00 48 th 

8.49 8.93 9.65 9.2 9.34 12.25 49 th 

8.71 9.15 9.88 9.43 9.57 12.50 50 th 

8.93 9.37 10.11 9.66 9.8 12.75 51 st 

9.15 9.6 10.35 9.89 10.03 13.00 52 nd 

9.37 9.83 10.59 10.12 10.26 13.25 53 rd 

9.59 10.06 10.83 10.35 10.49 13.50 54 th 

9.82 10.29 11.07 10.58 10.73 13.75 55 th 

10.05 10.52 11.31 10.81 10.97 14.00 56 th 

10.28 10.75 11.55 11.05 11.21 14.25 57 th 

10.51 10.98 11.79 11.29 11.45 14.50 58 th 

10.74 11.21 12.03 11.53 11.69 14.75 59 th 

10.97 11.44 12.27 11.77 11.93 15.00 60 th 

16.76 13.31 97.95 19.81 15.76 
permeability 

percentage (%) 
 

  

Result of Permeability for Adasia  0/12.5 and  Sand  0/0.6 as Base course layer at 

rainfall intensity=30 mm/h 
 
 

Table (A.7): Cumulative outflow for all model at (RI=30 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0 0 0 0.5 1 st 

0 0 0 0 0 1.0 2 nd 

0 0 0 0 0 1.5 3 rd 

0 0 0.14 0 0.09 2.0 4 th 

0.18 0.15 0.33 0.18 0.25 2.5 5 th 

0.38 0.35 0.62 0.44 0.52 3.0 6 th 

0.6 0.6 0.95 0.72 0.82 3.5 7 th 

0.85 0.9 1.31 1.04 1.16 4.0 8 th 

1.13 1.22 1.67 1.36 1.5 4.5 9 th 

1.43 1.54 2.03 1.71 1.84 5.0 10 th 

1.73 1.86 2.39 2.06 2.18 5.5 11 th 

2.03 2.18 2.75 2.41 2.52 6.0 12 th 

2.35 2.53 3.13 2.76 2.86 6.5 13 th 

2.67 2.88 3.51 3.11 3.2 7.0 14 th 

2.99 3.23 3.89 3.46 3.56 7.5 15 th 

3.31 3.58 4.27 3.83 3.92 8.0 16 th 

3.63 3.93 4.65 4.2 4.28 8.5 17 th 

3.98 4.28 5.05 4.57 4.64 9.0 18 th 

4.33 4.65 5.45 4.94 5.01 9.5 19 th 

4.68 5.02 5.85 5.31 5.39 10.0 20 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

5.03 5.39 6.25 5.68 5.77 10.5 21 st 

5.38 5.76 6.65 6.05 6.15 11.0 22 nd 

5.73 6.14 7.05 6.44 6.53 11.5 23 rd 

6.08 6.52 7.45 6.83 6.91 12.0 24 th 

6.43 6.9 7.86 7.22 7.3 12.5 25 th 

6.78 7.28 8.27 7.61 7.69 13.0 26 th 

7.13 7.66 8.68 8 8.08 13.5 27 th 

7.48 8.04 9.09 8.39 8.47 14.0 28 th 

7.86 8.42 9.49 8.79 8.86 14.5 29 th 

8.24 8.81 9.9 9.19 9.26 15.0 30 th 

8.62 9.2 10.31 9.59 9.66 15.5 31 st 

9 9.59 10.72 9.99 10.06 16.0 32 nd 

9.38 9.98 11.13 10.39 10.46 16.5 33 rd 

9.76 10.37 11.54 10.78 10.86 17.0 34 th 

10.14 10.76 11.96 11.18 11.26 17.5 35 th 

10.52 11.16 12.38 11.58 11.66 18.0 36 th 

10.92 11.56 12.8 11.98 12.06 18.5 37 th 

11.32 11.96 13.22 12.38 12.46 19.0 38 th 

11.72 12.36 13.65 12.78 12.87 19.5 39 th 

12.12 12.76 14.08 13.18 13.28 20.0 40 th 

12.52 13.16 14.51 13.58 13.69 20.5 41 st 

12.92 13.56 14.94 13.98 14.1 21.0 42 nd 

13.32 13.97 15.37 14.39 14.51 21.5 43 rd 

13.72 14.38 15.8 14.8 14.92 22.0 44 th 

14.12 14.79 16.23 15.21 15.33 22.5 45 th 

14.52 15.2 16.66 15.62 15.74 23.0 46 th 

14.92 15.61 17.09 16.03 16.15 23.5 47 th 

15.32 16.02 17.52 16.44 16.56 24.0 48 th 

15.72 16.43 17.95 16.85 16.97 24.5 49 th 

16.12 16.84 18.39 17.25 17.36 25.0 50 th 

16.52 17.25 18.82 17.66 17.77 25.5 51 st 

16.92 17.66 19.25 18.07 18.18 26.0 52 nd 

17.32 18.07 19.68 18.48 18.59 26.5 53 rd 

17.72 18.48 20.11 18.89 19 27.0 54 th 

18.12 18.89 20.54 19.3 19.41 27.5 55 th 

18.52 19.3 20.97 19.71 19.82 28.0 56 th 

18.93 19.71 21.41 20.12 20.23 28.5 57 th 

19.34 20.12 21.85 20.53 20.64 29.0 58 th 

19.76 20.54 22.29 20.94 21.05 29.5 59 th 

20.18 20.96 22.74 21.35 21.46 30.0 60 th 

31.31 35.91 17.95 17.71 17.76 
permeability 

percentage (%) 
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Result of Permeability for Adasia  0/12.5 and  Sand  0/0.6 as Base course layer at 

rainfall intensity=45 mm/h 
 

Table (4.8): Cumulative outflow for all model at (RI=45 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0.1 0.18 0.15 0.15 0.75 1 st 

0 0.2 0.36 0.3 0.3 1.50 2 nd 

0.2 0.35 0.56 0.48 0.48 2.25 3 rd 

0.4 0.55 0.82 0.73 0.73 3.00 4 th 

0.62 0.77 1.07 0.98 0.98 3.75 5 th 

0.84 1.02 1.4 1.28 1.28 4.50 6 th 

1.09 1.27 1.78 1.63 1.63 5.25 7 th 

1.37 1.57 2.17 2.01 2.03 6.00 8 th 

1.67 1.89 2.55 2.39 2.43 6.75 9 th 

1.97 2.24 2.95 2.77 2.83 7.50 10 th 

2.3 2.62 3.35 3.17 3.23 8.25 11 th 

2.63 3 3.77 3.57 3.63 9.00 12 th 

2.98 3.4 4.19 3.97 4.03 9.75 13 th 

3.33 3.8 4.62 4.39 4.45 10.50 14 th 

3.71 4.2 5.05 4.81 4.87 11.25 15 th 

4.09 4.62 5.51 5.23 5.32 12.00 16 th 

4.49 5.04 5.98 5.65 5.77 12.75 17 th 

4.89 5.46 6.45 6.1 6.27 13.50 18 th 

5.29 5.88 6.92 6.58 6.77 14.25 19 th 

5.69 6.33 7.4 7.06 7.29 15.00 20 th 

6.11 6.78 7.9 7.54 7.82 15.75 21 st 

6.53 7.23 8.42 8.04 8.36 16.50 22 nd 

6.95 7.71 8.94 8.54 8.9 17.25 23 rd 

7.37 8.19 9.46 9.04 9.45 18.00 24 th 

7.82 8.69 9.98 9.56 10 18.75 25 th 

8.27 9.19 10.52 10.08 10.55 19.50 26 th 

8.72 9.69 11.07 10.6 11.1 20.25 27 th 

9.2 10.19 11.62 11.12 11.66 21.00 28 th 

9.7 10.71 12.17 11.64 12.22 21.75 29 th 

10.2 11.23 12.72 12.17 12.75 22.50 30 th 

10.7 11.75 13.26 12.7 13.29 23.25 31 st 

11.2 12.27 13.82 13.23 13.84 24.00 32 nd 

11.72 12.81 14.38 13.77 14.38 24.75 33 rd 

12.24 13.35 14.94 14.32 14.93 25.50 34 th 

12.76 13.89 15.5 14.88 15.49 26.25 35 th 

13.28 14.43 16.06 15.43 16.04 27.00 36 th 

13.8 14.97 16.62 15.97 16.58 27.75 37 th 

14.35 15.52 17.19 16.52 17.13 28.50 38 th 

14.9 16.07 17.77 17.07 17.68 29.25 39 th 

15.45 16.62 18.35 17.67 18.28 30.00 40 th 

16 17.19 18.95 18.27 18.88 30.75 41 st 

16.55 17.76 19.55 18.87 19.48 31.50 42 nd 

17.1 18.33 20.15 19.47 20.08 32.25 43 rd 



www.manaraa.com

 Appendices 

 

-97- 
 

Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

17.68 18.91 20.77 20.07 20.68 33.00 44 th 

18.26 19.49 21.39 20.67 21.28 33.75 45 th 

18.84 20.09 22.01 21.27 21.88 34.50 46 th 

19.44 20.69 22.63 21.87 22.48 35.25 47 th 

20.04 21.29 23.27 22.49 23.1 36.00 48 th 

20.64 21.89 23.91 23.11 23.72 36.75 49 th 

21.24 22.51 24.55 23.73 24.34 37.50 50 th 

21.84 23.13 25.19 24.35 24.96 38.25 51 st 

22.46 23.77 25.83 24.99 25.6 39.00 52 nd 

23.08 24.42 26.49 25.64 26.25 39.75 53 rd 

23.7 25.07 27.15 26.29 26.9 40.50 54 th 

24.32 25.72 27.81 26.94 27.55 41.25 55 th 

24.94 26.37 28.47 27.59 28.2 42.00 56 th 

25.56 27.02 29.13 28.24 28.85 42.75 57 th 

26.18 27.67 29.79 28.89 29.5 43.50 58 th 

26.8 28.33 30.46 29.56 30.17 44.25 59 th 

27.42 28.99 31.13 30.23 30.84 45.00 60 th 

35.56 38.83 35.79 31.79 39.76 
permeability 

percentage (%) 
 

 

Result of Permeability for Adasia  0/12.5 and  Sand  0/0.6 as Base course layer at 

rainfall intensity=60 mm/h 
 

Table (A.9): Cumulative outflow for all model at (RI=60 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0.15 0.25 0.37 0.3 0.35 1 1 st 

0.3 0.5 0.74 0.6 0.7 2 2 nd 

0.5 0.8 1.09 0.98 1.03 3 3 rd 

0.75 1.15 1.45 1.36 1.37 4 4 th 

1.03 1.5 1.81 1.74 1.72 5 5 th 

1.33 1.85 2.17 2.12 2.12 6 6 th 

1.65 2.23 2.57 2.52 2.52 7 7 th 

2 2.61 2.97 2.92 2.92 8 8 th 

2.35 2.99 3.42 3.32 3.36 9 9 th 

2.73 3.39 3.87 3.74 3.81 10 10 th 

3.11 3.79 4.32 4.16 4.26 11 11 th 

3.51 4.19 4.82 4.58 4.76 12 12 th 

3.91 4.59 5.32 5 5.28 13 13 th 

4.31 5.01 5.84 5.44 5.8 14 14 th 

4.71 5.43 6.36 5.89 6.32 15 15 th 

5.13 5.88 6.88 6.34 6.87 16 16 th 

5.55 6.33 7.41 6.79 7.42 17 17 th 

5.97 6.78 7.96 7.24 7.97 18 18 th 

6.42 7.26 8.51 7.76 8.52 19 19 th 

6.87 7.74 9.08 8.3 9.09 20 20 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

7.32 8.24 9.65 8.87 9.66 21 21 st 

7.8 8.74 10.23 9.44 10.24 22 22 nd 

8.28 9.27 10.81 10.01 10.82 23 23 rd 

8.78 9.82 11.39 10.58 11.4 24 24 th 

9.28 10.37 11.99 11.15 11.98 25 25 th 

9.78 10.95 12.59 11.75 12.58 26 26 th 

10.32 11.53 13.23 12.35 13.2 27 27 th 

10.86 12.13 13.87 12.97 13.8 28 28 th 

11.41 12.73 14.51 13.59 14.42 29 29 th 

11.96 13.35 15.14 14.21 15.04 30 30 th 

12.54 13.97 15.78 14.83 15.66 31 31 st 

13.12 14.61 16.42 15.47 16.28 32 32 nd 

13.7 15.25 17.06 16.11 16.92 33 33 rd 

14.3 15.89 17.7 16.75 17.56 34 34 th 

14.9 16.53 18.34 17.39 18.2 35 35 th 

15.52 17.18 18.98 18.03 18.84 36 36 th 

16.14 17.83 19.63 18.67 19.49 37 37 th 

16.76 18.48 20.29 19.33 20.14 38 38 th 

17.38 19.13 20.95 19.99 20.79 39 39 th 

18 19.78 21.61 20.65 21.44 40 40 th 

18.62 20.43 22.27 21.31 22.09 41 41 st 

19.27 21.08 22.93 21.97 22.75 42 42 nd 

19.92 21.74 23.6 22.63 23.41 43 43 rd 

20.57 22.4 24.27 23.29 24.07 44 44 th 

21.22 23.07 24.94 23.96 24.73 45 45 th 

21.87 23.73 25.61 24.62 25.39 46 46 th 

22.52 24.39 26.28 25.28 26.05 47 47 th 

23.2 25.05 26.96 25.94 26.71 48 48 th 

23.88 25.73 27.64 26.62 27.37 49 49 th 

24.56 26.41 28.32 27.3 28.05 50 50 th 

25.24 27.11 29 28 28.73 51 51 st 

25.92 27.81 29.68 28.7 29.41 52 52 nd 

26.62 28.51 30.38 29.41 30.1 53 53 rd 

27.32 29.21 31.08 30.11 30.78 54 54 th 

28.02 29.91 31.78 30.83 31.48 55 55 th 

28.72 30.61 32.51 31.55 32.18 56 56 th 

29.42 31.31 33.24 32.27 32.88 57 57 th 

30.12 32.01 33.98 32.99 33.6 58 58 th 

30.82 32.73 34.72 33.71 34.32 59 59 th 

31.52 33.45 35.46 34.43 35.04 60 60 th 

73.76 77.17 75.75 71.69 79.85 
permeability 

percentage (%) 
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Result of Permeability for Adasia  0/12.5 and  Sand  0/0.6 as Base course layer at 

rainfall intensity= 120 mm/h 

Table (4.10): Cumulative outflow for all model at (RI=120 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0.25 0.4 0.6 0.52 0.56 2 1 st 

0.4 0.65 0.95 0.84 0.9 4 2 nd 

0.6 0.95 1.4 1.19 1.33 6 3 rd 

0.9 1.3 1.9 1.59 1.85 8 4 th 

1.25 1.68 2.42 2.04 2.39 10 5 th 

1.63 2.08 2.94 2.54 2.95 12 6 th 

2.01 2.51 3.54 3.04 3.54 14 7 th 

2.41 2.96 4.14 3.56 4.13 16 8 th 

2.81 3.44 4.74 4.08 4.72 18 9 th 

3.23 3.94 5.34 4.6 5.31 20 10 th 

3.65 4.44 5.94 5.15 5.91 22 11 th 

4.07 4.94 6.56 5.73 6.53 24 12 th 

4.52 5.49 7.18 6.31 7.15 26 13 th 

4.97 6.04 7.8 6.91 7.77 28 14 th 

5.45 6.59 8.45 7.53 8.41 30 15 th 

5.93 7.17 9.1 8.15 9.06 32 16 th 

6.41 7.75 9.76 8.77 9.72 34 17 th 

6.89 8.33 10.44 9.39 10.4 36 18 th 

7.39 8.91 11.09 10.03 11.04 38 19 th 

7.89 9.49 11.74 10.67 11.67 40 20 th 

8.39 10.13 12.4 11.31 12.33 42 21 st 

8.94 10.77 13.05 11.96 12.97 44 22 nd 

9.49 11.41 13.7 12.61 13.62 46 23 rd 

10.07 12.05 14.35 13.25 14.26 48 24 th 

10.65 12.69 15.01 13.9 14.92 50 25 th 

11.25 13.34 15.68 14.58 15.59 52 26 th 

11.85 13.99 16.34 15.23 16.24 54 27 th 

12.45 14.64 17 15.88 16.9 56 28 th 

13.05 15.3 17.66 16.54 17.56 58 29 th 

13.67 15.95 18.31 17.19 18.21 60 30 th 

14.29 16.6 18.99 17.84 18.88 62 31 st 

14.94 17.25 19.67 18.49 19.54 64 32 nd 

15.6 17.9 20.35 19.16 20.2 66 33 rd 

16.28 18.55 21.02 19.83 20.86 68 34 th 

16.96 19.2 21.69 20.51 21.53 70 35 th 

17.66 19.88 22.36 21.19 22.2 72 36 th 

18.36 20.56 23.04 21.87 22.86 74 37 th 

19.06 21.24 23.72 22.55 23.53 76 38 th 

19.76 21.92 24.4 23.23 24.2 78 39 th 

20.46 22.6 25.08 23.91 24.87 80 40 th 

21.18 23.28 25.76 24.61 25.55 82 41 st 

21.88 23.96 26.44 25.33 26.23 84 42 nd 

22.6 24.64 27.12 26.03 26.91 86 43 rd 

23.32 25.34 27.8 26.73 27.59 88 44 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

24.04 26.04 28.5 27.43 28.26 90 45 th 

24.76 26.74 29.2 28.13 28.94 92 46 th 

25.5 27.44 29.88 28.81 29.62 94 47 th 

26.23 28.14 30.58 29.51 30.32 96 48 th 

26.96 28.84 31.28 30.21 31.02 98 49 th 

27.7 29.56 32 30.93 31.72 100 50 th 

28.44 30.28 32.75 31.66 32.46 102 51 st 

29.18 31 33.5 32.41 33.23 104 52 nd 

29.92 31.73 34.25 33.16 33.99 106 53 rd 

30.66 32.46 35.02 33.91 34.73 108 54 th 

31.4 33.21 35.79 34.66 35.48 110 55 th 

32.14 33.96 36.56 35.41 36.25 112 56 th 

32.88 34.71 37.33 36.16 37.03 114 57 th 

33.62 35.46 38.1 36.91 37.8 116 58 th 

34.36 36.21 38.9 37.67 38.59 118 59 th 

35.1 36.98 39.7 38.43 39.37 120 60 th 

35.37 65.93 66.59 63.56 63.97 
permeability 

percentage (%) 
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Result of Permeability for Adasia  0/12.5 and  Simsimia 0/9.5 as Base course 

layer at rainfall intensity=15 mm/h 
 

Table (A.11): Cumulative outflow for all model at (RI=15 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0 0 0 0.25 1 st 

0 0 0 0 0 0.50 2 nd 

0 0 0.1 0 0.08 0.75 3 rd 

0 0.1 0.24 0.12 0.2 1.00 4 th 

0.08 0.22 0.4 0.26 0.34 1.25 5 th 

0.18 0.34 0.56 0.4 0.48 1.50 6 th 

0.3 0.48 0.74 0.54 0.63 1.75 7 th 

0.42 0.62 0.92 0.69 0.79 2.00 8 th 

0.56 0.77 1.1 0.84 0.97 2.25 9 th 

0.7 0.92 1.28 0.99 1.15 2.50 10 th 

0.85 1.07 1.48 1.17 1.34 2.75 11 th 

1 1.22 1.68 1.35 1.54 3.00 12 th 

1.15 1.4 1.88 1.53 1.74 3.25 13 th 

1.3 1.58 2.08 1.73 1.94 3.50 14 th 

1.45 1.76 2.3 1.93 2.14 3.75 15 th 

1.6 1.94 2.52 2.13 2.36 4.00 16 th 

1.78 2.14 2.74 2.33 2.58 4.25 17 th 

1.96 2.34 2.96 2.55 2.8 4.50 18 th 

2.14 2.54 3.2 2.77 3.03 4.75 19 th 

2.34 2.74 3.44 2.99 3.26 5.00 20 th 

2.54 2.96 3.69 3.21 3.49 5.25 21 st 

2.74 3.18 3.94 3.43 3.73 5.50 22 nd 

2.94 3.4 4.19 3.65 3.97 5.75 23 rd 

3.14 3.62 4.44 3.89 4.21 6.00 24 th 

3.34 3.84 4.69 4.13 4.45 6.25 25 th 

3.54 4.06 4.94 4.37 4.69 6.50 26 th 

3.76 4.29 5.19 4.61 4.93 6.75 27 th 

3.98 4.52 5.44 4.85 5.17 7.00 28 th 

4.2 4.75 5.69 5.09 5.41 7.25 29 th 

4.42 4.98 5.94 5.33 5.66 7.50 30 th 

4.64 5.21 6.19 5.57 5.91 7.75 31 st 

4.87 5.44 6.44 5.81 6.16 8.00 32 nd 

5.1 5.67 6.69 6.05 6.41 8.25 33 rd 

5.34 5.9 6.94 6.3 6.66 8.50 34 th 

5.58 6.13 7.19 6.55 6.91 8.75 35 th 

5.82 6.37 7.44 6.8 7.16 9.00 36 th 

6.06 6.61 7.69 7.05 7.41 9.25 37 th 

6.3 6.85 7.94 7.3 7.66 9.50 38 th 

6.54 7.09 8.19 7.55 7.91 9.75 39 th 

6.78 7.34 8.44 7.8 8.16 10.00 40 th 

7.02 7.59 8.69 8.05 8.41 10.25 41 st 

7.26 7.84 8.94 8.3 8.66 10.50 42 nd 

7.5 8.09 9.19 8.55 8.91 10.75 43 rd 

7.74 8.34 9.44 8.8 9.16 11.00 44 th 

7.98 8.59 9.69 9.05 9.41 11.25 45 th 

8.22 8.84 9.94 9.3 9.66 11.50 46 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

8.47 9.09 10.19 9.55 9.91 11.75 47 th 

8.72 9.34 10.44 9.8 10.16 12.00 48 th 

8.97 9.59 10.69 10.05 10.41 12.25 49 th 

9.22 9.84 10.94 10.3 10.66 12.50 50 th 

9.47 10.09 11.19 10.55 10.91 12.75 51 st 

9.72 10.34 11.44 10.8 11.16 13.00 52 nd 

9.97 10.59 11.69 11.05 11.41 13.25 53 rd 

10.22 10.84 11.94 11.3 11.66 13.50 54 th 

10.47 11.09 12.19 11.55 11.91 13.75 55 th 

10.72 11.34 12.44 11.8 12.16 14.00 56 th 

10.97 11.59 12.69 12.05 12.41 14.25 57 th 

11.22 11.84 12.94 12.3 12.66 14.50 58 th 

11.47 12.09 13.19 12.55 12.91 14.75 59 th 

11.72 12.34 13.44 12.8 13.16 15.00 60 th 

19.76 93.31 95.35 97.66 91.16 
permeability 

percentage (%) 

 
 

Result of Permeability for Adasia  0/12.5 and  Simsimia 0/9.5 as Base course 

layer at rainfall intensity=30 mm/h 
 

Table (A.12): Cumulative outflow for all model at (RI=30 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0 0 0.19 0.1 0.14 0.5 1 st 

0 0 0.38 0.2 0.28 1.0 2 nd 

0.15 0.2 0.59 0.39 0.46 1.5 3 rd 

0.35 0.45 0.85 0.63 0.7 2.0 4 th 

0.6 0.73 1.14 0.92 0.99 2.5 5 th 

0.85 1.01 1.46 1.21 1.29 3.0 6 th 

1.13 1.29 1.8 1.51 1.61 3.5 7 th 

1.43 1.59 2.14 1.84 1.95 4.0 8 th 

1.73 1.89 2.51 2.17 2.33 4.5 9 th 

2.03 2.22 2.9 2.53 2.71 5.0 10 th 

2.33 2.55 3.29 2.89 3.09 5.5 11 th 

2.65 2.9 3.68 3.27 3.52 6.0 12 th 

2.97 3.28 4.07 3.7 3.95 6.5 13 th 

3.32 3.66 4.5 4.13 4.38 7.0 14 th 

3.67 4.04 4.93 4.56 4.83 7.5 15 th 

4.02 4.42 5.36 4.99 5.28 8.0 16 th 

4.37 4.82 5.81 5.42 5.73 8.5 17 th 

4.75 5.22 6.26 5.85 6.18 9.0 18 th 

5.13 5.62 6.71 6.3 6.63 9.5 19 th 

5.5 6.04 7.16 6.75 7.08 10.0 20 th 

5.88 6.46 7.64 7.21 7.53 10.5 21 st 

6.26 6.88 8.12 7.66 7.98 11.0 22 nd 

6.66 7.3 8.6 8.11 8.43 11.5 23 rd 

7.06 7.72 9.08 8.57 8.89 12.0 24 th 

7.46 8.15 9.56 9.03 9.35 12.5 25 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

7.86 8.6 10.03 9.5 9.82 13.0 26 th 

8.26 9.05 10.49 9.96 10.28 13.5 27 th 

8.66 9.5 10.97 10.42 10.74 14.0 28 th 

9.08 9.95 11.45 10.88 11.2 14.5 29 th 

9.5 10.41 11.93 11.33 11.65 15.0 30 th 

9.92 10.87 12.41 11.79 12.11 15.5 31 st 

10.34 11.33 12.89 12.26 12.58 16.0 32 nd 

10.76 11.79 13.36 12.72 13.04 16.5 33 rd 

11.21 12.26 13.83 13.19 13.51 17.0 34 th 

11.66 12.73 14.31 13.66 13.99 17.5 35 th 

12.11 13.2 14.77 14.12 14.45 18.0 36 th 

12.56 13.67 15.23 14.58 14.91 18.5 37 th 

13.01 14.14 15.7 15.05 15.38 19.0 38 th 

13.46 14.61 16.17 15.52 15.86 19.5 39 th 

13.91 15.08 16.64 15.98 16.34 20.0 40 th 

14.36 15.55 17.11 16.44 16.82 20.5 41 st 

14.81 16.02 17.58 16.9 17.27 21.0 42 nd 

15.27 16.49 18.06 17.36 17.73 21.5 43 rd 

15.73 16.96 18.54 17.83 18.2 22.0 44 th 

16.19 17.43 19.02 18.29 18.66 22.5 45 th 

16.65 17.9 19.5 18.76 19.12 23.0 46 th 

17.12 18.37 19.98 19.24 19.58 23.5 47 th 

17.58 18.83 20.46 19.71 20.05 24.0 48 th 

18.03 19.3 20.92 20.17 20.52 24.5 49 th 

18.49 19.76 21.39 20.64 20.99 25.0 50 th 

18.95 20.23 21.86 21.11 21.46 25.5 51 st 

19.41 20.7 22.33 21.58 21.94 26.0 52 nd 

19.87 21.16 22.81 22.06 22.42 26.5 53 rd 

20.33 21.63 23.28 22.53 22.9 27.0 54 th 

20.8 22.1 23.75 23 23.38 27.5 55 th 

21.27 22.57 24.22 23.47 23.86 28.0 56 th 

21.74 23.04 24.69 23.94 24.34 28.5 57 th 

22.21 23.51 25.17 24.41 24.84 29.0 58 th 

22.68 23.98 25.65 24.88 25.34 29.5 59 th 

23.15 24.45 26.13 25.35 25.84 30.0 60 th 

11.71 97.75 91.75 98.75 93.76 
permeability 

percentage (%) 
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Result of Permeability for Adasia  0/12.5 and  Simsimia 0/9.5 as Base course 

layer at rainfall intensity=45 mm/h 
 

Table (A.13): Cumulative outflow for all model at (RI=45 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0.35 0.36 0.55 0.43 0.48 0.75 1 st 

0.55 0.56 0.85 0.68 0.76 1.50 2 nd 

0.77 0.8 1.17 1.05 1.11 2.25 3 rd 

1.05 1.1 1.52 1.42 1.49 3.00 4 th 

1.35 1.45 1.9 1.79 1.89 3.75 5 th 

1.69 1.85 2.3 2.18 2.34 4.50 6 th 

2.07 2.26 2.75 2.62 2.84 5.25 7 th 

2.47 2.68 3.23 3.11 3.34 6.00 8 th 

2.89 3.13 3.73 3.65 3.89 6.75 9 th 

3.31 3.61 4.28 4.24 4.47 7.50 10 th 

3.76 4.11 4.83 4.83 5.07 8.25 11 th 

4.21 4.61 5.41 5.42 5.7 9.00 12 th 

4.69 5.11 6.01 6.01 6.33 9.75 13 th 

5.17 5.63 6.61 6.62 6.96 10.5 14 th 

5.67 6.18 7.21 7.23 7.61 11.25 15 th 

6.15 6.73 7.86 7.87 8.26 12.00 16 th 

6.65 7.28 8.51 8.51 8.91 12.75 17 th 

7.15 7.86 9.16 9.13 9.54 13.50 18 th 

7.67 8.44 9.81 9.78 10.19 14.25 19 th 

8.19 9.04 10.46 10.42 10.84 15.00 20 th 

8.71 9.64 11.13 11.06 11.49 15.75 21 st 

9.23 10.24 11.79 11.7 12.14 16.50 22 nd 

9.77 10.86 12.45 12.34 12.79 17.25 23 rd 

10.31 11.48 13.11 12.98 13.44 18.00 24 th 

10.86 12.1 13.78 13.62 14.09 18.75 25 th 

11.41 12.72 14.44 14.26 14.74 19.50 26 th 

11.97 13.36 15.11 14.9 15.39 20.25 27 th 

12.53 14 15.79 15.55 16.04 21.00 28 th 

13.11 14.64 16.46 16.2 16.71 21.75 29 th 

13.71 15.28 17.13 16.85 17.38 22.50 30 th 

14.33 15.93 17.83 17.5 18.06 23.25 31 st 

14.95 16.58 18.53 18.18 18.75 24.00 32 nd 

15.57 17.23 19.23 18.86 19.45 24.75 33 rd 

16.21 17.88 19.92 19.54 20.14 25.50 34 th 

16.86 18.56 20.62 20.22 20.84 26.25 35 th 

17.51 19.24 21.34 20.9 21.55 27.00 36 th 

18.19 19.92 22.04 21.58 22.24 27.75 37 th 

18.87 20.6 22.74 22.26 22.92 28.50 38 th 

19.55 21.3 23.44 22.94 23.62 29.25 39 th 

20.23 22 24.15 23.62 24.33 30.00 40 th 

20.91 22.7 24.86 24.32 25.04 30.75 41 st 

21.59 23.4 25.57 25.02 25.75 31.50 42 nd 

22.27 24.1 26.27 25.71 26.43 32.25 43 rd 

22.97 24.8 26.97 26.39 27.12 33.00 44 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

23.67 25.5 27.67 27.08 27.82 33.75 45 th 

24.37 26.2 28.36 27.77 28.51 34.50 46 th 

25.07 26.9 29.06 28.46 29.21 35.25 47 th 

25.77 27.6 29.78 29.16 29.92 36.00 48 th 

26.47 28.3 30.5 29.86 30.62 36.75 49 th 

27.17 29 31.22 30.56 31.31 37.50 50 th 

27.87 29.7 31.94 31.26 32.01 38.25 51 st 

28.57 30.4 32.66 31.96 32.71 39.00 52 nd 

29.27 31.1 33.38 32.66 33.41 39.75 53 rd 

29.96 31.8 34.09 33.36 34.12 40.50 54 th 

30.66 32.5 34.81 34.06 34.82 41.25 55 th 

31.37 33.21 35.53 34.77 35.52 42.00 56 th 

32.08 33.92 36.25 35.48 36.24 42.75 57 th 

32.79 34.63 36.99 36.19 36.96 43.50 58 th 

33.5 35.34 37.73 36.9 37.68 44.25 59 th 

34.21 36.05 38.48 37.61 38.41 45.00 60 th 

13.53 95.77 97.77 96.79 97.63 
permeability 

percentage (%) 
 

 

Result of Permeability for Adasia  0/12.5 and  Simsimia 0/9.5 as Base course 

layer at rainfall intensity= 60 mm/h 
 

Table (A.14): Cumulative outflow for all model at (RI=60 mm/h) 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

0.43 0.5 0.8 0.75 0.76 1 1 st 

0.68 0.8 1.3 1.25 1.3 2 2 nd 

1 1.15 1.9 1.8 1.85 3 3 rd 

1.35 1.53 2.5 2.35 2.42 4 4 th 

1.73 1.93 3.1 2.9 3.01 5 5 th 

2.11 2.38 3.75 3.5 3.67 6 6 th 

2.51 2.88 4.43 4.15 4.35 7 7 th 

2.94 3.43 5.13 4.8 5.03 8 8 th 

3.39 4.03 5.85 5.5 5.74 9 9 th 

3.87 4.65 6.57 6.2 6.46 10 10 th 

4.37 5.27 7.32 6.92 7.21 11 11 th 

4.89 5.92 8.07 7.66 7.95 12 12 th 

5.44 6.62 8.82 8.4 8.68 13 13 th 

6.02 7.32 9.57 9.15 9.43 14 14 th 

6.62 8.02 10.32 9.89 10.17 15 15 th 

7.25 8.74 11.09 10.64 10.93 16 16 th 

7.9 9.46 11.86 11.39 11.7 17 17 th 

8.55 10.18 12.64 12.14 12.46 18 18 th 

9.2 10.9 13.41 12.89 13.21 19 19 th 

9.85 11.62 14.18 13.64 13.96 20 20 th 

10.53 12.34 14.95 14.39 14.71 21 21 st 

11.21 13.06 15.72 15.15 15.47 22 22 nd 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

11.89 13.8 16.49 15.91 16.23 23 23 rd 

12.59 14.54 17.26 16.67 16.99 24 24 th 

13.29 15.28 18.03 17.42 17.74 25 25 th 

13.98 16.02 18.83 18.17 18.49 26 26 th 

14.68 16.76 19.63 18.92 19.24 27 27 th 

15.38 17.51 20.43 19.67 20 28 28 th 

16.1 18.26 21.23 20.44 20.77 29 29 th 

16.82 19.01 22.03 21.21 21.54 30 30 th 

17.54 19.78 22.82 21.98 22.33 31 31 st 

18.29 20.55 23.62 22.77 23.12 32 32 nd 

19.04 21.32 24.42 23.56 23.91 33 33 rd 

19.79 22.12 25.22 24.36 24.71 34 34 th 

20.54 22.92 26.02 25.16 25.51 35 35 th 

21.32 23.72 26.82 25.96 26.31 36 36 th 

22.1 24.52 27.62 26.76 27.11 37 37 th 

22.88 25.32 28.44 27.58 27.93 38 38 th 

23.66 26.12 29.26 28.4 28.75 39 39 th 

24.45 26.92 30.08 29.22 29.57 40 40 th 

25.24 27.72 30.9 30.04 30.39 41 41 st 

26.04 28.54 31.72 30.86 31.21 42 42 nd 

26.84 29.36 32.54 31.68 32.03 43 43 rd 

27.64 30.18 33.36 32.5 32.85 44 44 th 

28.44 31 34.18 33.32 33.67 45 45 th 

29.24 31.82 35 34.14 34.49 46 46 th 

30.04 32.64 35.83 34.96 35.32 47 47 th 

30.86 33.46 36.67 35.78 36.16 48 48 th 

31.68 34.28 37.51 36.6 37 49 49 th 

32.5 35.1 38.35 37.44 37.84 50 50 th 

33.32 35.92 39.19 38.28 38.68 51 51 st 

34.14 36.76 40.04 39.12 39.52 52 52 nd 

34.96 37.6 40.89 39.96 40.36 53 53 rd 

35.78 38.44 41.74 40.8 41.2 54 54 th 

36.6 39.28 42.59 41.64 42.04 55 55 th 

37.44 40.12 43.44 42.48 42.88 56 56 th 

38.28 40.96 44.3 43.33 43.73 57 57 th 

39.12 41.8 45.16 44.18 44.58 58 58 th 

39.96 42.64 46.03 45.03 45.43 59 59 th 

40.8 43.49 46.91 45.88 46.28 60 60 th 

39.55 13.89 19.79 13.81 11.76 
permeability 

percentage (%) 
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Result of Permeability for Adasia  0/12.5 and  Simsimia 0/9.5 as Base course 

layer at rainfall intensity= 120 mm/h 

Table (A.15): Cumulative outflow for all model at (RI=120 mm/h) 
 

Cumulative outflow (L) 
 Inflow (L) Time (min) 

Model (5) Model (4) Model (3) Model (2)  Model (1) 

1.35 1.5 2.2 1.8 2 2 1 st 

2.15 2.4 3.5 2.8 3.2 4 2 nd 

3.05 3.4 4.8 4 4.45 6 3 rd 

4.05 4.6 6.15 5.3 5.75 8 4 th 

5.25 5.85 7.55 6.6 7.07 10 5 th 

6.5 7.15 8.95 7.95 8.41 12 6 th 

7.77 8.47 10.35 9.3 9.79 14 7 th 

9.07 9.81 11.75 10.67 11.17 16 8 th 

10.37 11.15 13.17 12.06 12.56 18 9 th 

11.67 12.5 14.57 13.46 13.96 20 10 th 

12.97 13.85 15.98 14.86 15.34 22 11 th 

14.28 15.2 17.38 16.26 16.74 24 12 th 

15.59 16.55 18.8 17.66 18.14 26 13 th 

16.9 17.93 20.22 19.06 19.54 28 14 th 

18.22 19.31 21.64 20.48 20.96 30 15 th 

19.54 20.69 23.08 21.93 22.39 32 16 th 

20.86 22.09 24.52 23.37 23.83 34 17 th 

22.17 23.49 25.97 24.83 25.29 36 18 th 

23.49 24.89 27.42 26.25 26.71 38 19 th 

24.81 26.29 28.86 27.69 28.12 40 20 th 

26.13 27.69 30.3 29.13 29.56 42 21 st 

27.45 29.09 31.75 30.57 30.98 44 22 nd 

28.77 30.49 33.2 32.02 32.41 46 23 rd 

30.09 31.91 34.67 33.47 33.83 48 24 th 

31.41 33.33 36.14 34.91 35.27 50 25 th 

32.74 34.75 37.59 36.36 36.72 52 26 th 

34.07 36.17 39.06 37.8 38.15 54 27 th 

35.41 37.59 40.55 39.24 39.59 56 28 th 

36.76 39.01 42.05 40.68 41.03 58 29 th 

38.11 40.41 43.55 42.13 42.46 60 30 th 

39.46 41.81 45.05 43.58 43.91 62 31 st 

40.81 43.23 46.55 45.03 45.35 64 32 nd 

42.16 44.65 48.05 46.48 46.79 66 33 rd 

43.51 46.07 49.55 47.93 48.23 68 34 th 

44.86 47.49 51.05 49.38 49.68 70 35 th 

46.21 48.91 52.55 50.83 51.13 72 36 th 

47.57 50.33 54.05 52.27 52.57 74 37 th 

48.93 51.77 55.55 53.72 54.02 76 38 th 

50.29 53.21 57.05 55.17 55.47 78 39 th 

51.67 54.65 58.53 56.62 56.92 80 40 th 

53.05 56.07 60.03 58.07 58.37 82 41 st 

54.43 57.49 61.53 59.52 59.82 84 42 nd 

55.81 58.93 63.03 60.98 61.28 86 43 rd 

57.19 60.37 64.53 62.44 62.74 88 44 th 
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Cumulative outflow (L) 
 Inflow (L) 

Cont. 
Time (min) Model (5) Model (4) Model (3) Model (2)  Model (1) 

58.57 61.81 66.03 63.91 64.21 90 45 th 

59.95 63.25 67.51 65.39 65.69 92 46 th 

61.33 64.69 69.01 66.89 67.19 94 47 th 

62.71 66.14 70.52 68.39 68.7 96 48 th 

64.11 67.59 72.02 69.89 70.2 98 49 th 

65.51 69.04 73.6 71.41 71.72 100 50 th 

66.91 70.49 75.2 72.92 73.23 102 51 st 

68.31 71.94 76.8 74.44 74.75 104 52 nd 

69.71 73.42 78.4 75.99 76.3 106 53 rd 

71.11 74.9 80 77.59 77.9 108 54 th 

72.53 76.4 81.62 79.21 79.52 110 55 th 

73.95 77.9 83.24 80.83 81.14 112 56 th 

75.37 79.4 84.88 82.47 82.78 114 57 th 

76.79 80.9 86.52 84.11 84.42 116 58 th 

78.21 82.4 88.18 85.76 86.07 118 59 th 

79.63 83.9 89.84 87.41 87.72 120 60 th 

33.63 35.53 18.91 13.98 16.75 
permeability 

percentage (%) 
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Appendix (B) 

Aggregate Tests  
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Sieve analysis Adasia (0/12.5) 
 حصمة عدسية

     

Adasia 

 وزن العينة جافة قبل 
 جم 1390.5 التنخيل

   

0/12.5 

 

         

Notes 
Specifications 

  % Passing 

Commulative 
% Retained 

% 
Retained 

Weight 
Retained 

(gm) 

Sieve 
Opening 

Size 
(mm) 

Sieve 
No. 

  Max Min 
        

      100.0 0.0 0.0 0.0 37.50 1 1/2" 

      100.0 0.0 0.0 0.0 25.00 1" 

      100.0 0.0 0.0 0.0 19.00 3/4" 

      57.2 42.8 42.8 595.5 12.50 1/2" 

      9.8 90.2 47.4 658.5 9.50 3/8" 

      1.0 99.0 8.8 122.5 4.75 #4 

      0.8 99.2 0.2 3.0 2.36 #8 

      0.8 99.2 0.0 0.5 1.18 # 16 

      0.8 99.2 0.0 0.0 0.60 # 30 

      0.7 99.3 0.0 0.5 0.30 #50 

      0.6 99.4 0.1 1.0 0.15 # 100 

      0.5 99.5 0.2 2.5 0.08 # 200 

      0.0 100.0 0.5 6.5 0.00 pan 

            1390.5     
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Sieve analysis Simsimia (0/12.5) 

 حصمة سمسمية
     

Simsimia 

وزن العينة جافة قبل  
 جم 1503.5 التنخيل

   

0/ 9.50 

 

         

Notes 
Specifications 

  % 
Passing 

Commulative 
% Retained 

% 
Retained 

Weight 
Retained 

(gm) 

Sieve 
Opening 

Size (mm) 

Sieve 
No. 

  Max Min 
        

      100.0 0.0 0.0 0.0 37.50 1 1/2" 

      100.0 0.0 0.0 0.0 25.00 1" 

      100.0 0.0 0.0 0.0 19.00 3/4" 

      99.6 0.4 0.4 6.5 12.50 1/2" 

      97.1 2.9 2.4 36.5 9.50 3/8" 

      23.0 77.0 74.1 1114.0 4.75 #4 

      8.6 91.4 14.4 216.5 2.36 #8 

      4.3 95.7 4.4 65.5 1.18 # 16 

      3.9 96.1 0.4 6.5 0.60 # 30 

      3.7 96.3 0.2 3.0 0.30 #50 

      3.4 96.6 0.2 3.5 0.15 # 100 

      2.9 97.1 0.5 8.0 0.08 # 200 

      0.0 100.0 2.9 43.5 0.00 pan 

            1503.5     
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Sieve analysis  Between joints (0/2.36) 
 حصمة الفلاتر

     

Between 

joints 
قبل وزن العينة جافة  

 جم 602 التنخيل
   

0/2.36 

 

         

Notes 
Specifications 

  % 
Passing 

Commulative 
% Retained 

% 
Retained 

Weight 
Retained 

(gm) 

Sieve 
Opening Size 

(mm) 

Sieve 
No. 

  Max Min 
        

      100.0 0.0 0.0 0.0 37.50 1 1/2" 

      100.0 0.0 0.0 0.0 25.00 1" 

      100.0 0.0 0.0 0.0 19.00 3/4" 

      100.0 0.0 0.0 0.0 12.50 1/2" 

      100.0 0.0 0.0 0.0 9.50 3/8" 

      100.0 0.0 0.0 0.0 4.75 #4 

      97.0 3.0 3.0 18.0 2.36 #8 

      41.0 59.0 56.0 337.0 1.18 # 16 

      4.6 95.4 36.5 219.5 0.60 # 30 

      1.3 98.7 3.2 19.5 0.30 #50 

      0.3 99.7 1.0 6.0 0.15 # 100 

      0.1 99.9 0.2 1.5 0.08 # 200 

      0.0 99.9 0.0 0.0 0.00 pan 

            601.5     
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Sieve analysis for natural sand (0/0.6) 

 6.0رمل 
      

Sand 

وزن العينة جافة قبل  
 جم 831 التنخيل

   

0/0.6 

 

         

Notes 
Specifications 

  % 
Passing 

Commulative 
% Retained 

% 
Retained 

Weight 
Retained 

(gm) 

Sieve 
Opening Size 

(mm) 

Sieve 
No. 

  Max Min 
        

      100.0 0.0 0.0 0.0 37.50 1 1/2" 

      100.0 0.0 0.0 0.0 25.00 1" 

      100.0 0.0 0.0 0.0 19.00 3/4" 

      100.0 0.0 0.0 0.0 12.50 1/2" 

      100.0 0.0 0.0 0.0 9.50 3/8" 

      100.0 0.0 0.0 0.0 4.75 #4 

      100.0 0.0 0.0 0.0 2.36 #8 

      99.9 0.1 0.1 1.0 1.18 # 16 

      99.6 0.4 0.3 2.5 0.60 # 30 

      93.7 6.3 5.8 48.5 0.30 #50 

      2.0 98.0 91.8 762.5 0.15 # 100 

      0.2 99.8 1.8 15.0 0.08 # 200 

      0.0 99.9 0.1 1.0 0.00 pan 

            830.5     

          

 
 

       

 

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

         

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

100.0

0.01 0.10 1.00 10.00 100.00

Sa
m

p
le

 P
as

si
n

g 
%

 

Sieve opening size (mm) Sand 0/0.6



www.manaraa.com

 Appendices 

 

-114- 
 

         Sieve analysis for all Aggregate 

        

 

Sample Passing % 
Sieve 
No. # 

Sieve 
Opening 

Size (mm) 

 

 

Sand Between joints Simsimia Adasia 
 

 

0/0.6 0/2.36 0/ 9.50 0/ 12.5 
 

 

100 100 100 100 3/4" 19 
 

 

100 100 99.6 57.2 1/2" 12.5 
 

 

100 100 97.1 9.8 3/8" 9.5 
 

 

100 100 23 1 # 4 4.75 
 

 

100 97 8.6 0.8 # 8 2.36 
 

 

99.9 41 4.3 0.8 # 16 1.18 
 

 

99.6 4.6 3.9 0.8 # 30 0.6 
 

 

93.7 1.3 3.7 0.7 # 50 0.3 
 

 

2 0.3 3.4 0.6 # 100 0.15 
 

 

0.2 0.1 2.9 0.5 # 200 0.075 
 

 

0.0 0.0 0.0 0.0 pan 
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Appendix (C) 

Interlock Tile Tests  
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Appendix (D) 

Photos Show the Method of the Work 
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Figure (D.1): Construction of experimental     

steel box 
 Figure (D.2): Preparation of experimental 

steel box 
 

 

 

 

Figure (D.3): Good closing to prevent leakage  

of the water   
 Figure (D.4): Experimental steel box with   

rainfall simulator     

 

 

 

Figure (D.5): Experimental steel box before 

materials  
 Figure (D.6): Partial closing to prevent the 

entry of sand 

 
 



www.manaraa.com

 Appendices 

 

-122- 
 

 

 

 

 
Figure (D.7): Interlock tiles sitting on top of 

bedding layer 
 Figure (D.8): Aggregates preparing as 

base course material 

 

 

 

 
Figure (D.9): Used Aggregates 

 
 Figure (D.10): Filling material between 

joints 

 

 

 
Figure (D.11): Sieve analysis test 

 

 Figure (D.12): Weighting samples 
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Figure (D.12): Recording the results of Sieve 

analysis 

 

 
Figure (D.13):  Joints between interlock tiles 

 

 

 

Figure (D.14): Calibration for nozzles to get 

uniform intensity of water 

 Figure (D.15): Water permeability at the 

surface of pavement 

 

 

 

 

 
Figure (D.16): Measuring infiltrated water from pavement 

  

 

 


