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Feasibility of Using Recycled Asphalt Pavement Materials as Subbase
Material for Road Construction in Palestine

By
Ala’ Hejazi Suleiman Gnuimat
Supervisor
Prof. Khaled Al Sahili

Abstract

Background: Road construction material is generally limited worldwide, including
developing countries, in addition to their high prices and transportation cost. Previous
studies on the use of recycled asphalt pavement (RAP) showed different percentages of
the optimum RAP in the aggregate mix, which confirms the need for additional research

in this field.

Problem Definition & Objectives: The lack of natural resources significantly impacts
the construction sector. The need for aggregates will grow as pavement development
increases and the aggregate requirements need to be met. To produce better materials that
are consistent with the requirements for subbase material, the study aims to determine
whether it is possible to use RAP materials in the subbase by examining the viability of
reusing milling material and combining RAP with natural materials in specific

proportions.

Methodology: The methodology included collecting three samples of milling material
from each of three study streets in Ramallah and Al-Bireh Governorate, then mixing them
with subbase materials in specific proportions. A mixture of the two materials was made
in varying proportions (10-60%) and the number of mixed samples was a total of 11

samples; each sample was lab tested three times.

Results: The study's findings demonstrated that the quality of subbase materials can be
improved by combining RAP materials with natural materials. It is also possible to
improve these materials and address their deficiencies by blending them with RAP
materials in proportions of (20-50%), resulting in a mixture with excellent properties and
a cost reduction of more than a one third (33%). An optimum mixing ratio of 32.5% was

attained in terms of the proctor test, sand equivalent, and California Bearing Ratio.
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Conclusions: At the optimum mix percentage, the mechanical properties of the mixture
significantly improve. It was also possible to obtain materials with better properties so

that its specifications are met up to 50% mix proportion.

By using these materials, it is possible to save a one third of the cost as compared to the
traditional cost when mixing by 30%, and to reduce the thickness of the subbase from 20

cm to 15 cm while maintaining the same efficiency.

Keywords: RAP, subbase, mixture, Palestine.
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Chapter One

Introduction

1.1 Theoretical Basis

The Recycled (or more commonly referred to as Reclaimed) Asphalt Pavement (RAP) is
a good quality material that can take the place of costly natural aggregates (NA). These
materials, which results from milling existing asphalt, could be used as a base or subbase
aggregate material during road construction and rehabilitation processes, and could also
be used in asphalt mixture. The use of RAP might be an effective and attractive approach
for some areas in Palestine, where the necessary natural subbase materials are not
available, or have weak rock strength. The use of RAP, which is usually considered as a
wasted material, can be economically and environmentally feasible, which could be a
competitive alternative for natural aggregates, and can reduce the construction costs even

in areas where the suitable materials are available for use as subbase materials.

The recycling process of materials resulting from milling asphalt is not new, as it has been
receiving global attention. Many countries around the world have worked on this through
the use of modern equipment, such as hot in-place recycling (HIR), by utilizing a mobile
asphalt plant configured to operate in a continuous train alongside a regular paver and
compaction tools, Full Depth Reclamation (FDR) to recycle asphalt layers and the
subbase in full depth, and Cold In-Place Recycling (CIR) machines to recycle cold asphalt
layers, in addition to the use of many agencies around the world of these materials to
prepare asphalt mixtures. This is due to the impact of using recycled material on raising
the efficiency of road maintenance work, speeding up the completion, preserving the

environment, and reducing costs (1).

1.2 Problem Definition

Material recycling is receiving a serious global attention due to the limited natural
resources. Recycling of construction materials in particular is one of the main concerns
in this regard for many reasons. This includes the lack of natural materials Compatible
with the required Jordanian’s technical specifications for road construction specially in
some areas in Palestine such as Jericho, the relatively high material cost, the high

transporting costs, the lack of necessary landfills in most Palestinian areas, as a result of



the Israeli control on most lands outside the Palestinian urban areas, and the

environmental considerations.

Large amounts of milling material are produced in Egypt, particularly as a result of
the country's booming economy, population, and consumerism. Due to ongoing
pavement milling operations, the Egyptian market generates about 4 million tons of RAP

annually (2).

This means that the exploitation of these materials will greatly affect the costs of

maintaining the road network around the world and preserve the environment.

1.3 Importance of the Study

Every year large amounts of milling material are produced from roads in Palestine, which
are disposed without realizing any real benefit. This is in addition to significant increase
in the prices of fuel, transportation, and labor in Palestine during the past period, which
caused a significant increase in the prices of road construction materials. All of these
reasons, in addition to limited licensed landfills with the need to take advantage from

milling material make a justifiable reason for conducting this study.

The following table shows the projects implemented by the Ministry of Public Works and
Housing (MPWH) during the last four years (2018 - 2022) (3), which produced large

amounts of milling material.

As seen in Table 1.1, MPWH alone carries out around half of million square meters of
asphalt milling material every three years with thickness around 2.5 cm, and dry density
for RAP material 1.6 ton/m® (4). This produces around 19,100 tons of milling material;

this material was dumped into landfills without achieving any significant benefits.

On the other hand, there are few studies conducted in this field in Palestine; particularly
in Gaza Strip. These studies addressed the use of crushed waste glass (5), using recycled
aggregate in hot asphalt mixtures in Gaza Strip (6), and reusing waste plastic bags in
asphalt mixtures (7). Another study was conducted in the West Bank regarding the impact

of using rubber in asphalt mixes (8).



Table 1.1
Projects Implemented by the Ministry of Public Works and Housing during (2018-2022)

No Project Title Governorate Mlug{i? rea
1 Rehabilitation of Sabastia Entrance Nablus 11,520
2 Rehabilitation of Anabta-Tulkarm Street Tulkarem 50,826
3 Reconstruction of Al-Seka— Ktaba Main Road Tulkarem 25,430
4 Rehabilitation of Al-Seka- Ktaba Road Tulkarem 13,579
5 Rehabilitation of Jenin— Hiafa Main Road Jenin 42,595
6 Rehabilitation of Beitunai Ein-Erek Deir Ibzi Main Road Ramallah 55,000
7 Rehabilitation of Ein-Yabroad— Dora Algara Main Road Ramallah 21,672
8 Rehabilitation of Ezaria— Abu Dees Main Road Jerusalem 80,242
9 Rehabilitation of Qalndia Main Street Jerusalem 56,311
10 Rehabilitation of Hebron Tarqomia Road (Wad Alqof) Hebron 35,575
11 Rehabilitation of Beit Awa Deir Samet Main Road Hebron 12,000
12 Rehabilitation of Bethlehem— Jerusalem Main Road 1st stage Bethlehem 65,300
13 Rehabilitation of Bethlehem— Jerusalem Main Road 2st stage Bethlehem 7,553

Total Area (m?) 477,603
Note: Saadeh T. Quantity of Milling Material Produced by the Ministry of Public Work and Housing.
Ramallah: Ministry of Public Work and Housing, Road Supervision Department

The importance of the study is exemplified by its potential to reduce the cost of
construction of roads in the Palestinian territories by using less expensive RAP as
foundation materials in combination with natural materials rather than throwing them into
landfills and exposing institutions to additional costs as well as the negative impacts on

the environment.

1.4 Objectives

This research aims to study the feasibility of using RAP as a sub-surface layer
(particularly subbase material) by knowing the mechanical properties of materials
resulting from mixing NA (Natural Aggregates) with (RAP) material in different

proportions.

Numerous studies worldwide addressed the use of RAP in asphalt mixes. Furthermore,
the properties of asphalt mix would significantly vary with any slight variation in any of
its components (aggregate gradation and properties, asphalt type and content, mechanical
processing, etc.); therefore, this would be difficult to control. With the large amounts of
asphalt milling product in Palestine that are mostly dumped in landfills, the main
objective of this research is to investigate the feasibility of using materials resulting from

asphalt milling as an alternative to natural subbase materials.



The study will verify the need to add other materials with certain gradation and
proportions to be determined through laboratory experiments, to obtain new materials
with characteristics that correspond to the requirements for subbase material. This will
also include a comparison between the cost of natural materials and new materials

(economic feasibility study).

Specific objectives of this study include:

1. Study and understand the main properties of materials resulting from milling asphalt
and intended to be used for recycling.

2. Evaluate the mechanical properties of milling materials such as (Atterberg limits,
California Bearing Ratio (CBR), sieve analysis, specific gravity, sand equivalent,
absorption, Los Angeles abrasion) According to ASTM, AASHTO.

3. Identify the extent to which material properties comply with the required
specifications.

4. Conduct economic feasibility study for the new mixture as compared with the natural
materials.

5. Provide recommendations regarding the use of RAP for subbase materials in

Palestine.

1.5 Previous Relevant Studies

Numerous studies have been carried out to assess the viability of blending milling
material (RAP) with virgin material. The performance and characteristics of RAP/virgin
aggregate mixes have been the subject of several research, some of which are summarized

in this section.

1.5.1 Developing Countries

Dalloul (5) made a study to determine the impact of using crushed waste glass as coarse
sand and filler in the asphalt binder course. The study concluded that crushed waste glass
can be used up to a maximum size of 4.75mm and with an optimum replacement of 7.5%
of aggregate, and all test results met the requirements with the exception of flow, the
study findings are solely applicable to the particular grade and glass type that were
employed. Different outcomes might be obtained using different grades of glass or

résources.



Alfagawi (6) investigated using recycled concrete aggregates in place of HMA
aggregates. In this investigation, two distinct RCA combinations were used: one with
30% RCA and the other with 60% RCA. When the amount of asphalt in a mixture rises
and the specific gravity of the mixture decreases, it was observed that RCA-30% met all
of the tested parameters for HM A mixtures while RCA-60% met the majority of the tested

Marshall properties but failed when the amount of air voids in the mixture was very high.

El-Saikaly (7) showed that waste plastic bags (WPB) might easily be added to asphalt
mixes as a modifier for increased performance of the asphalt mix as well as sustainable
management of plastic waste. 9.0% WPB by weight of Optimum Bitumen Content (OBC)
was advised as the ideal WPB concentration for enhancing the performance of asphalt
mix. When compared to a standard asphalt mix, an asphalt mix amended with 9.0% WPB
by OBC weight had a stability rating that was 24% greater. Higher WPB content in the

modified asphalt mix resulted in higher air voids, higher flow, and lower bulk density.

Al-Badawy (9) noted that there are linear relationships between the amount of RAP in
RAP aggregate mixture and the optimum moisture content, and with maximum dry
density. The author also observed that when adding RAP to an aggregate of base quality
produces a mixture with lower dry density and strength, and there is an inverse
relationship between the percentage of RAP material in RAP aggregates and CBR for the
mixture. To take a benefit for adding recycled asphalt pavement to RAP with minimum

CBR of 25%, it should not use recycled asphalt for more than 50% in the mixture.

El-Maaty (10) made a study showing that the bituminous mixes containing RAP,
particularly at 50 to 100% of RAP, performed better than the new blends. With increasing
RAP percentages, mechanical qualities, durability performance, and stripping resistance
also improved. The indirect tensile strength was significantly increased by using RAP,

with 50% RAP content displaying the highest values.

Ansori and Radam (11) noted that up to 10% RAP can be utilized for the subbase and
base courses, for the base course beneath the asphalted course (Class A). For the subbase
course (Class B), the maximum limit of the RAP materials was not more than 9 percent.
The RAP materials should be employed by no more than 3 percent. Furthermore, no more
than 10% of the Class S shoulder of the road should be made up of RAP materials as

course materials.



Alamier (12) noted that few research papers have been conducted to describe and analyze
the robustness, appropriateness, and efficacy of recycling methods employing regional
materials in Iraq. In order to determine the life cycle costs of flexible pavement with an
unbounded granular subbase layer made of mixed virgin aggregate materials and RAP, a
computer design and management study was conducted. In comparison to traditional
flexible pavement in Iraq, the study indicated savings of up to 40% of the overall cost of

the pavement and up to 50% of the maintenance cost.

Mousa and Mousa (2) examined the use of RAP percentages of 0%, 20%, 60%, 80%, and
100% by the combined mass of the samples. Index qualities such as gradation, modified
proctor compaction, California Bearing Ratio, and hydraulic conductivity were tested in
the lab. According to the study, the CBR and hydraulic conductivity dropped as the RAP
percentage increased. However, for samples compacted at the optimum moisture content
(OMC) and maximum dry density (MDD), a significant rise in the resilient modulus
values was seen with an increase in the RAP replacement in the mix. According to CBR

data, RAP up to 60% can be used in Egypt for building road subbase.

Alfagawi (6) made a study for using recycled aggregate (RAP) in hot asphalt mixture in
Gaza Strip where large quantities of the building waste for destroyed buildings resulted
after the Israeli offensive on Gaza. The study prepared two mixtures; the first consisted
of 30% Recycled Coarse Aggregate (RCA) and the other consisted of 60% RCA. It was
observed that the use of RCA made the mixture highly absorptive and the porous structure
led to low specific gravity. The RCA-30% met all requirements for HMA mixture;
however, RCA-60% met most of the required Marshal properties, but it failed in the air
void percentages in the mixture. There was an inverse relationship between the percentage
of RCA and air voids in the mixture and so with asphalt content due to the high absorption
of RCA. The optimum bitumen content for natural aggregate was 5.5% and increased to
5.85% for RCA-30%, and it was more than 6% for RCA-60%, which is higher than the
specifications. There’s a positive side for RCA mixture observed while using 30% of
RCA, which significantly increased the stiffness modules and sustained more fatigue life
than natural aggregates (NA). On the contrary, using of 60% RCA in the mixture reduced
the stiffness and fatigue life



Hasan (13) conducted laboratory tests to evaluate the modulus of subgrade while taking
the effects of RAP and moisture content into consideration at various stress levels.
According to the study's findings, RAP concentration enhances the modulus of subgrade
(MR) of RAP-mixed soil. Consequently, RAP may be applied to subgrade soil to improve
its resilience. According to the study, in order to obtain accurate results from these tests,
more tests must be conducted using other sample collections. These studies were designed

for one sample of soil and one sample of recycled asphalt.

Mousa and Mousa (14) showed that incorporating RAP material may save up to 48.1%,
and the savings increased up to 60% when the cost of disposing of RAP is deducted from
the cost of the mix as a unit. The use of the RAP-sand mix (50/50) in the subgrade and
subbase layers was recommended, and this was done in accordance with a general

technique that was carried out to undertake cost-benefit evaluations.

Tanveer & Niloy (15) noted that a combination of mechanical and bituminous
stabilization techniques can be employed for stabilization of subbase and base layers. The
addition of virgin aggregate or recycled materials such as RAP is required to ensure the
proper gradation while adding asphalt emulsion or foamed asphalt ensures proper binding
and results in reduced depth of base/subbase layer. However, cold recycling cannot be
recommended for surface layers as hot recycling provides the structural integrity required

to handle the loading and climatic adversities of this region.

Abdel-Jaber (16) compiled 15 asphalt mixtures consisting of RAP and NA. An
improvement in the stability values was observed with the increase of the RAP content

up to 75%, and then it decreased significantly.

1.5.2 Developed Countries

Montepara (17) used two mixtures, one of which consisted of 100% natural aggregates
and the other is a mixture of 50% natural aggregates and 50% RAP. Light Weight
Deflector Test (LWD), Failing Weight Deflector Test (FWD), and Ground Penetrating
Radar (GPR) tests were carried out in order to verify the performance in the short and
long term and compare the results between the two mixtures. The tests showed

homogeneous results for the two mixtures so that they cannot be distinguished.



Seferoglu (18) indicated that when used alone, RAP is a weak material in terms of
carrying capacity. Cement may be a good way to increase base course performance by
increasing bearing capacity and permeability, hence it should be used with it. The amount
of cement in the mixture might be capped at 3%. The amount of fine content (below
No0200 sieve) increases when more than 3% of cement is added to RAP material. With an

increase in RAP and cement proportion in blends, MDD and OMC were reduced.

Alwetaishi (19) assessed the effects of various RAP percentages on asphalt mixtures.
The researchers concluded that adding RAP to asphalt mixes affects their mechanical
properties, but all of these properties were within the allowable specifications. As
the RAP content rises, the air voids expand while the bulk-specific gravity decreases.
RAP applications in asphalt mixes for low-volume roads appeared to be best suited for a
RAP content of 60%, as the stability of asphalt mixes declined as RAP content increased
up to 60%.

Montaiiez (20) evaluated RAP prosperities produced by six distinct road projects. The
study found that the size distribution of the smallest range particles from RAP sources
exhibits substantial heterogeneity. In order to create novel HMA combinations, the study
advised either using RAP from a single source or homogenization procedures among

many RAP sources.

Pomoni (21) concluded through a number of experiments on mixtures including (RAP)
that these materials often provide less skid resistance since they were used for extended

periods of time before being subjected to significant loads.

Maicelo (22) indicated that recycled asphalt is frequently used as an aggregate on
pavements; however, it is also used as a granular base or subbase, infill material, or fillers
and stabilized base aggregates. Given the higher grade of the original aggregates utilized,
the best RAP quality may be extracted from the surface. Because it has been subjected to
oxidation, recycled asphalt ages. As a result, since this has an impact on its long-term
performance, its usage must be carried out using various treatments. It's crucial to keep
in mind that rejuvenators must be applied when using recycled binder in place of virgin
one to prevent the final pavement from becoming too hard and breaking. The study found
that the compression resistance of the RAP aggregates is lower. Additionally, since

substituting greater volumes of binder results in a hardening in the slurry, adding more
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RAP would reduce the pavement fatigue life. The stiffness that the RAP exhibits as a
result of this hardening; however, results in more resistance to the rutting. It should be
taken into account that the less aged the RAP is when it is extracted, the greater yield it
will have due to the reduced effects of aging. Mild binders must be used in order to
improve the adherence of the binder to the aggregates since moisture has a direct impact
on RAP's performance in mixes. The use of oils also increases workability and makes it

possible to employ RAP more effectively.

Dughaishi (23) made a study for the Use of RAP Materials for Pavement Construction
in Oman for roads, airport runways, shoulders, engineered fill, and culvert backfill. The
RAP application serves as a valuable granular base material. Because RAP is less
complicated and doesn't require additional asphalt binder, the study suggested that it can
be used with a mixing rate of less than 20%. As a result, it will be a positive step toward

enhancing Oman's environmentally sustainable constructions.

Pradhan & Biswal (24) tested the CBR and dry density properties using a mixture of
different percentages of RAP (0%, 25%, 35%, 45%, 55%, 65%, and 75%) before
comparing the findings to those of a mixture made up entirely of natural aggregates. The
performance of the subbase layer mixture was examined and found to be better, but
mixture with 22% of RAP produced better results regarding density and CBR. Note that
using RAP in the mixture increases hardness of the mixture. RAP had more stiffness than

nature aggregate, and RAP hade more permeability.

Masi (25) presented that the hydrophobic property of RAP is caused by the presence of
the bituminous layer. Furthermore, it was shown that RAP had wider pores and a higher
open porosity than natural aggregate. When it comes to dimensional stability and frost
resistance, the majority of the tested RAP exhibit encouraging results, indicating that it

may be appropriate for use as recycled aggregate in concrete mixes.

1.5.3 Summary of Previous Studies

e Al-Badawi (9) suggested an inverse relationship between the proportion of RAP in
the mixture and the CBR, while Mousa and Mousa (2) found a linear relationship,
whereas Pradhan & Biswal (24) suggested that the mixture produces the best results
at a ratio of 22%.



e Al-Badawi indicated “a linear relationship between the percentage of RAP in the
mixture and (MDD)” (9) in contrast, while Pradhan & Biswal indicated that “it
increases up to a certain percentage and then starts to decline” (24).

e Al-Badawy indicated that it should not use recycled asphalt for more than 50% in the
mixture (9), while El-Maaty indicated that the optimal RAP percentage is 50% (10).
On the other hand, Ansori and Radam noted that up to 10% RAP can be utilized for
the subbase and base courses (11), while Mousa and Mousa noted that according to

CBR data, RAP up to 60% can be used in Egypt for building road subbase (14).

Alamier indicated savings of up to 40% of the overall cost of the pavement and up to 50%
of the maintenance cost (12), while Mousa and Mousa showed that incorporating RAP
material may save up to 48.1% and the savings would increase up to 60% when the cost

of disposing of RAP is deducted from the cost of the mix as a unit (14).

1.6 Thesis Structure

There are five chapters in this thesis; Chapter one includes the Introduction along with
relevant literature on using recycled asphalt material as a subbase material. Chapter two
demonstrates the Methodology used for this study. Data Collection is presented in
Chapter three, while Chapter four shows Aggregate Tests, Result Analysis, and Economic
Visibility Study and finally chapter five shows that the Conclusions & Recommendations

and Limitations and Future Research
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Chapter Two
Methodology

2.1 Introduction

The resulting materials from asphalt milling are lab tested, and their mechanical
properties and performance are evaluated. In addition, the possibility of using these
materials without treatment as a subbase layer are evaluated, and the effect of bitumen
coating on the materials properties are considered. Moreover, in this study, several
proportions of Recycled Coarse Aggregate (RCA) mixtures are considered in an attempt
to reach the most appropriate mixture to be used as a subbase layer. Finally, economic
feasibility studies are conducted, considering the cost of the RAP as compared with the

natural materials.

The components needed for accomplishing this thesis in order to reach the desired
objectives include five main steps, which are Subbase and RAP Material Collection,
Sampling, Aggregate Samples Preparations, Aggregate Tests, and lastly Economic
Feasibility Study.

2.2 Data Collection

The average annual product of asphalt milling material along with the average annual
quantities needed as a subbase material for road construction and rehabilitation projects
are collected. The collected data are dedicated for Ramallah and Al-Bireh Governorate,
which are collected from relevant institutions including the Ministry of Public Works and
Housing, Ministry of Local Government, Municipal Development and Lending Fund, and

Ramallah, Al-Bireh, and Beitunia Municipalities.

2.3 Testing and Analysis

e Subbase Material Collection: The required samples for natural aggregates usually
used as subbase materials are collected from several roads and projects that are
currently conducted within the study area. The material was collected from four

locations, namely:

— Beitunia crusher.

— Ramallah- Jerusalem Main Road.
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Kofor Nemeh Road.
Beitunia Ein Erek Road.

Sampling: The required number of samples of asphalt milling material, which
corresponds with the required significance level (95%) are collected from the relevant
institutions in the governorates.

Aggregate Samples Preparations: A number of samples are made to contain
different percentages of asphalt milling material (10% - 60%). The percentage was
chosen after reviewing the results of previous studies, and then the necessary tests are
conducted for each percentage to make a conclusion about the most suitable
percentage of RAP needed to make the mixture with the required specifications.
Aggregate Tests: A series of experimental tests are conducted at the Construction
and Transportation Research Unit’s laboratories of An-Najah National University to
determine the mechanical and physical properties for both the natural subbase
materials currently available, and the produced asphalt milling material. Several tests
are conducted for the collected samples to determine their properties (Atterberg limits,
California Bearing Ratio (CBR), sieve analysis, specific gravities, sand equivalent,
absorption, Los Angeles abrasion), which are used later for comparison between the
natural subbase and new mixture of natural aggregate and milling material. Different
mixes of both natural subbase and asphalt milling material are tested and evaluated.
The test results are compared with the subbase properties adopted by the Jordanian
standards and requirements, which is adopted by the relevant Palestinian institutions.
The best mix of asphalt milling material and the natural subbase material that satisfy

the specifications are recommended.

To guarantee that the findings are accurate and representative, three samples will be taken

from each source and all the aforementioned checks will be made. In addition, odd results

won't be taken into account.

Economic Feasibility Study: it is conducted by comparing the annual cost of
producing and disposing the asphalt milling material, with the possibility of using this
material as replacement for partial quantities needed as a subbase material. This will
take into consideration the various cost elements including the transporting cost,

which could be critical for some Palestinian areas that lack natural subbase material.
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According to the amounts of RAP and subbase that are collected with the aforementioned
institutions, the economic feasibility will be calculated. Additionally, since milling
materials incurs additional costs for government institutions to send them to landfills,
more than one scenario will be developed. In exchange, the materials are then sold in the

market at various prices.

We will eventually be able to quantify the savings and advantages of using these materials

as opposed to dumping them in landfills.

2.4 Study Area

Ramallah and Al-Bireh Governorate is considered for this study. This governorate is
chosen due to the presence of a number of projects at the current period under construction
these projects are Ramallah- Jerusalem Main Road, Kofor Nemeh Road, and Beitunia Ein

Erek Road as shown in (Figure 2.1).

In addition to the availability of necessary information and sufficient material for the
study, and so the presence of all relevant government institutions (MPWH, Ministry of
Local Government, Municipal Development and Lending Fund, and Ramallah, Al-Bireh,

and Beitunia Municipalities) in the governorate.
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Figure 2.1

Ramallah and Al-Bireh Governorate with Project Location and Relevant Government Institutions

(26)

2.5 Conclusion and Recommendations

After reviewing the results and comparison, conclusions and recommendations from this
study will be based on this thesis content. Furthermore, the study indicates the limitations
that restrain some of the study outputs, leading to think of some future research to cover

the shortfalls.
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Chapter Three
Data Collection and Results

3.1 Data Collection

In order to determine the necessity of mixing milling materials with subbase or base
course materials, data on the quantities of these materials were gathered of all relevant
institutions (MPWH, Ministry of Local Government (MOLG), Municipal Development
and Lending Fund (MDLF), and Ramallah, Al-Bireh, and Beitunia Municipalities). It was
discovered that all institutions incur additional costs as a result of not using these
materials and their disposal in permitted landfills. The governorate of Ramallah and Al-
Bireh suffers from the scarcity of licensed landfills and the high cost of those that do exist,
which results in significant milling and losses for these institutions, in addition to the

significant harm that these materials cause to the groundwater and environment.

The amounts of milling differ from one institution to another according to the nature of
the institution’s work and the streets it specializes in. Quantity data were collected and

the results are presented in Table 3.1.

Table 3.1
Milling Material Produced and Subbase and Base Course Produced by Institutions in Ramallah
and Al-Bireh Governorate in years (2018-2022)

Milling Subbase  Dase Course

Government Material Material Material
NO R Needed Reference
Institutions Produced Needed (2019-2022)
(2019-2022) m* (2019-2022) m* m
Appendix G.III
1 MPWH 477,603 23,000 218,900 Appendix G.IV.
2 MOLG 35,230 735,000 2,365,000 Appendix G.I
3 MDLF 210,000 33,000 651,000 Appendix G.VII
4 Ramallah 90,760 572 37329  Appendix G.VIII
Municipality
5 Al-Bireh 88,968 3,000 65000 Appendix GIX
Municipality
6 Beitunia 10,000 B 75,000  Appendix G.X
Municipality
Total Quantities (m?) 912,561 794,572 3,412,229

Note. See Appendix G
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3.1 Milling Material Quantities

As seen in Table 3.1, all institutions in Ramallah and Al-Bireh Governorate carry out
(912,561) square meters of asphalt milling material every three years with a thickness
around 2.5 cm, and dry density for RAP material of 1.6 ton/m> (4). This produces around
36.502.44 tons of milling material, which constitutes 2% of the total materials as shown
in Appendix G; this material is usually dumped into landfills without achieving any

significant benefits.

3.2 Subbase Material Quantities

As seen in Table 3.1, all institutions in Ramallah and Al-Bireh Governorate used
(794,572) square meters of subbase in the last three years with a thickness around 20 c¢m,
and dry density for subbase material of 2.05 ton/m3 (27).This means that all these
institutions used 325,774.52 tons of subbase material, which constitutes 19% of the total

materials as shown in Appendix H.

3.2 Base Course Material Quantities

The institutions in Ramallah and Al-Bireh Governorate used (3,412,229) square meters
of base course in the last three years with thickness around 20 cm, and dry density for
base material of 2.1 ton/m? (27). This means that these institutions used 1,433,136.18 tons
of base course material, which constitutes 81% of the total materials, as presented in

Appendix H.

Referring to the previous data, the usage of subbase material by institutions was (19 %)
of the total materials used in the foundation, and base course material was (81%) in the

last three years.

It has become necessary to look for alternatives to using natural materials, which are weak
in Ramallah and Al-Bireh Governorate due to the lack of natural resources in the
Palestinian territories and the constrained lands as a result of Israeli occupation measures

to control lands designated as "C".
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3.3 Base Course or Subbase Materials Used and Street Type

The amount of base course used in the streets in the past three years, which accounts for
81% of the total materials used, while the amount of subbase materials used accounts only

for 19%, as shown in the figures in (Appendix G).

The explanation for this is due to the fact that subbase materials are used in streets that
are exposed to large traffic loads, such as arterial and regional streets, which constitute
(5%) of the total streets according to (Appendix I). On the other hand, local and
agricultural streets constitute 81% of the total streets, which are streets usually
implemented using a 20 cm thick base course layer and a 5-6 cm thick asphalt layer only,

due to the low traffic loads they are exposed to.

Based on that, it is expected that the need for additional base course materials will
increase during the coming years, with the limited crushers and the high costs of
transportation, in addition to the restrictions imposed by the occupation authorities on
lands classified as "C". For these reasons, it is necessary to look for synthetic materials

that can replace natural ones.

3.4 Base Course Test Results in Ramallah and Al-Bireh Governorate

According to (Appendix J), comprehensive base course tests for Ramallah and Al-Bireh
Governorate were made by a local testing lab over the past year; 33 tests resulted in 54.5%
of these tests were according to specifications and the remaining failed in Atterberg limits,

sieve analysis (passing sieve 200mm), and sand equivalent.

According to (Appendix K) comprehensive base course tests for Ramallah and Al-Bireh
Governorate was made by another local testing lab in the last three years. Results showed
that out of 250 tests, 78% were according to specifications whereas 22% of these tests'
results failed in Atterberg limits, sieve analysis (passing sieve 200mm), and sand

equivalent.

The cause of this is the use of mobile crushers in the Ramallah and Al-Bireh Governorate
to produce base course using rocks extracted from building excavations in order to lower
construction costs, transportation costs, and landfill fees. Additionally, excavation is
carried out using conventional excavators to somewhat shallow depths because of the

restrictions put in place by the authorities to using blasting in excavations.
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In addition to the clay layers between the rock layers shown in the photo (appendix B),
the formation of rocks in the Ramallah and Al-Bireh Governorate (marlstone) contains a
high percentage of clay materials, making it impossible to separate them and causing them
to be mixed with the base course. As a result, there is an increase in the proportion of clay
materials in the mixture, which affects the amount of material that passes through sieve

No. 200, the value of (PI) that is above the allowable limits.

In contrast to the Nablus Governorate, which relies on fixed crushers in Jama'in, in
addition to that the rock layers are characterized by strength and the absence of mud layers

between the rock layers, as shown in (Appendix B).

Also, the governorate of Jericho and the Jordan Valley suffers from a decrease in the
value of the sand equivalent of the base course materials, which causes the need to supply
base course from the other governorates such as Ramallah and Al-Bireh, and thus greatly

raises the cost of road projects compared to other regions, as presented in Appendix G.II.

Based on the prior information, Chapter 4 investigates the possibility of improving these
materials by incorporating RAP material products into the mixture in order to supply

natural materials, protect the environment, and lower the cost of road projects.
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Chapter Four
Test Results and Analysis & Economic Visibility Study

4.1 Introduction

After collecting samples from 3 streets, where the samples included subbase materials
and milling materials, three samples were taken from each street, and then all the
necessary tests were conducted, which included the following tests for the collected
samples to determine their properties (Atterberg limits, California Bearing Ratio (CBR),

sieve analysis, specific gravities, sand equivalent, absorption, and Los Angeles abrasion).

4.2 Aggregate Tests
4.2.1 Milling Material Test

After collecting samples from the three streets, 3 samples of milling material (RAP) and
subbase material were taken from each street. Several tests were conducted for the
collected samples to determine their properties (Atterberg limits, California Bearing Ratio
(CBR), sieve analysis, specific gravities, sand equivalent, absorption, and Los Angeles

abrasion). The average results are as shown in Table 4.1.

As shown in Table 4.1, (PI) of (RAP) is almost zero, which is a violation of the Jordanian
specifications (28) and the American code of foundation materials “(PI) shall neither be
less than 2 nor greater than 8” according to AASHTO (27) and so it couldn’t be used as
a foundation material. That’s means there’s no cohesive between the aggregates. The
reason of this due to presence of the binder around (RAP) aggregate, which causes poor
water absorption and they act as insulating materials that prevent water from penetrating
inside and reduce the bonds between the granules. This is consistent with what was
indicated by Pradhan (24). Therefore, the low value of (PI) results in the difficulty of
mixing and compacting these materials separately and the inability to use them as a

foundation material except by adding fine materials to become as specification.
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Table 4.1
Milling Material (RAP) Test Results (See Appendices C.I, C.II, C.III)

Ramallah-

Beitunia Kofor Nemeh Average Spec’s
Test Street Road Jerusalem Result (0))
Main Road

Plasticity Index (P.I) 0 0 0 0 2-8
Sand Equivalent (%) 88 89.4 87 88.13 25 (Min.)
Percent Passing Sieve No. 200 (5-12
%) 1.1 1.3 4.61 2.34 Subbase A)
Los Angeles at No500 (%) 22.8 26 23.6 2413 40 (Max.)
Optimum Moisture Content (%) 6.05 4.98 4.61 5.21 --
Max1m1;m Dry Density (M.D.D) 1.961 1.907 1.897 1.92 2.05 (Min.)
(gm/cm?)
gail,‘,i"mla Bearing Ratio (CBR @, 19.7 15.73 18.81 40 (Min.)

Regarding the Sand Equivalent, this test technique gives the relative amount, fineness,
and kind of clay-like material contained in the test specimen. The average value of sand
equivalent is 88.13, which agrees with the Jordanian specifications (28) and the American
code of foundation materials;” the material shall contain minimum of 25% sand
equivalent at any stage of construction” according to AASHTO (27). On the other hand,
it’s a high value and indicates the presence of a large percentage of sandy materials
compared to clay materials. This is consistent with the behavior of these materials, which
was classified non-plastic materials. This helps in improving the properties of the subbase

material when mixed with the (RAP) materials.

As for the granular gradient, a sharp decrease was observed in the percentage of fine
materials passing through sieve No.4 and less as shown in Appendices A.IIl and A.I,
which is not consistent with the Jordanian specifications (28) and AASHTO (27). The
reason for this is that these materials are the result of milling the asphalt, and because of
the presence of bituminous materials, the materials are produced in large sizes with very
low percentages of fine materials. As the percentage of fine materials passing through
sieve No. 200 is (2.34%), which is a very low percentage as shown in Appendix A.II,
however, the existence of this percentage helps in improving the base materials that suffer
from an increase in fine materials resulting from mobile crushers that are widespread in
the Palestinian territories. This is one of the most important problems that the foundation
materials suffer from in the Palestinian territories, which is reflected positively when the

mixture is made with natural materials in specific proportions.
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This material is generally a good material and has the following characteristics:

e A variety of sizes.

¢ Grain-to-grain contact.
e High void content.

e High permeability.

o Low stability.

e Difficult to compact.

The average results of Los Angeles test with 500 revolutions was (24.13), which is less
than 45%, as shown in Table 4-1; this agrees with the Jordanian specifications (26) and
according to AASHTO (T 96) (27). The explanation for this is that the materials used in
asphalt mixtures are good materials with high hardness, in addition to the presence of the

binder around (RAP) aggregates, which provides additional protection from corrosion.

The modified proctor tests were conducted to determine the maximum dry density (MDD)
at the corresponding optimum moisture content (OMC), where the average (OMC) for
RAP material was 5.2%, as shown in Table 4.1. It was noticed when carrying out the
proctor test on (RAP) materials that the absorption of these granules of water is very low
and limited for fine aggregates, which exist with low ratios; so that water remains outside
the mixture. The reason for this is due to the coating of the granules with bituminous
materials, which forms an insulating layer; therefore, where the water is absorbed by the
very fine granules and the mixture reaches the highest density at a low moisture content.
Another reason is the density of RAP is affected by the specific gravity of the binder and
the specific gravity of the aggregates. “So, the presence of the aged binder reduces the
RAP density (25).

As indicated before, there was a very weak cohesion between the RAP granules as a result
of the poor gradation and the lack of fine materials in the mixture, which caused high air
voids and a low density, and; therefore, the average (MDD) for RAP material was 1.92
g/cm’, as shown in Table 4.1 which less than 2.05 gm/cm’. Therefore, it does not fit the
specifications for the subbase material, but it can be used as filling material (topping
material) where MDD should be more than 1.7 gm/cm’ according to AASHTO (27).
During compaction of the samples large granules are crushed and more water is absorbed;

therefore, reduces the effect of bituminous materials covering the surface of the particles.
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Since the RAP aggregates are highly permeable, water was draining from the bottom of

the mold when the fifth layer was compacted.

As for the CBR test, the average for RAP material was 18.8, as shown in Table 4.1. This
result is low and does not match the subbase specifications (> 40) (27); however, it could
be uses as filling material (topping material) as it is higher than 8. The reason behind the
low CBR value of the RAP material is due to the poor cohesion between the granules and
the difficulty of absorbing water, as mentioned previously, in addition to the poor granular
gradation with few fine materials, which results in difficulty in mixing the materials to
reach a homogeneous mixture, lower density, and lower bearing capacity. As indicated

by Pradhan (24).

In general, the results of all previous tests are consistent with similar studies, especially
the study of Pradhan & Biswal (24) as the results in general indicate that the specifications
of RAP materials are not compatible with the specifications of subbase materials, but
these materials can be used as filling materials or filtration materials due to the presence
of the bituminous, which cover the granules. In addition, most of the mixture consists of

course materials with little amount of fine aggregates.

4.2.2 Subbase Material Test

After collecting samples from the three streets, 4 samples of subbase material were taken.
Several tests were conducted for the collected samples to determine their properties and

the average results are presented in Table 4.2.
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Table 4.2
Subbase Material Test Results (See Appendices D.1I, D.II, D.III, D.IV)

Ramallah Average

Test Beitunia Jerusalem Kofor Nemeh  Beitunia Result (except Specifications
Crusher Street Street Main Street Kofor Nemeh) )

Plasticity Index

(P.1) 6.4 2.2 16 2.9 3.8 2-8
?;)I)‘d Equivalent 5 , 54 20 435 40.9 25 (Min.)
Percent Passing (5-12
Sieve No. 200 13.4 8.1 14.1 10.4 10.7

o Subbase A)
(o)

Los Angeles at

No. 500 (%) 36.2 35.8 38 39.5 37.2 40 (Max.)
Optimum
Moisture Content 9.3 7.6 9.4 8.2 8.4 --
(%)
Maximum Dry
Density (M.D.D)  2.05 2.08 2.00 2.09 2.08 2.05 (Min.)
(gm/cm?®)

California

Bearing  Ratio 74.3 127 55.4 65 88.8 40 (Min.)
(CBR @ 0.1

Notes OK OK Rejected OK OK

Results in Table 4.2 show that all samples are according to the specifications except for
Kofor Nemeh sample, which shows high plasticity index, low sand equivalent, and high
percentage of passing sieve No200. This is due to the high proportion of soft clay
materials in the mixture, as visually observed, in addition to the low MDD because of the
poor quality of the rock used. Therefore, these materials were excluded as they do not

comply with the specifications of the subbase materials.

A sample from Beitunia Crusher was chosen to be mixed with the RAP materials of
Ramallah-Jerusalem Road, as its properties were within acceptable specifications

compared to other samples.

4.3 Subbase RAP Mixture Tests

A number of samples were prepared that consisted of a mixture of RAP materials in
addition to subbase materials in percentages of (10, 15, 20, 25, 30, 35, 40, 45, 50, 55, and
60%). These percentages were chosen by reference to previous studies, then necessary
laboratory tests were conducted, and the results are described in the following sub-

sections.
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4.3.1 Atterberg Limits Test

Atterberg tests determine the moisture contents in which fine-grained clay or silty clay
transfer between hardness, semi-solidity, plastic, and liquid, as these tests are important
since they represent an assessment of the shear strength, permeability, and potential

expansion of the soil.

e Liquid Limit

Table 4.3
Mixing Material Liquid Limit Results (See Appendix N)
Sample No 0 1 3 4 6 8 10 12 13 14 15 16
Milling Material % | 0 10 15 20 25 30 35 40 45 50 55 60
LL Test 1 264 26 259 255 255 253 252 251 25 249 245 24.1
LL Test 2 264 263 259 225 225 253 252 251 25 249 245 24
LL Test 3 264 264 259 225 225 253 252 251251 249 245 24
LL Average 264 264 259 235 235 253 252 251 25 25 245 24

“Liquid Limit (LL) is defined as the water content at which a soil sample is just fluid

enough to allow a groove to close when shaken in a certain way” (29).

During the implementation of the experiments, it was observed that the moisture content
of the transition from the plastic state to the liquid state decreased from (26.41) to (24.03)

after increasing the percentage of RAP to 60%, as shown in Table 4.3.

An increase in the moisture weight relative to the dry weight was observed as the
proportion of RAP increases in the mixture, as shown in the photo in Appendix A.Il. The
reason for this is that the RAP materials are silty, and their capacity to absorb water is

constrained by their bitumen coating.
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e Plastic Limit

Table 4.4
Mixing Material Plastic Limit Test Results (See Appendix N)

Sample No | 0 1 3 4 6 8 10 12 13 14 15 16
Milling
Material 0 10 15 20 25 30 35 40 45 50 55 60
%

PL Test1 |20.0 20.0 19.8 19.7 199 19.7 19.7 197 21.1 204 19.6 194
PL Test2 |20.3 202 19.7 198 19.7 198 19.6 19.8 21.0 202 19.7 19.5
PL Test3 | 19.7 19.8 199 19.6 20.0 19.6 19.8 195 212 203 19.7 193
PL Average | 20.0 20.0 198 19.7 199 19.7 197 197 21.1 203 19.7 194

“Plastic limit is defined as the water content when a plastic material transforms into a
semi-solid condition” (29). A soil sample is continuously rolled into a thread for this test

until it begins to disintegrate.

The materials' behaviors changed slightly during the experimentation as shown in Table
4.4, with the exception of the mixtures of more than 50% RAP material. This is due to
the high percentage of silty materials within the mixture with the increase in the

percentage of RAP materials. Thus, the homogeneity of the mixture decreases.

Whereas, during the implementation of the experiment, it was noticed that the bonding
between the materials weakened when the percentage of the RAP materials was increased
in the mixture, which causes the materials to disintegrate faster as shown in the photo in

Appendix A.III.

e Plasticity Index

Figure (4.1) shows the relationship between the plasticity index and RAP percentage,
which shows an inverse relationship. The value of PI decreases with the increase in the
percentage of RAP materials. This is because the RAP materials are non-plastic. When
mixed with natural materials, it is normal to decrease the PI value with an increase in the

percentage of the RAP material.

25



Figure 4.1
Mixing Material Plasticity Index Curve (See Appendix N)
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Plasticity index demonstrates the breadth of the moisture range at which the soil is still
plastic. When blending natural materials with RAP material, the ratio of clay materials
inside the combination reduces, which explains why Pl is low. In general, the plasticity

index simply relies on the amount of clay present.

According to these results, all percentages are within the specifications, so that up to 60%

of the RAP materials can be added to the mixture.

4.3.2 California Bearing Ratio (CBR) Test

To ascertain the strength characteristic in terms of bearing capacity, the CBR test was
conducted. RAP, fresh aggregates, and composite materials including varied percentages
of RAP were all put through CBR testing; results are shown in Figure 4.2. It is evident
that the CBR values of the combination grow as the proportion of RAP aggregates
increase up to 32.5%, before decreasing rapidly as photo in Appendix A.VI shows. The
fact that the specific gravity of RAP aggregate is lower than other aggregates may cause

the CBR values to decline after a certain proportion of RAP content.
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Figure 4.2
Mixing Material California Bearing Ratio (CBR) Curve (See Appendix M)
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The higher the CBR percentage, the higher the percentage of water that comes out from
the bottom mold due to the particles inability to absorb it with the increase in the
percentage of RAP. The large increase in the CBR value is due to the granules used
mainly in asphalt mixtures that are good material. However, what reduces the CBR value
is the lack of homogeneity in the gradation of these materials after milling and the
significant decrease in the proportion of fine materials, as shown in (A.IIl). The
percentage of material passing sieve 2 mm in the mixture does not exceed 19%, while the
minimum according to the specifications (of subbase) is 37%. This as compensated when
mixing these materials with natural materials up to a specific percentage (32.5%), where

this represents the optimal percentage of the mixture to obtain the highest value.
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4.3.3 Sieve Analysis

Figure 4.3
Sieve Analysis and %RAP (See Appendix M)
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Table 4.5
Mixing Material Passing Sieve No200 Results (See Appendix M)
SampleNo | 0 1 3 4 6 8 10 12 13 14 15 16
Milling
Material % 0 10 15 20 25 30 35 40 45 50 55 60
Test1 (%) | 134 115 112 11.1 105 101 10 99 85 7.8 59 39
Test2 (%) | 13.2 116 113 11.3 106 10 101 97 82 79 58 44

Test3 (%) | 134 115 11.1 11.2 103 101 99 98 &5 7.6 59 39
Average | 133 115 112 112 105 101 10 9.7 84 77 59 41

With reference to (Table 4.1), the average passing through sieve No. (200) of the milling
materials was only 2.34%, which is a low percentage and less than the specifications
required for subbase materials. The materials resulting from asphalt milling are generally
course materials. However, base course and subbase materials in the Palestinian
territories contain a significant amount of fine materials, particularly in the governorates
of Jericho and Ramallah and Al-Bireh, as shown in Table 4.2, with an average of 11.2%.
This is close to the higher limit for subbase material specifications and higher than base

course material specifications.
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Therefore, it is concluded that mixing the RAP materials with the base course or subbase
materials works on reducing the proportion of the materials passing through sieve No.
200 to the acceptable limits. It is also noted the improvement of the gradient of the mixture
with the increase in the ratio of the RAP since subbase materials have a high percentage
of fine materials (passing sieve No. 4) and low percentage of course materials; this a
generally observed problem for base course in the Palestinian territories. As a result, the

mixture became more homogeneous and the values are within the acceptable range.

4.3.4 Maximum Dry Density and Optimum Moisture Content
e Maximum Dry Density

Compared to natural aggregates, RAP aggregates have a lower dry density. The density
of RAP will be affected by the specific gravities of the aggregates, the binder, and the
bitumen. As a result, the RAP density decreases when an old binder is present. Thus,
when the amount of RAP material in the mixture rises, the homogeneity increases in the
mixture up to 25 % (see Figure 4.4), after which, it increases air voids and decreases
MDD. The mixture becomes harder when RAP is added; RAP is more porous and stiffer

than natural aggregates.

Figure 4.4
Mixing Material Maximum Dry Density Curve (See Appendix M)
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The maximum dry density (MDD) at the corresponding optimum moisture content
(OMC) was calculated using a modified proctor test. The results show that raising the
RAP quantity for each combination somewhat increases the OMC as the maximum dry
density values of the mixture depend on the number of fine particles in the mixture and
will climb significantly. MDD will rise to a specific proportion of RAP. It was determined
that 32.5% RAP content is the ideal RAP percentage for the combination since it results
in the maximum dry density. The larger RAP aggregates were crushed during
compaction. Additionally, samples with greater RAP aggregates that were compacted at
lower moisture levels might lose their optimum condition after being withdrawn from the
mold. Since RAP aggregate is highly porous, water began to stream out of the bottom of
the mold while the fifth layer was being crushed. This may be partially attributed to the
RAP's open-graded structure. RAP's capacity to store moisture is negligible.

4.3.5 Optimum Moisture Content

Due to their comprehensive encapsulation with bituminous materials, fine materials in
RAP are (silty) materials with limited water absorption. As a result, as shown in Figure
4.5, as the proportion of RAP in the mixture increases, the (OMC) decreases. This implies
that we require less water to reach (MDD), which would lower the cost of road

construction.

Figure 4.5
Mixing Material Optimum Moisture Content Curve (See Appendices E. 1 to E. XI)
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4.3.6 Sand Equivalent

Table 4.6
Sand Equivalent Test Results for Different RAP Percentages (See Appendix M)
RAP percentages Sand Reading (%) Clay Reading (%) Sand Equivalent (%)

Subbase Material 2.90 11.5 252
10% RAP 3.15 11.5 27.4
15% RAP 3.25 114 28.5
20% RAP 3.24 11.3 28.7
25% RAP 3.24 11.2 28.9
30% RAP 3.35 11.1 30.2
35% RAP 3.36 11.0 30.5
40% RAP 3.34 10.9 30.6
45% RAP 3.32 10.8 30.7
50% RAP 3.35 10.9 30.6
55% RAP 3.45 10.5 33.0
60% RAP 3.50 10.0 35.0
100% RAP 4.7 4.2 89.4

As shown in Table 4.2, the proportion of sandy materials decreases as the ratio of RAP
materials in the mixture increases, where sand equivalent of the subbase material is 25.2,
as per (Appendix D). As a result, increasing the amount of these components in the

mixture will also increase the amount of sand reading components, as shown in Figure

4.6.

Figure 4.6
Mixing Material Sand Equivalent Curve
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As shown in Figure 4.6, sand equivalent value has considerably increased at 10%,
bringing it to compliance with the specifications for base course material, which would

enhance the new mixture's overall properties.

This makes sense because the RAP materials are made of silty materials; therefore,
increasing their proportion in the mixture will increase the proportion of silty materials
and decrease the proportion of clay materials, as shown in photo in Appendix A. VIII,

which results in increasing the value of Sand Equivalent.

4.3.7 Los Angeles Abrasion

Figure 4.7
Mixing Material Los Angeles Abrasion Curve (See Appendices E. I to E. XI)
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Referring to (Appendix C.II), it is observed that Los Angeles Abrasion is valued at 26,
while the subbase materials are valued at 36.16. (Appendix. D). As show in Figure 4.7,
Los Angeles Abrasion values decrease as the proportion of RAP materials in the mixture
increases, which makes sense given that RAP materials have a high resistance to abrasion.
This is due to the bituminous material coating the aggregates that insulates and increases

rigidity.
4.4 Validation of Results

For the purpose of verifying the results, especially the (Sand Equivalent, CBR, and

Proctor) tests, a number of samples was taken from the major percentages, which are

32



(12.5,22.5,27.5, 32.5, and 37.5). As seen in (Appendix M), the results were close to the
main percentages, but these percentages were chosen to obtain greater accuracy in the

optimal percentage of the mixture, which is 32.5%.

4.5 Comparison Between this Study and Previous Studies

e When examining the study's findings, we see that they are similar to those of Pradhan
& Biswal (24), with the percentage increasing to 32.5% before the CBR starts to
decline. Gradually, as the proportion of rap in the mixture increases, which is a logical
outcome given that the rap's components are materials of high hardness, and as the
gradient increases the homogeneity of the Sub Base mixture until it reaches a certain
percentage.

e In this study a rise (MDD) was seen up to a percentage of 25%, followed by a gradual
decrease due to an increase in homogeneity until this percentage was reached, before
beginning to decline with an increase in the proportion of course materials and
declining in homogeneity with an increase in the percentage of mixture in mixture.

e This study showed that it is possible to obtain materials with better properties so that

its specifications are met up to 50% mix proportion.

4.5 Economical Feasibility Study
4.5.1 Introduction

Generally, in Palestine using RAP material is limited as a filtration material especially on
a local road when traffic loads are very low due to RAP permeability; often institution
threw this material into the landfill without achieving any benefits, which costs these

institutions additional expenses like transportation and landfill fees.

The use of this material as a subbase material helps to sustain natural resources and
preserve the environment and community health. The economic effects of using RAP
materials as subbase in different ratios were examined using percentages (30%, 50%) as
30% 1is considered an optimum mixture percentage and 50% is considered as the
maximum acceptable RAP percentage. The price per square meter for each case was
calculated and compared with the price per square meter related to the use of subbase and
base course materials. There are two different breakdowns of the price for each

percentage: one is for private institutions, where the cost is determined by market rates;

33



the other is for institutions where the materials are owned by the institution and the

viability of the project will be assessed.

In Palestine, a lot of RAP material is produced each year; in the last three years, it reached
(898,982) square meters as mentioned in Table 3.1. Less than 10% of these materials are
used in very specific circumstances, such as temporarily rerouting roads, parking lots, and

agricultural roads, as well as occasionally as filter material below the base layer.

Due to the high costs of constructing road projects, especially in the recent years due to
the rise in transportation cost after the rise in fuel prices, in addition to the lack of good
natural material, the need to use RAP mix in road construction becomes inevitable.
Therefore, this study investigates the cost-effectiveness of using RAP-subbase mixture

and RAP-base course mixture.

4.5.2 Direct Comparison of Costs Incurred

The cost-effectiveness of this procedure is questioned by the analogy of achieved benefits
from the use of the RAP-aggregate blend. An economic analysis must compare all costs
associated with producing subbase and base course natural aggregates to costs associated

with making a virgin aggregate mixture and discarding the waste material.
4.5.2.1 Unit Cost of RAP-Subbase Blend

Based on the actual unit prices offered for Beitunia Ein Erik Street project to be
constructed in Ramallah and Al-Bireh Governorate, the cost of the RAP subbase mixture
was evaluated in this study. The existing asphalt layer on the main road was being milled
as part of extensive rehabilitation work. Based on information obtained from the cost and
estimates section in the MPWH, as shown in in Appendix G. IV, the price of constructing
the road using RAP made from crushed asphalt and natural materials was compared with
the cost of utilizing natural materials. All costs have been converted to equivalent US

dollars.

4.5.2.2 Unit Cost Analysis of RAP-Subbase Blend for Governmental Institutions

The prices of milling materials, subbase, and base course were obtained from the MPWH

for the purpose of conducting the economic feasibility study, and the prices were as shown

in Table 4.7.
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Table 4.7
Prices of Milling Material Subbase and Base Course (see Appendix G.V, Appendix G. VI)

Material  Supply, mixing and Total cost

Material costs (NIS)  rolling costs (NIS)  (NIS) Note
Milling Material 18 40 58 For institution, price =40
Subbase 26 40 66
Base course 38 40 78

According to Table 4.7 and Appendix G.IV, the RAP was cost free for governmental
institutions; the only cost incurred was for transportation fees of RAP. The cost of RAP
was $11.43/m? including the transport cost, mixing, spreading, and compaction. Where
the unit cost of subbase material was $18.86/m?, the cost for base course material was

$22.29/m*, and as shown in Appendix G. VI, the cost of RAP disposal was $0.71/m>.

A linear model was developed that represents the relationship between the ratio of the
RAP materials in the mixture with subbase material and the cost per cubic meter. In the
figure, we notice a decrease in the cost per cubic meter from $18.12/m? at 0% of RAP to
$14.14/m> at a rate of 60% of RAP materials. The model is also given in Eq. (1) as

follows:
TC=-7.43x + 18.86

Where (7C) is the Total cost ($/m*) and (X) is RAP percentage.
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Figure 4.8
RAP Mixture Cost Relationship
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4.5.2.3 RAP-Subbase Blend for Governmental Institutions with 30% of RAP

Due to the superior quality of the RAP-subbase blend with 30% RAP (CBR = 152%)
compared to the conventional subbase (CBR = 80%), an equivalent thickness of RAP-
sand layer is predicted using the layer coefficient of each material. This process involved
two steps. First, using Eq. (4.1), which was reported for being applicable over a broad
range of CBR values of more than (30), the resilient modulus (Mr) of each material was

calculated:
Mr(psi) = 2555CBR%-¢* (4.1)

According to Eq. (4.1), the Mr values for RAP-Subbase mix and traditional subbase
materials are 438.82 MPa and 291.93 MPa, respectively. The following equation (4.2)
was used in the second phase to calculate the layer coefficient for the two types of

materials:
a3=0.227 x Logio(Mr) — 0.839 4.2)

According to equation (4.2), a 20 cm conventional subbase layer and a layer of 30% RAP

mixing with subbase material were compared, and the unit cost per square meter was then
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computed. The layer coefficients for the 30% RAP mixture and the subbase material are

0.21 and 0.25, respectively.

RAP cost/m? = 40 X 0.2 = 8 NIS/m? = $2.29/m?
Subbase cost/m? = 66 X 0.2=13.2 NIS/m? = $3.77/m?

Where mixing with 30% RAP material with thickness of 20cm cost equals:

Costzoy rap = (0.3 X RAP COST + 0.70 X Subbase cost)
Costzow rap = (0.3 X 2.29 + 0.70 X 3.77) =

Costzos "AP = $3.33/m?
Where Subbase cost/m? = $3.77/m?

This results in a 12% cost reduction over the standard material. When taking the cost of
disposal into account, it will be reduced to $2.62 /m?; therefore, the cost reduction over

standard material will be 31%.

This large cost savings promotes the use of the suggested RAP blend in place of the
traditional subbase material, especially given the additional advantages of resource

conservation and a decreased requirement for disposal yards.

RAP-Subbase Blend for Governmental Institutions with 50% of RAP

Due to the superior quality of the RAP-Subbase blend with 50% RAP (CBR = 120%)
compared to the conventional subbase (CBR = 80%), an equivalent thickness of RAP-
sand layer is predicted using the layer coefficient of each material. Using the previous

methodology, the resilient modulus (Mr) of each material was estimated.

According to Eq. (4.1) above, the Mr values for RAP-subbase mix with 50% RAP are
377.2 MPa. The following equation (4.3) was used in the second phase to calculate the

layer coefficient for the two types of materials:
a3 = 0.227 = Logio(Mr) — 0.839 (4.3)

According to equation (4.3), a 20 cm conventional subbase layer and a layer of 50% RAP
mixing with subbase material were compared, and the unit cost per square meter was then

computed. The layer coefficient for the 50% RAP mixture is 0.24.
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The corresponding layer coefficients for 50% RAP mixing from Eq. (3) are 0.24 and 0.21.

Subbase layer with 20cm thickness costs $3.77/m? where mixing with 50% RAP material

with thickness of 20 cm cost equals:

Costsoy rap = (0.5 X RAP COST + 0.50 X Subbase cost)
Costsor rap = (0.5 X 2.29 + 0.5 X 3.77)= $3.03/m>

Where subbase cost/m? = $3.77/m?

This results in a 19.6% cost reduction over the standard material. When taking costs of
disposal into account the cost will be reduced to $2.32/m?; therefore, the cost reduction

over standard material will be 38.5%.

In addition to reducing road construction costs, using a mixture of RAP material and
natural materials will reduce the use of natural materials and the duration of the project,
as transporting materials from outside the project takes more time than skimming. Also,
there is no additional work required for mixing and implementing on site because the

grader performs the mixing in the same manner as when using a subbase.

4.5.2.4 RAP-Base Course Blend for Governmental Institutions with 30% of RAP

The study's experiments revealed a notable improvement in the materials' properties,
particularly with regard to CBR, sand equivalent, and proctor. Here, mixing can be used
by RAP to enhance the properties of the foundation materials that have weak properties.

According to the following, using base course in the mixture is economically feasible:

Since the CBR is greater than 80%, the study can be applied to base course materials and

the previous results are still valid.

RAP cost/m? = $2.29/m?
Base course cost/m? = 78 X 0.2=15.6 NIS/m*~ $4.46/m>

Where mixing with 30% RAP material with thickness 20cm cost equals:

Cost3os rap = (0.3 X RAP COST + 0.70 X Base Course cost)
Costson rar = (0.3 X 2.29 + 0.70 X 4.46)

Costz0% rap = $3.81/m?

Where base course cost/m? = $4.46/m>
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This results in a 14.6% cost reduction over the standard material. When taking the cost of
disposal into account, the cost will be reduced to $3.1 /m?; therefore, the cost reduction
over standard material will be 30.5%.

4.5.2.5 RAP-Base Course Blend for Governmental Institutions with 50% of RAP

RAP cost/m? = $2.29/m?

Base course cost/m? = $4.46/m?
Where mixing with 50% RAP material with thickness 20cm cost equals:

Costsow, rap = (0.5 X RAP COST + 0.5 X Base Course cost)
Costsov rap = (0.5 X 2.29 + 0.5 X 4.46)

Costsov, rap = $3.38/ m?
Where base course cost/m? = $4.46/m>

This results in a 24.2% cost reduction over the standard material. When taking costs of
disposal into account the cost will be reduced to $2.67/m?; therefore, the cost reduction
over standard material will be 40%.

4.5.2.6 Unit Cost Analysis of RAP-Subbase Blend for Private Sector

According to Table 4.2, the unit price of milling material for the private sector will go up
to 58 NIS/m>. Consequently, since the institutions do not incur any costs as a result of
these materials, the economic feasibility will decrease due to the additional cost of milling
materials.

4.5.2.7 RAP-Subbase Blend for Private Institutions with 30% of RAP

According to Table 4.2 RAP cost/m? = 58 x 0.2=11.6 NIS/m? = $3.31/m?
Subbase cost/m? = 66 X 0.2=13.2 NIS/m?~ $3.77/m?

Where mixing with 30% RAP material with thickness 20cm cost equals:

Costzoy rap = (0.3 X RAP COST + 0.70 X Subbase cost)
Costzo rap = (0.3 X 3.31 + 0.70 x 3.77)=

Costzo% rap = $3.63/m?
Where Subbase cost/m? = $3.77/m?
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This results in a 4% cost reduction over the standard material. When taking the cost of
disposal into account, the cost will be reduced to $2.92/m?; therefore, the cost reduction

over standard material will be 22.5%.

4.5.2.8 RAP-Subbase Blend for Private Institutions with 50% of RAP
According to Table 4.2 RAP cost/m? = 58 x 0.2=11.6 NIS/m? = $3.31/m?
Subbase cost/m? = 66 X 0.2=13.2 nis/m>=$3.77/m>

Where mixing with 50% RAP material with thickness 20cm cost equals:

Costsoy rap = (0.5 X RAP COST + 0.5 X Subbase cost)
Costsov rap = (0.5 X 3.31 + 0.50 X 3.77) =

Costsov, rap = $3.54/ m?

Where Subbase cost/m? =$3.77/m?

This results in a 6.1% cost reduction over the standard material. When taking the cost of
disposal into account, the cost will be reduced to $2.83/m?; therefore, the cost reduction

over standard material will be 25%.

4.5.2.9RAP-Base Course Blend for Private Institutions with 30% of RAP

RAP cost/m? = $3.31 /m?
Base Course cost/m? = 78 x 0.2=15.6 NIS/m?=$4.46/m>

where mixing with 30% RAP material with thickness 20cm cost equals:

Cost3os rap = (0.3 X RAP COST + 0.70 X Base Course cost)
Costzon rap = (0.3 X 3.31 + 0.70 X 4.46)

Cost3go rap = $4.12/ m?
Where Base Course cost/m?> = $4.46 /m?

This results in an 8% cost reduction over the standard material. When taking the cost of
disposal into account, the cost will be reduced to $3.41/m?; therefore, the cost reduction

over standard material will be 23.5%.
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4.5.2.10 RAP-Base Course Blend for Private Institutions with 50% of RAP

RAP cost/m? = $3.31 /m?
Base Course cost/m? = 78 X 0.2=15.6 NIS/m?>=$ 4.46 /m>

Where mixing with 50% RAP material with thickness 20cm cost equals:

Costsow, rap = (0.5 X RAP COST + 0.5 X Base Course cost)
Costsoo rap = (0.5 X 3.31 + 0.5 X 4.46)

Costsoy, R = $3.88/ m?
Where Base Course cost/m? = $4.46/m>

This results in a 13% cost reduction over the standard material. When taking the cost of
disposal into account, the cost will be reduced to $3.17/m?; therefore, the cost reduction

over standard material will be 29%.

4.6 Discussion of Results

Table 4.8 and Figure 4.9 provide a summary and comparison between the costs of mixing

the RAP with different percentages for the governmental and private sectors.

Table 4.8
Subbase and Base Course Cost via Mixing Cost for Governmental Institutions and Private Sector

o o
Material 30% RAP 50% RAP 30% RAP50% RAP

Sector Material Cost Cost Cost COSt. COSt.
Type ($/m?) ($/m?) ($/m?) Reduction Reduction

(%) (%)

Governmental Subbase 3.77 2.62 2.32 31% 38%

sector Base Course 4.46 3.10 2.67 30% 40%

Private sector Subbase 3.77 2.92 2.83 23% 25%

Base Course 4.46 341 3.17 24% 29%

Average Value 27% 33%
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Figure 4.9

Economic Comparison of Subbase and Base Courses for Governmental and Private

Sect

The

cost reduction $/m2
[N
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1.6 B 30%RAP cost
1.4 reduction $/m2

12 4 m 50%RAP cost
reduction $/m2
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0.6 -
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summary of results of the cost study are as follows:

In the Palestinian territories, RAP materials are accessible and extremely cost
effective when compared to natural materials.

This is especially true for governmental and non-governmental institutions that own
the RAP material since these materials are free and they only incur transportation,
spreading, and rolling costs. The cost is significantly reduced in direct proportion to
the amount of RAP in the mixture.

Regarding Table (4.8), in the government sector, a decrease in the cost is noticed
when using a mixture of 30% RAP and 70% subbase materials by 31% and up to
38% when increasing the proportion of RAP up to 50%. However, when using RAP
mixture with base course materials by 30% in the governmental sector, the decrease
percentage reaches 30%, and it increases when the percentage of RAP materials in
the mixture increased up to 50%, to reach 40%.

Regarding Table (4.8), in the private sector, a decrease in the cost is noticed when

using a mixture of 30% RAP and 70% base-course materials by 23% and up to 25%
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when increasing the proportion of RAP up to 50%. However, when using RAP
mixture with base course materials by 30% in the private sector, the decrease
percentage reaches 24%, and it increases when the percentage of RAP materials in
the mixture increased up to 50%, to reach 29%.

Looking at the previous results, we see the convergence of prices between the
percentages of 30% and 50%, but the 30% rate achieves a significant improvement
in the properties of the materials, particularly (sand equivalent, CBR, MDD), and a
reduction in the cost was achieved for a range of (18-27)% of the cost of natural
materials. Therefore, it is economically feasible, in addition to shortening project
duration and maintaining the environment.

Approximately 900 thousand square meters have been scraped over the past three
years by various institutions in Ramallah and the Al-Bireh Governorate. The cost of
transporting to landfills is $0.71/m? per square meter (Appendix G.II), and the losses
incurred by institutions from the transfer of these materials alone amount to

$639,000.
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Chapter Five

Conclusions and Recommendations

5.1 General

The world in general and the Palestinian territories in particular suffer from the lack of
natural materials suitable for use as foundation materials in the streets. This is due to the
poor properties of raw materials at times, and, for the Palestinian case, the control of the
Israeli occupation over areas classified "C" where quarries exist, in addition to the high

transportation prices.

On the other hand, since RAP materials are usually disposed in landfills without achieving
any benefit from them, and they cost the institutions additional costs related to
transportation and landfill fees, this thesis aims to study the possibility of using the RAP
materials as foundation materials in specific proportions to reduce the costs of road

projects and preserve the environment and natural resources.

5.2 Conclusions
The following points illustrate the main conclusions of the research:

e Base course constitutes 81% of the total materials used by institutions in Ramallah
and the Al-Bireh Governorate, while subbase materials constitute only 19%.

e In Ramallah and Al-Bireh Governorate, 35,955.68 tons of RAP materials are
produced without achieving any benefits from them, so they are thrown into landfills,
which costs these institutions an estimated amount of $639,000 during the last three
years.

¢ One third of the base course samples’ comprehensive test results in Ramallah and Al-
Bireh Governorate in the last year 3 failed. The reason for this is due to the use of
mobile crushers to produce base course using rocks extracted from building
excavations in order to lower construction costs, transportation costs, and landfill fees.
Additionally, excavation is carried out using conventional excavators to somewhat
shallow depths because of the restrictions put in place by the authorities to using

blasting in excavations in addition to the clay layers between the rock layers.
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RAP materials are difficult to mix and compact separately due to their low (PI) values,
and cannot be used as a foundation material without the addition of fine materials to
produce well-graded material.

Due to the presence of a high proportion of sandy materials compared to clay
materials, RAP material has a high sand equivalent.

CBR for RAP material was very low and did not match the subbase specifications,
but can use as filling material. The RAP material's poor granular cohesion, difficulty
in absorbing water, poor gradation, and other factors all contribute to its low
durability.

The PI of RAP is almost zero. The presence of the binder around the (RAP) aggregate
leads to poor water absorption, serves as an insulator to stop water from entering the
material from the outside, and weakens the bonds between the granules, such as sand.
It also explains low value of MDD and OMC.

Contrary to subbase materials in Ramallah and Al-Bireh Governorate, which suffer
from a high percentage of fine materials, RAP material suffers from a very low
percentage of fine materials, especially passing through sieve No. 200. However,
when mixing the materials together, we obtain a mixture with a good homogeneous
gradation, and the percentage of fine materials becomes within the acceptable limits,
which enhances the effectiveness of the mixture.

In comparison to fresh aggregate, RAP aggregate has a lower specific gravity. This is
because old binder is trapped inside the pores of RAP aggregate, and RAP aggregates
have already been subjected to a repetitive loading and wear and tear.

The use of RAP materials as foundation materials is possible, as it was found that the
mechanical properties of the mixture improve remarkably until reaching a percentage
of 32.5%, after which the properties of the mixture decrease in some characteristic
such as (MDD and CBR). This ratio represents the optimal value of the mixture. Other
characteristics continue to improve with the increase in the rate of RAP and here it is
possible to obtain materials with better properties so that its specifications match the
required specifications up to 50%. The reason for this is that when the binder materials
are added to the subbase materials, the proportion of sandy materials increases and
the gradient's consistency rises, improving the mixture's performance up to a certain
percentage (32.5%). After which, the proportion of fine materials in the mixture

decreases, resulting in the loss of required bonding, and the consistency falls.
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e Using a combination of equal amount of natural material and RAP materials can
reduce the cost per square meter of base course by 34.5% and the cost per square
meter of subbase materials by 31.5%. Using a combination of 30% of the RAP
materials can also result in savings of 27% of the base course and subbase materials'

original cost.

5.3 Recommendations

Based on the results of the thesis, it is recommended to use the premix materials in a
mixture with subbase materials or base course materials in ratio between (20-50) % to
improve the properties of these materials to become within the required specifications. It
is also possible to obtain base course (grade A) when mixing subbase materials with RAP

by 30%.

In order to reduce the cost of road projects and preserve the environment and natural
resources, relevant Palestinian institutions are encouraged to put the results of this study
into practice and amend the Palestinian specifications to permit the use of RAP materials

and their mixing with natural materials.

5.4 Limitations and Future Research

In order to obtain more accurate results that are representative of all the Palestinian
territories, this research must be conducted similarly in other governorates. This will
assist in developing a guide for the use of RAP materials. It is necessary to conduct this
study across all of the governorates because the nature of the rocks varies from one

governorate to another.

The final recommendation of this thesis is to apply the study to all the governorates of the
Palestinian territories, especially those that suffer from the weakness and scarcity of

foundation materials, especially the governorate of Jericho and the Jordan Valley.
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List of Abbreviations

Abbreviation Meaning
CBR California Bearing Ratio

CIR Cold In-Place Recycling

ECES Emar Center for Engineering Studies
FDR Full Depth Reclamation

FWD Failing Weight Deflector Test

GMT Geotechnical Material Testing Center
GPR Ground Penetrating Radar

HIR Hot in-place recycling

HMA Hot Mix Asphalt

LWD Light Weight Deflector Test

MDD Maximum Dry Density

MOPWH Ministry of Public Work & Housing
MR Modulus of Sub Grade

NA Natural Aggregate

OMC Optimum Moisture Content

RA Recycled Aggregate

RAP Recycled Asphalt Pavement

RCA Recycled Coarse Aggregate

VDOT Virginia Department of Transportation
WPB waste plastic bags

OBC Optimum Bitumen Content
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Appendices

Appendix A
Photos for the Tested for RAP and Subbase and mixture material

Appendix A.l

Photos for sieve analysis of subbase and

Appendix A.II

Photos taken for Waterberg’s limits for RAP material
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Appendix A.LI

Photos taken for sieve analysis for RAP material

Appendix A. IV

Photos taken for passing sieveN0200 of RAP material
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Appendix A.V

Photos taken for sand equivalent of RAP material and for CBR test for mixing

material

Appendix A.VI

Photos taken for Waterberg’s limits and for CBR test for mixing material
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Appendix A. VII

Photos taken for Sieve analysis test for mixing material




Appendix A. X

Photos taken for Los Angeles abrasion test for mixing material

Appendix B

Photo of mobile crushers in Ramallah and Al-Bireh, and stationary crushers in

Jama'in Nablus
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Appendix C

RAP material test

Appendix C.I

Comprehensive Milling Material Test Reports For milling material
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Test Result

1. Sieve analysis according to ASTM C 136-06" standard test method for sieve

analysis of fine and coarse aggregate".

Wt. Cumulativ
Sieve Size Retained e Specification Specification
(im) (g) % Passing subbase B Base course
2.0 0.0 100.00 80-100 100 |
15 0.0 100.00 70-95 o 70-100 |
1.0 737.6 88.91 60-95
3/4 846.3 76.18
1/2 1386.2 55.34 47-80
3/8 786.0 43.52
4.0 1289.0 24.13 30-60
10.0 800.0 12.10 22-45
40.0 471.8 5.01 10-30
200.0 260.7 1.09 5-15
Pan 724 0.00 - -
Sieve Analysis
100.00
H = - 90.00
j = 8000 ~
H — l/ ‘ 70.00 §
= 7 / 60.00 é‘
= / 5000 2
4000 &
3000 &
/I/ > 2000 §
—E 10.00 ﬁ':
0.00
001 010 100 10.00 100.00
Sieve Size (mm)
Page 2 of 4
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2. Proctor For Milling Material sample NO 1

Proctor For Milling Material sample NO 1
Proctor Mould Vohume (Cm ) 200 | Reference Standard: AASHTO (T180-93)
No.of Layers: § | TotalBlows:280 [ Weight of Hammer - 4 5kg
Compaction Trial No. A B Cc D E
[Weight of Mould +~ Wet Soil (W2) gm. 3760 8385 9120 9225 2091
[Weight of Mould W) _em 4340 4340 4840 4840 4840
[Weight of WetSoll _(W2)(W1) gm. 3920 1046 1280 1385 4251
[Density of Wet Soil gm'cm ° 1859 1.918 2029 2079 2016
|Micisture Content Can # 1 2 3 4 s
[Weight of Can + Wet Soil (Ww) _gm. 309.6 337.9 329.1 4222 420
Weight of Can + Dry Soil (Wd) _gm. 3033 326.6 3156 398.8 3924
Weight of Can (We)  gm. 384 370 36.1 356 40.1
Weight of Moisture _(Ww) - (Wd) gm. 63 113 135 234 276
[Weight of Diy Soil d)-(We) gm. 2649 289.6 2795 363.2 1523
ﬁ. isture Content % 232 3.76 4.61 6.05 7.27
|1>_,T Density of Soil gm/cm™ 1.817 1.849 1.940 1.961 1.879

Maisture Content- Dry Density Curve

1.580
2 1960 /_b
E s L 2 -~ N
E“ 1520 o \
B 1500 Pl N
é 1.880 F
2 1860
in:' 1840 // .
1820 |
1.800
20 30 40 5.0 60 7.0 20
Moisture Content %
Max. Dry Density gm/cm’ 1.961
Optimum Moisture Content % 6.1
3. Sand Equivalent Test: according to ASTM D24 I 9-02
Sample Clay Sand Sand Average Sand NOTE
N: Reading Reading Equivalent Equivalent Specification
: (mm) (mm) (%) (%)
" Approved
1 4.9 43 88 88 25(Min.)
Page 3 of 4
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4. Plasticity index, according to ASTM D 4318-10 "standard test method
for liquid limit, plastic limit, and plasticity index of soil"
Plasticity Index =0 (Non plastic material)

5. California Bearing Ratio
CBR=21%

6. Report of Los Angeles Abrasion Test for Aggregate Used in Milling Material

Original Oven Dry Wt. Retained on Loss in
e Wt Sieve #12 (gm) Weight ani(-m
(gm) Abrasion after 500 Rev. (gm)
1 5000 3860 1140 22.8
> EN e Slagis Dﬂﬂ,f
Page 4 of 4
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Appendix C.I1

Comprehensive Milling Material Test Reports For kofor nemeh Road
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Test Result

Aail gl gl Axala

1. Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Yo

Sieve Size % Cumulative Passing Specificati Specificati
(mm) Retained | % Retained subbase B Base course B
50.00 0.00 0.00 100.00 80-100 « 100 ok
37.50 0.00 0.00 100.00 70-95 70-100
25.00 11.09 11.09 88.91 60-95 55-85
19.00 12.73 23.82 76.18 50-80
12.50 20.85 44.66 55.34 47-80 45-80
9.50 11.82 56.48 43.52 ] 40-70 j |
4.75 19.38 75.87 24.13 RIS Not ok ERISIIE Not ok

2.00 12.03 87.90 12.10 22-45 ERGEGS 20-50 SR
0.43 7.09 94.99 5.01 10-30 EEES JLIER{I Not ok
0.075 3.92 98.91 1.09 5-15 Not ok 5-12 Not ok
Pan 100.00 100.00 0.00
Sieve Analysis
— = 100 00
I — e 2000 =
| — /8 eed )
: s0
Z—* ‘oo 1
= 2000 3
[ = e ;0 00 f’:
0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2. Proctor For Milling Material sample NO 2

Proctor Mould Volume sCm's) x 2109 | Reference Standard: AASHTO (T180-93)
No.of Layers : § | Total Blows : 280 | Weight of Hammer : 4 Skg

Moisture Content %

Max. Dry Density gm/cm’
Optimum Moisture Content %

1.907
4.98

Compaction Trial No. A B C D
Weight of Mould + Wet Soil (W2) gm 8612 8854 9062 8942
Weight of Mould (W1) gm. 4840 1840 4840 4840
Weight of Wet Soil _(W2)-(W1) gm 3772 4014 4222 4102
Density of Wet Soil E-m's 1.789 1.903 2.002 1.945
Moisture Content Can # 1 2 3 4
Weight of Can + Wet Soil (Ww) gm. 309.6 3379 329.1 4222
Weight of Can + Dry Seil (Wd) gm. 3033 326.6 3145 398.8
Weight of Can (We)  gm. 38.4 37.0 36.1 356
Weight of Moisture _(Ww) - (Wd) _gm. 63 113 14.6 234
Weight of Dry Soil __(Wd) - (We) _gm. 264.9 289.6 278.4 363.2
Moisture Content % 232 3.76 4.98 6.05
Drv Density of Soil gm/em ™ 1.748 1.834 1.907 1.834
Mosture C'ontent- Dry Density Curve

1920

o _-.-\

< 1900

E 1880 // \\

= 1860

Eb 1940 / \.

2 1820

Z  1s00 //

& 1780

g 1760 _._/

= 1740
1720
1.700

20 30 40 50 60 70

3. Sand Equivalent Test: according to ASTM D24 1 9-02

Sample Clay Sand Sand Average Sand Note
N, f Reading Reading Equivalent Equivalent Specification
: (mm) (mm) (%) (%)
Page 3 of 5§
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. ad 89.4 30.0 (Min.) Approved

4. Plasticity index, according to ASTM D 4318-10 "standard test method
for liquid limit, plastic limit, and plasticity index of soil"
Plasticity Index=0  (Non plastic material)

5. California Bearing Ratio
CBR=19.7%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Milling Material NO 2

1 5000 3700 1300 26
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Appendix C.I11

Comprehensive Milling Material Test Reports for Ramallah —Jerusalem Road

An Najah National Al gl) 7 ladl) daaly

University

16/07/2022 :g )l
03 : adl
praall Jabadl alls gical) ;
Glags p¥e a: A
(Milling Material 03) 4 (axb millii 15 gua gall

) ) Pug ‘i_.—l_y.“
9999999 M*J % q&:‘

el i Y1 il atE ) (5 gaa o i diealall Al ) (e e Sy 6 Bel g piagall 5 LING
el oal @ Glaladl afa 5 Sall il pal "l il 85yl Jlael o Gl a1 dBida ind 3 5 S s 503
29 el (Shasié oMo ) Ul (U8 e pdgall e ladal 5 s (Milling Material) 33ke Sl gad
Aaala B Yy il 5 a2 e U e adl) RS o) a5 el Bl Gy g LS 8 2022-06

t b LaS il S g dgila gl - Laill

Test Result Specification note
Plasticity Index (P.I) 0 2-8 Not Approved
Sand Equivalent 87 25 (Min.) Approved
Percent Passing Sieve No.200 4.61 (5-12 Subbase A) Not Approved
(5-15 Subbase B)
Los Angeles after a#500 23.6 40 (Max.) Approved
Optimum Moisture Content 4.61 - Approved
Maximum Dry Density (M.D.D) 1.897 2.05 (Min.) Approved
gm/cm’
California Bearing Ratio (CBR 15.73 40 (Min.) Approved
(@ 0.1”)

Gl T2 25 3 ga il Bl il pall 5 i podl) e (5 putand (B e ; A he

o) sy i) ae
Clais ¢3e, a
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Test Result
1. Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

o,

Sieve Size Yo Cumilative I'as/:ing Specification Specification
(mm) Retained | % Retained bb Base course B
50.00 0.00 0.00 100.00 | 80-100 100 |
37.50 0.00 0.00 100.00 70-95 | 70-100 |
25.00 5.46 5.46 9454 | 60-95 | 55-85
19.00 7.17 12.64 87.36 50-80
12.50 15.36 28.00 72.00 47-80 45-80
9.50 27.16 55.16 44.84 | 40-70 |
4.75 32.74 87.90 12.10 30-60 ERNEEGSE 30-60 ENENS
2.00 4.25 92.15 7.85 22-45 INGEEIE 20-50 IR
0.43 3.12 95.27 4.73 10-30 EGEGSE 10-30 NGRS
0.075 0.12 95.39 4.61 R Bl Not ok 5-12 Not ok

Pan 100.00 100.00 0.00 - -
Sieve Analysis
= T
e 7 m—E
|11
P f——tus )
v 4000 &
=" a1
= —— = 1000 2
0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2. Proctor For Milling Material sample NO 2

Proctor Mould Volume (Cm~): 209 | Reference Standard- AASHTO (T180-93)
No. of Layers : 5 | Total Blows : 280 | Weaght of Hammer : 4.5kg
Compaction Trial No. A B c D
Weight of Mould ~ Wet Soil (W2) =m 9851 10165 10478 10420
Weight of Mould (W1) em 6292 6292 6292 6292
[Weight of Wet Sol (W2)-(W1) gm 3559 3873 4186 4128
[Density of Wet Soil gm/em > 1.688 1836 1585 1.957
|Pisisture Content Can # 1 2 3 1
Weight of Can + Wet Soil (Ww) gm. 309.6 3379 329.1 4222
Weight of Can + Dry Seil (Wd) gm. 3033 326.6 315.6 3988
[Weight of Can (We) gm. 38.4 37.0 36.1 356
Weight of Moisture  (Ww) - (Wd) gm. 6.3 11.3 138 234
Weight of Dry Seil  (Wd) - (We) gm. 2649 289.6 279.5 363.2
[Moisture Content % 232 3.76 4.61 6.0
I Drv Density of Soil &. -3 1.649 1770 1.897 1.846

Moisture Content- Dry Density Curve
1.970
2 1
g 1910 ‘\\
S 18% } N
E 150 > >
o8 &30 >
g 1o
Z
1.770
E 1.750 /
a 1730 —
> 1710 —
£ 16s0
a 1.670
1.650 —F—
1630
1610
20 30 40 5.0 60 70
Moisture Content %

Max. Dry Density gm/cm’ 1.897
Optimum Moisture Content % 4.61

3. Sand Equivalent Test: according to ASTM D24 1 9-02

Sample Clay Sand Sand Average Sand
N, ';9 Reading Reading Equivalent Egquivalent Specification
) (mm) (mm) (%) (%)
1 4.9 4.3 87 87 25 (Min.)

Page 3 of 4
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4. Plasticity index, according to ASTM D 4318-10 "standard test method
for liquid limit, plastic limit, and plasticity index of soil"
Plasticity Index =0  (Non plastic material)

5. California Bearing Ratio
CBR=15.73%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Milling Material NO 2

1 5000 3820 1180 23.6

H S e o s
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Appendix D: Subbase material test
Appendix D.I

Comprehensive Subbase Material Test Reports for betunia Road

An Najah National Lt ol 7 ladl) Al

University

2022/07/16 133
04 sl
pinall laludt S8 gSal)
Glagié £M8 o : dacd g
(Subbase Materail No.01) L jash milti g g galf

L s B s+ adsall
dny g dda Las

i
Sl iyl i sl g gan * lsiny pualdl Al e oSy ¢ oBlel pogpall 5 LEYL
el @ laludl A sl Gl il M gl G dl Jeed 8 Qe Ak g M gaS 0 g
(e oo p) Ul O e adgall 0o 3] 5 Al (Subbase Material No.01)5sbs <laa sa
(o Sy bl ad bl 3L e U s il BBS ol jaf oSy g WS (S 2022-07-04 E

e LS Al oS g Ak gl Aol Aadls

o Comprehensive Subbase Material-Reports: 2022/06/01 (Non compacted)

Test Result Specification Note
Liquid Limit (L.L) 26.42 30 (Max.) OK
Plastic Limit (P.L) 20 - OK
Plasticity Index (P.I) 6.42 2-8 OK
Sand Equivalent 2.2 25 (Min.) OK
Percent Passing Sieve No.200 13.43 (5-12 Class A Not | OK class B

Compacted)
(5-15 Class B Not
Compacted)

Los Angeles after a#S00 36.16 40 (Max.) OK
Optimum Moisture Content 9.3 -- OK
Maximum Dry Density (M.D.D) gm 2.05 2.05 (Min.) OK
California Bearing Ratio (CBR @ 74.27 40 (Min.) OK
0.1")

(Subbase NO.01) M ga andl Aalall Cildial gall g cilia gadll o ES)...:;] (3 e : AaaMa

alai ede, a
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate"'.

Sieve Size Cumulative Specification Specification
(mm) % Passing Base course A
50.00 100.00 100
37.50 90.44 70-100
25.00 80.05 55-85
19.00 68.95 S0-80
12.50 62.14 45-80

9.50 54.62 40-70
4.75 40.71 30-60
2.00 28.53 20-50
0.43 17.61 10-30
0.075 13.43 5-10
Pan 0.00 - -
Sieve Analysis
,-—f- 100.00
= / 90.00

o / 3000 =

—= 7000 &

s 6000 2

P 50.00 'é

-/// 1000 8

— 3000 B

20.00 g

— 1000 2

- 0.00
001 010 1.00 10.00 10000
Sieve Size (mm)
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2.Proctor For Subbase Material sample NO 1

Subbase Material NO.01

Proctor Mould Volume (Cm ) -

200 |

Reference Standard: AASHTO (T180-93)

No.of Lavers: 5 !

Total Blows - 280 |

Wesght of Hammer - 4.5kg

Compaction Tnal No. A B C D
Weight of Mould + Wet Soil (W2) gm. 10530 10750 11005 10950
Weight of Mould (W1) em 6278 6278 6278 6278
Weight of Wet Soil (W2(W1) gm 4252 4472 4727 4672
Density of Wet Soil _gm/cm ° 2016 2120 2241 2215
e Content Can # 1 2 3 4
‘Weight of Can + Wet Soil (Ww)  gm. 1260 1350.0 1416 1440.0
Weight of Can + Dry Seoil (Wd) gm. 1325.0 1300.0 1330.0 1348.0
Weight of Can (We)  gm. 496.0 496.0 496.0 496.0
Weight of Moisture  (Ww)-(Wd) gm. 35.0 50.0 86.0 92.0
Weight of Dry Soil __ (Wd) - (We) _gm. 829.0 804.0 834.0 852.0
Moisture Content % 4.08 5.85 9.35 9.78
Dry Density of Soil El“'-s 1.938 2.003 2.050 2.019
Moisture Content- Dry Density Curve

- 2090

< 207

E 2.050 /J/

2030 .

oo 2.010

z 1.9%0

= ~

= 1970

g 1950 T

S s

o 1%10

a 1890

1.870
1850
40 50 60 70 80 90 10.0 11.0
Moisture Content %
Max. Dry Density gm/cm’ 2.050
Opti Moisture C. % 9.3
3.Sand Equivalent Test: according to ASTM D24 1 9-02
Rt Clay Sand Sand Average Sand
;;P Reading | Reading Equivalent Equivalent Specification
. (mm) (rmm) (%) (%)
1 115 29 252 25.2 25.0(Min.)
Page 3 of §
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4 Plasticity index, according to ASTM D 4318-10 "standard test
method for liquid limit, plastic limit, and plasticity index of soil"

Sample | Can | Can | ConWE | ConWO 1 ypiiure Dry | No.of | Moisture
No. Ne. Weight | Wt. Wet | Wt. Dry Weight Weight Blows Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 A 12.12 3480 30.20 46 18.08 28 25.44
2 B 12.14 2260 20.40 2.2 826 26 26.63
3 c 12.35 36.50 31.30 52 19.0 20 27.44
4 D 12.36 24.80 22.05 275 9.7 15 28.38
Plastic Limit Tes
5 | E [ 1264 ] 350 | 3135 | 375 | 1em | - | 2004
LIQUID LIMIT CHART
400
- [y=-0.2035x+31.503
£ 300
E —r—,
<
0.0 J
10 100

NO. OF BLOWS

LL = 26.42
PL. = 20.0
PI = LL-PL = 6.4

5.California Bearing Ratio

Page 4 of §
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6.CBR= 74.27%

Ak glf ladl) dasla

Subbase material NO. 1

7. Report of Los Angeles Abrasion Test for Aggregate Used in

‘Wt. Retained on

Loss in

Original Oven Dry
Seople Wt Sieve #12 (gm) Weight RA"“"'E(:;‘)
- (gm) Abrasion after 500 Rev. (gm) :
1 5000 3192 1808 36.16
S¥a e a ¢ Slaid g
Page Sof §

74




Appendix D.IT

Comprehensive Subbase Material Test Reports for Ramallah —Jerusalem Road

An Najah National dgib gl Lol daaly
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25/07/2022 1
05 s R
piaall lalud) A8 g€al ;
Clagis [ Aad g
(Subbase Materail NO.2) 4 (aad milli 1§ g sall

wadll Al (’1_)&_‘1\.& : {‘.‘iJ‘h
9999999 “" % **ﬁ

Sl il ililing aladid (5 gan " () ging imsalall Al ) (e e 38 g0 o3el g gaa gl N5 VL
el pal i Glalad alla 5ol cil , 8l " okl 835l Jlael 3 Gl Adds il o g S0 508
b (Silasie o3 p) Ul U (ja aBgall (e Wl o5 305 (Subbase Material  (025:ta s gad
Aaala A Slad) g il Al and ol 2L da BU Sila gadll DS o) ja) Sy el Bl g LS 32022-07-18

¢ ol LS il il y il - laid

Test Result | Specification Note
Liquid Limit (L.L) %o 21.1 30 (Max.) Ok
Plastic Limit (P.L) %o 18.9 -- Ok
Plasticity Index (P.I) 2.2 2-8 Ok
Sand Equivalent %o 54 25 (Min.) Ok
Percent Passing Sieve No.200 % | 9.17 (5-12 Class A Ok

Not Compacted)

(5-15 Class B Not

Compacted)
Los Angeles after a#500 Yo 35.8 40 (Max.) Ok
Optimum Moisture Content %o 7.6 == Ok
Maximum Dry Density (M.D.D) 2.083 2.05 (Min.) Ok
gm/cm?®
California Bearing Ratio (CBR @ 0.1” 127 40 (Min.) Ok

(Subbase 02) 3 se anil Lalall Cial sall 5 s il 2005 oS sl 38 e Aaadle

al sl g a8l aa
Clagis sMe, 2
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Material Type: & Base Course
Total Sample 5000.00 gm
|Reference Standard: (AASHTO - T27-14) } (Approved )
Sieve Size | Wt. Retained % Cumulative | % Passing
| (mm) (@ Retained | % Retained
50.00 0.0 0.00 0.00
37.50 241.9 484 484
25.00 501.6 10.03 14.87
19.00 382.0 7.64 2251
12.50 761.0 15.22 37.713
9.50 683.0 13.66 51.39
4.75 1150.0 23.00 7439
2.00 572.0 11.44 85.83
0.43 180.0 3.60 89.43
0.075 70.2 1.40 90.83
Pan 458.3 100.00 100.00
b Sieve Analysis
== 7 7— 100.00
f ” 90.00
.00 2
/’ 80 0.\=
7 70005
s / 60.00.8
50.00 2
¥ 40 oonﬂ"
30.00 E
| ;0 00 E
-
10.00
- - 0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2.Proctor For Subbase Material sample NO 2

Subbase Material
Proctor Mould Vohane (Cm”): 200 | Reference Standard: AASHTO (T180-93)
No.of Layers: § | Total Blows : 280 | Weight of Hammer : 4.5kg
Compaction Tral No A B c D
Weight of Mould = Wet Soil (W2) gm. 9270 9560 9600 9575
Weight of Mould (W1) gm. 4835 4835 4835 4835
(Weight of Wet Soil _ (W2)(W1) gm 4435 4725 4765 4740
[Density of Wet Soil gm em® 2103 2240 2259 2248
AL e Content Can # 1 2 3 4
[Weight of Can + Wet Soil (Ww) gm. 3ss 263.0 4264 607.5
Weight of Can + Dry Seil (Wd)  gm. 3720 246.0 390.0 543.0
[Weight of Can (We)  gm. 365 388 19.9 372
[Weight of Moisture (W) - (Wd) gm. 16.0 17.0 164 64.5
(Weight of Dry Soil _ (Wd)- (We)  gm. 3355 2075 3301 505.8
Al e Content % 455 7.57 9.42 1131
|Drv Density of Soil pjcn"‘ 2.011 2.083 2.065 2.019
Mousture Content- Dry Density Curve
2090
0 /b\
g 2070 - [
-~
E 205
13
= \\
S 2030
g e
a 00
‘:.
=  19%
1.970
55 65 75 85 95 105 15 125
Moisture Content %
Max. Dry Density gm/cm’ 2.083
Optimum Moisture Content % 7.6
3.Sand Equivalent Test: according to ASTM D24 I 9-02
Sample Clay Sand Sand Average Sand
N, op Reading Reading Equivalent Equivalent Specification
: (mm) (mm) (%) (%)
1 6.2 34 54 54 EhOghiy
Page 3 of 5
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Sample | Can Can Can+Wt. C“':_w“ Moisture Dry No.of | Moisture
No. No. Weight | Wt Wet | Wt. Dry Weight Weight Blows Content
(gm) (gm) (gm) (gm) (gm) Yo
Liquid Limit Test
1 A 12:12 51.00 45.00 6 32.88 15 18.25
2 B 12.14 52.50 46.00 6.5 33.86 26 19.20
3 1 12.90 52.70 46.10 6.6 332 15 19.88
4 D 12.36 52.00 45.60 6.4 B2 26 19.25
Plastic Limit Test
5 | 5 [ 1300 [ 2810 [ 2570 | 24 [ 127 [ - T 189
LIQUID LIMIT CHART
400 \
F 500 [y =-0.2975x+ 28.548
£
o — e
-~
B 200
Z
=
=
100
14
NO. OF BLOWS
LL = 21.1
PL = 18.9
PI = LL-PL = 2.2
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5.California Bearing Ratio
CBR= 127%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Subbase material NO. 1

1 5000 3210 1808 35.8

Page 5 of 5
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Appendix D.IT

Comprehensive Subbase Material Test Reports for kofor-nemeh Road
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25/07/2022 700
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pAinall el S8 gi€ad ¢
clais edle o s dasl g
(Subbase Material NO.3) 4 (ash milii ;¢ gua sall
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samsanns 129 Al 42l
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Al (g8 a5 il 0 52 S DU o gl RS ) ] 5 fan S £ 82022-07-20
D LS il calsy Ak gl Ll

*  Comprehensive Subbase Material-Reports: 2022/06/01 (Non compacted)

Test Result | Specification Note
Liquid Limit (L.L) %o 38 30 (Max.) Ok
Plastic Limit (P.L) %o 22 - Ok
Plasticity Index (P.I) 16 2-8 Not Ok
Sand Equivalent %o 20 25 (Min.) Not Ok
Percent Passing Sieve No.200 % | 14.05 (5-12 Class A Ok class B

Not Compacted)
(5-15 Class B Not

Compacted)
Los Angeles after a#500 %o 38 40 (Max.) Ok
Optimum Moisture Content %o 9.4 -= Ok
Maximum Dry Density (M.D.D) 2.00 2.05 (Min.) Not Ok
gm/cm’
California Bearing Ratio (CBR @ 0.1) 55.4 40 (Min.) Ok

(Subbase) 3 s paxil fualad) Slival gall § Sila gaill 7l 4S5 juaad (3 )e ; Aaadla

a_halY) g il aa
Glayis edle, o
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate.

Wt. Y
Sieve Size Retained Y% Passing Specification Specificati
(mm) ® Retained bb Base course A
50.00 0.0 0.00 100.00 80-100 100 |
37.50 241.9 4.84 95.16 70-95
25.00 501.6 10.03 85.13 60-95
19.00 382.0 7.64 77.49
12.50 761.0 15.22 62.27 47-80
9.50 683.0 13.66 48.61
4.75 900.0 18.00 30.61 30-60
2.00 520.0 10.40 20.21 22-45
0.43 238.0 4.76 15.45 10-30
0.075 70.2 1.40 14.05 5-15
Pan 702.3 100.00 0.00 -
Sieve Analysis
y—— 100.00
— s 90.00
e T £000 =
— - 7000
/- / 6000 2
// 5000 'Z
4000 £
3000 &
2000 2
i 1000 2
- - 0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
2.Proctor For subbase No.03
Page 2 of §
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Proctor Mould Volume (Cm °) : 2109 | Reference Standard: AASHTO (T180-93)
No. of Layers : 5 | Total Blows : 280 [ Weight of Hammer : 4.5k
Compaction Tnal No_ A B C D
[Weight of Mould + Wet Soil (W2) gm. 2030 9250 8450 9420
%@n of Mould W1) =m. 4833 4835 4335 4835
Jeight of Wet Soil (W2)}(W1) gm. 4215 4415 4613 4383
Density of Wet Soil gm/cm 1.999 2.093 2.188 2174
foisture Content Can # 1 2 3 El
[Weight of Can + Wet Soil (Ww)  gm. 388 263.0 426.4 607.5
[Weight of Can + Dry Soil (Wd) _ gm. 372.0 246.0 390.0 543.0
‘eight of Can (We) gm. 36.5 385 399 372
‘eight of (Ww)-(Wd) gm. 16.0 17.0 36.4 645
[Weight of Dry Soil __(Wd) - (We) _gm. 3355 207.5 350.1 505.8
Moisture Content % 4.55 757 9.42 11.31
D1y Density of Soil gm!m”" 1.912 1.946 2.000 1.953
Maoisture Content- Dry Density Curve
2050 I
2 20
E o0
g 199
1970 P il ™SS
g 1950 / \-—
5 1930
=
= 190 &
8 1ee
1870
1.850
45 55 65 75 85 9.5 105 115
Moisture Content %
Max. Dry Density gm/cm’ 2.000
Optimum Moisture Content % 9.4
Saninle Clay Sand Sand Average Sand Note
N : Reading Reading Egquivalent Equivalent Specification
* (mm) (mm) (%) (%)
i Not Ok
1 13.5 2.6 29 20 A
Page 3 of 5
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3.Sand Equivalent Test: according to ASTM D24 I 9-02

4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Sample | Can Can Cnn+Wt. Ca'LWL Moisture Dry No.of | Moisture
No. No. Weight | Wt. Wet | Wt. Dry Weight Weight Blows Content
(gm) (gm) (gm) (gm) (gm) Yo
Liquid Limit Test
1 1 12.80 49.80 39.60 10.2 26.8 15 38.06
7 ] 2 13.00 50.00 40.00 10 27 30 37.04
3 3 12.90 49.50 39.50 10 26.6 15 37.59
4 4 12.36 51.00 40.20 10.8 27.8 26 38.79
Plastic Limit Test
s | 2 [ 1300 [ 2780 [ 2460 | 32 | e [ - [ 215
LIQUID LIMIT CHART
400
: |
% 30.0 I}’:-D 2975x+ 28.548
] — &
£ 200 ——
g
z
100
14
NO. OF BLOWS
LL = 37
PL = 22.0
Pl = LL-PL = 15
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5.California Bearing Ratio

CBR=554%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Subbase material NO. 3

Original Oven Dry Wt. Retained on Loss in
it wt. Sieve #12 (gm) Weight | ADrasion
0. 5 Ratio (%)
(gm) Abrasion after 500 Rev. (gm)
1 5000 3100 1900 38
S a s o Sladd gMe o
Page 5 of 5
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Comprehensive Subbase Material Test Reports for Betunia Road
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Clasid ede s Ao g
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. ] ri -R : 2022/07, N
compacted)
Test Result | Specification Note
Liquid Limit (L.L) %o 21.1 30 (Max.) Ok
Plastic Limit (P.L) %o 18.2 - Ok
Plasticity Index (P.I) 2.9 2-8 Ok
Sand Equivalent Yo 43.5 25 (Min.) Ok
Percent Passing Sieve No.200 % | 10.39 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 Yo 39.5 40 (Max.) Ok
Optimum Moisture Content Yo 8.16 - Ok
Maximum Dry Density (M.D.D) 2.093 2.05 (Min.) Ok
gm/cm’
California Bearing Ratio (CBR @ 0.17) 65 40 (Min.) Ok

(Subbase NO.04) 3 5 aail Lalall Slival sall 5 Slos saill 75005 4% paal (38 5e : Aaadle

ol sall g paadll aa
Glais e3le, o
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Test Result

1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

il Cumulative G
Sieve Size Retained Yo Passing Specification Specification
(mm) (g) Retained | % Retained bb Base course A
50.00 0.0 0.00 0.00 100.00 80-100 100
37.50 336.0 5.70 5.70 94.30 70-95 70-100 ‘:
25.00 504.0 8.56 14.26 85.74 60-95 55-85 |
19.00 376.0 6.38 20.65 79.35 50-80
12.50 862.0 14.63 35.28 64.72 47-80 45-80
9.50 624.0 10.59 45.87 54.13 40-70
4.75 1040.0 17.66 63.53 36.47 30-60 30-60
2.00 876.0 14.87 78.40 21.60 22-45 20-50
0.43 540.0 9.17 87.57 12.43 10-30 10-30
0.075 120.0 2.04 89.61 10.39 5-15 5-10
Pan 612.0 100.00 100.00 0.00 - =
Sieve Analysis
P—u 100.00
== 7 90.00
. -/- ﬂ 80.00 —
— A 2000 &
,/ 60.00 2
Z A 000 %
- // 4000 £
3000 g
— 2000 8
J 10.00 g
. 0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2.Proctor For subbase No.04

il o)) - Ladl) Al

2

|_Proctor Mould Volume !Cm_a) z

109

Reference Standard: AASHTO (T180-93)

I

No.of Layers : §

Total Blows : 280

| Weight of Hammer : 4.5kg

Compaction Tnal No. A B e D
[Weight of Mould + Wet Soil (W2) em. 10450 10750 11026 10980
W eight of Mould W1) gm. 6252 6252 6252 6252
[Weight of WetSoil  (W2)-(W1) gm. 4198 1498 477 1728
Density of Wet Soil _gm/em 1.901 2133 2264 2242
foisture Content Can ¥ 1 2 3 4
[Weight of Can + Wet Seil (Ww)  gm. 390 382.0 420 463.0
[Weight of Can + Dry Soil (Wd)  gm. 375.0 361.0 389.0 419.0
[Weight of Can (We)  gm. 36.5 385 39.9 372
[Weight of Moisture (W) - (Wd) _gm. 15.0 21.0 310 44.0
[Weight of Dry Soil _ (Wd) (W) gm. 338.5 322.5 349.1 381.8
Moisture Content % 424 6.11 8.16 10.33
D1+ Density of Soil gmfm”a 1.909 2.010 2.093 2.032
Moisture Content- Dry Density Curve
~ 209
<, 2070 /‘ N
E o0 -
= 2030 - \
B zow /
& 19% 7
" 1.970 7
5 1950 //
B 1930
g 1910
2  18%0
1870
1850
43 53 63 73 83 93 103 11:3
Moisture Content %
Max. Dry Density gm/cm’ 2.093
Optimum Moisture Content % 8.16
3.Sand Equivalent Test: according to ASTM D24 I 9-02
Saianls Clay Sand Sand Average Sand
N, ‘f’ Reading Reading Equivalent Equivalent Specification
i (mm) (mm) (%) (%)
1 8.1 3.5 435 43.5 M)
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Sample Can Can Can+Wt. CarLWl. Moisture Dry No. of | Moisture
No. No. Weight | Wt. Wet | Wt Dry Weight Weight Blows Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 1 12.80 60.50 52.50 8 39.7 20 20.15
2 2 13.00 61.60 53.30 8.3 40.3 25 20.60
3 3 12.80 60.60 5230 8.3 39.5 20 21.01
4 4 13.00 61.00 53.00 8 40.0 25 20.00
Plastic Limit Test
5 | 1 [ 1290 | 3820 [ 3430 | 3.9 [ 214 | - T 1822
LIQUID LIMIT CHART
400 ‘

:

- r=_() 2075v+ I8 54%

§ 5 [y=-02075x+28 548

B

] — =

£ 200

Z

=

<

100
14
NO. OF BLOWS

LL = 211
PL = 18.2
Pl = LL-PL = 29
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5.California Bearing Ratio

CBR= 65 %

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Subbase material NO. 4

s I Original Oven Dry Wt. Retained on Loss in A ral
anpe Wit. Sieve #12 (gm) Weight TApan
No. 2 Ratio (%)
(gm) Abrasion after 500 Rev. (gm)
1 5000 3025 1975 39.5
Ba awia Glayid ele
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Appendix E: Mixing material test
Appendix E.I

Comprehensive Mixing Material with 10% RAP material Test Reports

-

An Najah National
University

2022/09/ 10:3)
08 Bl
‘n)ulg-hui Al sl . uJi
Qe ge o ; Aol g
(Mixing Material NO.01) 4 pasd zili £ s sal)

L s £ M pdsall
daygdph doas

ol cliul¥t il shadial gean " g iualall Alu; e e aSy ¢ odlel £ gall 5 LEVL
eloal @ Jalull e oSl cal i M cpladi 3 GLRN Jleed b Gl 2Bk el 3 5 90
e (A1 juimats lghald i g Jaadll 3 ge (e %10 4 (Mixing Material NO.0O1) 83bs Cilaagad
ela) f5 2022-08-03 Fl $52a juau pedigall Sieluay (Slasié edle ) Ul O s 2ol daala

:ﬁﬁ?ﬂl@'ﬁ,mﬁl:‘;ﬁ\&:“qgﬁ QA',.JE)ENQ!JJA%J)U'&L.:,;J\Z}S

o Comprehensive Mixing Material NO.0OI1-Reports: 2022/09/10 _ (Non

compacted)
Test Result | Specification Note
Liquid Limit (L.L) % | 26.36 30 (Max.) Ok
Plastic Limit (P.L) %o 20 - Ok
Plasticity Index (P.I) 6.36 2-8 Ok
Sand Equivalent %o 27.4 25 (Min.) Ok
Percent Passing Sieve No.200 % | 11.53 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % 35.8 40 (Max.) Ok
Optimum Moisture Content %o 7.3 - Ok
Maximum Dry Density (M.D.D) 217 2.05 (Min.) Ok
_gmlcm“
California Bearing Ratio (CBR @ 0.1”) | 108.08 40 (Min.) Ok

(Mixing Material NO.01) 35 pandl Lalall cliial gall g il gadll 2000 oS5 juaal 38 50 ; dBa3e

al Aallg 85 aa
P e _pGGlLA-,lﬁPj‘:.(
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Test Result
1.Sieve analysis according to ASTM C 136-06"" standard test

method for sieve analysis of fine and coarse aggregate"'.

Wit e lative %

Sieve Size Retained % Passing Specification Specification
(mm) @) Retained %o Retained subbase B Base course A
50.00 0.0 0.00 0.00 100.00 80-100 100 |
37.50 240.0 7.58 7.58 92.42 70-95 70-100
25.00 352.0 11.12 18.70 81.30 60-95 5585 |
19.00 527.0 16.65 35.36 64.64 50-80
12.50 453.0 14.31 49.67 50.33 47-80 45-80
9.50 161.0 5.09 54.76 45.24 40-70
4.75 243.0 7.68 62.43 37.57 30-60 30-60
2.00 320.0 10.11 72.54 27.46 22-45 20-50
0.43 368.0 11.63 84.17 15.83 10-30 10-30
0.075 136.0 4.30 88.47 11.53 5-15 | 510
Pan 365.0 100.00 100.00 0.00 - -

Sieve Analysis
100.00
— 90.00
= 80.00 =
—_— 70.00
60.00 £
50.00 E
40.00 e'..
3000 2
2000 5
-
10.00
+ 0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2.Proctor For Mixing No.01

Al gl ladl) daaly

Proctor For Milling Material sample NO 1
Proctor Mould Volume (Cm?): 2109 | Reference Standard: AASHTO (T180-93)
No. of Layers : § | Total Blows : 280 | Weaght of Hammer : 4 5ke
C Trial No. A B c D E F
Weight of Mould ~ Wet Sod (W2) _gm. §900 9084 9236 9532 9150 | 9678
Veight of Mould WI) gm 1840 4840 4840 4840 4840 | 4840
Weight of Wet Soil (W (W1) gm. 1060 [ 1306 1631 910 | 4ms
Pensity of Wet Soil_gmcm 1925 2.012 2089 2.226 2328 | 2294
oisture Content Can # 1 2 3 3 s 3
tof Can+ Wet Soil (Ww) _gm. 300.6 3379 3201 4222 420 | 3150
‘eight of Can + Dry Soil (Wd) _ gm. 2033 3266 3156 3988 | 3924 | 2000
‘eight of Can We) _gm 384 370 361 356 401 | 390
eight of Moisture _ (Ww)- (Wd) _gm. 63 113 135 234 276 | 250
NWeight of Dry Seil _(Wd) - (We) g 2649 289.6 2795 3632 | asaa | 210
Moisture Content % 232 376 461 6.05 737 | s.06
[ Densiey of Soil g/em 1.551 1.939 1.997 2009 | 2170 [ 2102
Moisture Content- Dry Density Curve
2190 I
oy 2170 T
) 2150
g 213 ~ >
= 2110
g 209 / b‘
bl 1441 =
£
Z 20
S 1% }
2 1570
~ 1950
£ i
a s -
1890 1 —
1.870 '3—’
1.850
20 30 40 50 60 80 90 100
Moisture Content %
Max. Dry Density gm/cm’ 2.170
Opti Moisture C. % 7.3
3.Sand Equivalent Test: according to ASTM D24 1 9-02
Sample Clay Sand Sand Average Sand
o Reading Reading Equivalent Equivalent Specification
No. % i
(mm) (mm) (%) (%a)
1 11.5 315 27.4 27.4 25.0(Min.)
Page 3 of 5§
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of so1l"

Report of Atterberg Limits Test sample #1 (10%)

Sample | Can Can Can Wt. + Can Wt. + | Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wit. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) Y
Liquid Limit Test
1 1 20.40 55.50 48.35 7.15 27.95 28 25.58
2 5 20.20 54.00 47.00 26.8 26 26.12
3 3 2030 56.00 4825 7.75 28.0 20 27.73
4 6 20.80 53.40 46.15 7.25 254 15 28.60
Plastic Limit Test
s | 6 [ 2080 3320 | 3530 | 290 [ 14s [ - | 2000
LIQUID LIMIT CHART
400 " P
n ly=-0.2357x+32.253
§ 300
A
E 200
z
100
10 100
NO. OF BLOWS
LL 26.36
PL = 20.0
Pl = LL-PL = 6.36
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5.California Bearing Ratio
CBR=108 %

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 01

1808 358

=
]
]
i
o

Bl S p Cilayié }jﬁ.f
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Appendix E.II

Comprehensive Mixing Material with 15% RAP material Test Reports
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10/09/2022 &5l
09 R
pAaal Jlalud) & gl ;
Cilagié $34e a1 Aand g2
(Mixing Material NO.03) &s (aad milii 18 g gall

Ligiup Ll adgal
sosmrary 225 Al dgas
Sl i) colilig aladi) (5 g " ) gins lialall Al e e 328y ohel g g sl M5 LEYL
oyl 8 ald ala [ aCal il " e i G Jlael 8 Y1 A G it o 1S 00
Dfiha A a yaadglgdala 25 Al g Jaadll 3 se 36 %15 4 (Mixing Material NO.03 33k Slaa gad
ol 2 p552022-08-04 F )5 e sra edigall Sacluay s (Shasie ¢3le p) llall 08 ezl Daals
ok LS il S Al g Lol Amala 3 Sl gall e il b e U il padll 43S

*  Comprehensive Mixing Material NO.01-Reports: 2022/09/10 (Non_

compacted)
Test Result | Specification Note
Liquid Limit (L.L) % | 25.9 30 (Max.) Ok
Plastic Limit (P.L) %o 19.8 - Ok
Plasticity Index (P.I) 6.1 2-8 Ok
Sand Equivalent % 28.5 25 (Min.) Ok
Percent Passing Sieve No.200 % | 11.18 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % | 353 40 (Max.) Ok
Optimum Moisture Content % 6.98 — Ok
Maximum Dry Density (M.D.D) 2.089 2.05 (Min.) Ok
gm/cm’
California Bearing Ratio (CBR @ 0.17) [126.95| 40 (Min.) Ok

(Mixing Material NO.03) J ¢ pasdl Lalall Slical sall § Sloa gaill =0l 2S5 juaad (8 je 1 Adaadle
al iay) g spaadl) aa
P la e Sladis edle, o
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Test Result

1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

we Cumulative %

Sieve Size Retained % Passing Specification Specification
(mm) (g) Retained % Retained bbase B Base course A
50.00 0.0 0.00 0.00 100.00 80-100 100 | !
37.50 340.0 8.28 8.28 91.72 70-95 70-100 |
25.00 442.0 10.77 19.05 80.95 60-95 55-85
19.00 700.0 17.06 36.11 63.89 50-80
12.50 624.0 15.20 51.32 48.68 47-80 45-80

9.50 350.0 8.53 59.84 40.16 40-70
4.75 450.0 10.96 70.81 29.19 30-60 30-60
2.00 365.0 8.89 79.70 20.30 22-45 20-50
0.43 268.0 6.53 86.23 13.27 10-30 10-30
0.075 106.0 2.58 88.82 11.18 5-15 5-10
Pan 459.0 100.00 100.00 0.00 - -

Sieve Analysis

001 0.10 1.00 10.00 100.00
Sieve Size (mm)
Page 2 of 5

96



An Najah National
University

Al gl 7o) daals

2.Proctor For Mixing No.03

Mixing Material No.03(15%)

Proctor Mould Volume (Cm'a L 2109 | Reference Standard: AASHTO (T180-93)
No. of Layers : 3 | TotalBlows:280 | Weight of Hammer : 4.5kg
Compaction Tral No. A B C D
[ Weight of Mould + Wet Soil (W2) gm. 10620 10820 11018 10900
Weight of Mould (W1) em 6304 6304 6304 6304
Weight of Wet Soil (W2)(W1) gm 4316 4516 4714 4596
Density of Wet Soil gm-'cmq 2.046 2.141 2235 2179
Moi Content Can # 1 2 3 4
Weight of Can + Wet Soil (Ww)  gm. 1300 1310.0 1254 1220.0
Weight of Can + Dry Soil (Wd)  gm. 1280.0 1270.0 1198.0 1155.0
Weight of Can (We)  gm. 452.0 452.0 452.0 452.0
Weight of Moisture  (Ww) -(Wd) gm. 20.0 40.0 56.0 65.0
Weight of Dry Soil  (Wd)- (We) gm. 828.0 §18.0 746.0 703.0
& Content %% 2.36 4.66 6.98 8.46
Drv Density of Soil gm/m.'-‘ 1.999 2.046 2.089 2.009

Moisture Content- Dry Density Curve

2110
2 e .‘\
E p—
£ 00 /
£ e
80 2050 /
£ 200 —
=
S 2010 F
= . L
g 1990
A 1o
1.950
20 30 40 50 60 7.0 80 90
Moisture Content %
Max. Dry Density gm/cm’ 2.089
Optimum Moisture Content % 6.98
3.Sand Equivalent Test: according to ASTM D24 I 9-02
Samile Clay Sand Sand Average Sand
‘:V op Reading | Reading Equivalent Equivalent Specification
’ (mm) (mm) (%) (%)
1 11.4 3.25 28.9 28.5 .00Min.)
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4. Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Atterberg Limits Test sample #3 (15%)

Sample | Can Can Can Wt.+ | Can Wt.+ | Moisture Dry No.of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 I 20.40 54.80 47.90 6.9 275 28 25.09
2 8 23.40 55.00 48.55 6.45 25.15 26 25.65
3 1 20.40 56.00 48.40 7.6 28.0 20 27.14
4 6 20.80 53.40 46.20 7.2 25.4 1 28.35
Plastic Limit Test
5 | 8 [ 2340 [ 3945 | 3680 | 265 [ 134 | - ] 1978

LIQUID LIMIT CHART

400 1 L sy
B ly=-0.2495x+ 32.108
5
£ 300
= S—
=
g M’
~
E 200
H
=
“

100

10 100

NO. OF BLOWS

LL = 25.9
PL = 19.8
PI = LL-PL = 6.1

5.California Bearing Ratio
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CBR=126.95 %

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 03

3235 1765 353

Bl e ¢ Glad e
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Appendix E.IIT
Comprehensive Mixing Material with 20% RAP material Test Reports

An Najah National dosila gl) o)) daaly
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22/09/2022 740
10 : 220
piaall Jalud) & g8 ; D
cilagid e ,p 1 Al g
(Mixing Material NO.04) Lie jasd milli ;5 guia sall

s i ; gl o
”””” m‘-’ % m
Slaall clin) Slilie aladid (5 gaa " O piny el Al G e JaS g6 odel g g gall 5 LSV
ol ) & Aaladl ala 5 Sal) Gl 5l " a8 3 el el B ) Aida o3 o paS 0y 505
it Al jumaig lehla 5 Al g Jasdll o ga 050 %20 4 ((Mixing Material NO.04 33 Sla gad
el 2 @592022-08-08 fa s Sha jaau (udigall Baebluas y (Dlasie e3le o) calllall J (e Lol Aaals
oo LS el il Al g il Amals Sl gl e il A U il gl 43S

*  Comprehensive Mixing Material NO.0I-Reports: 2022/09/22 (Non

compacted)
Test Result Specification Note
Liquid Limit (L.L) % | 25.5 30 (Max.) Ok
Plastic Limit (P.L) Y 19.7 - Ok
Plasticity Index (P.I) 5.8 2-8 Ok
Sand Equivalent % | 28.7 25 (Min.) Ok
Percent Passing Sieve No.200 % | 11.07 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % 34.8 40 (Max.) Ok
Optimum Moisture Content % 8.3 - Ok
Maximum Dry Density (M.D.D) 2.107 2.05 (Min.) Ok
 gm/cm’
California Bearing Ratio (CBR @ 0.1) 164.3 40 (Min.) Ok
+

(M[x:ng Material NO.04) 2 5« wand) aldll Clial gall 5 lia gall c_ltu (‘S:‘_)""“" (8 e ddasSla

'al‘)ia';'lj uadal) &
S e e a ¢ Cladd ¢de, o
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

2 Cumulative w
Sieve Size Retained %o Passing Specificati Specification
(mm) (g) Retained | % Retained bbase B Base course A
50.00 0.0 0.00 0.00 100.00 80-100 | mk 100 '
37.50 338.0 9.80 9.80 90.20 70-95 . g_k 70-100
25.00 492.0 14.26 24.06 75.94 60-95 ok | 55-85
19.00 310.0 8.99 33.04 66.96 | ok | 50-80
12.50 498.0 14.43 47.48 52.52 47-80 | ok | 45-80
9.50 206.0 5.97 53.45 46.55 L .| 40-70
4.75 476.0 13.80 67.25 32.75 30-60 | ok | 30-60
2.00 410.0 11.88 79.13 20.87 22-45 20-50
0.43 260.0 7.54 86.67 13.33 10-30 10-30
0.075 78.0 2.26 88.93 11.07 5-15 [ 5-10
Pan 382.0 100.00 100.00 0.00 - -
Sieve Analysis
100.00
S I 90.00
- nag
0.00 =
60.00.8
i %
5000 =
40.00 =
30.00 E
20002
-5
] 10.00
t 0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2.Proctor For Mixing No.04
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Mixing Material No.04(20%)
Proctor Mould Volume (cm‘3 )i 2109 ] Reference Standard: AASHTO (T180-93)
No. of Layers : 5 | Total Blows : 280 | Weight of Hammer : 4.5kg
Compaction Trial No. A B C D
Weight of Mould + Wet Soil (W2) gm. 10650 10832 11080 10880
Weight of Mould W1) _em. 6268 6268 6268 6268
Weight of Wet Soil _(W2){W1) em. 4382 1584 4812 1612
Density of Wet Soil _gm/cm ° 2078 2174 2282 2187
Moisture Content Can # 1 2 3 4
Weight of Can + Wet Soil (Ww) gm. 1268 1260.0 1352 1450.0
Weight of Can + Dry Soil (Wd)  gm. 1250.0 1220.0 1278.0 1350.0
Weight of Can (We)  gm. 460.0 160.0 160.0 460.0
Weight of Moisture (W) - (Wd) _gm. 18.0 40.0 74.0 100.0
Weight of Dry Seil _ (Wd)-(Wc) gm. 790.0 760.0 818.0 890.0
Moi Content % 223 5.00 8.30 10.10
Dry Density of Seil Ell/l‘lllq 2.032 2.070 2.107 1.986
Moisture Clontent- Diy Density Curve
2150
-
<E 2130
S 2110 o >
En 2,090 P \
. 2070 / \\
Py
» \\
A 203 ® i \
£ 200
a \
1990 P
1.970
2.0 3.0 40 50 60 7.0 80 9.0 10.0
Moisture Content %
Max. Dry Density gm/cm’ 2.107
Optimum Moisture Content % 8.30
3.Sand Equivalent Test: according to ASTM D24 1 9-02
Samile Clay Sand Sand Average Sand
N, t;p Reading | Reading Equivalent Equivalent Specification
) (mn) (mm) (%) (%)
1 11.3 3.24 28.7 28.7 25.0(Min.)
Page 3 of §
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Atterberg Limits Test sample #4 (20%)

Sample | Can Can Can Wt. + Can Wt. + Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
i 3 20.30 55.50 48.50 7 28.2 28 24.82
2 8 23.40 54.90 48.55 6.35 2515 26 25.25
3 I' 20.40 56.00 48.45 7.55 28.1 20 26.92
4 6 20.80 53.40 46.40 7 25.6 15 27.34
Plastic Limit Test
5 |1 [ 2340 [ 3950 | 3685 | 265 [ 1345 | - [ 1970
LIQUID LIMIT CHART
40.0 5 | 1 st 1}
5 ly=-0.2042x+ 30.627
F 300
= —
S —
¥
£ 200
E
b=
10.0 !
10 100
NO. OF BLOWS

LL = 255
PL = 19.7
Pl = LL-PL = 58
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5.California Bearing Ratio
CBR= 165 %

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 04

1 5000 3260 1740 34.8

Bbla pawa o Claid gMe s
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Appendix E.IV

Comprehensive Mixing Material with 25% RAP material Test Reports
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26/09/2022 iz
11: 680
paad) Aalud) AE gasal s
Glasid Mo a Adac g
(Mixing Material NO.06) ke (asd zilii ¢ s gall

Lis gl sl
T
Sl cli ) lilie plasinl (5 gaa " oy il Al e e 3aS g e oMel p pam M3 LIV
ol ol & el Alla [ Sall Gl Bl M Gulanidi 3 el Jlasl b Ol Aiida a3 paS 0 g 538
i Al jumaiglehla 5l g sl o ga (e %25 A ((Mixing Material NO.06 53le s gad
¢l ol @152022-08-09 Fbi 8 Ola e pedigall Bae by g (Dlagie Mo p) Ul 18 Gz ladl) daals

o LaS il il Ak gl il el & il pall e iy da AN il paill AIS

Test Result | Specification Note
Liquid Limit (L.L) Yo 25.5 30 (Max.) Ok
Plastic Limit (P.L) % 19.4 - Ok
Plasticity Index (P.I) 5.8 2-8 Ok
Sand Equivalent %o 28.9 25 (Min.) Ok
Percent Passing Sieve No.200 % | 10.47 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % 34.4 40 (Max.) Ok
Optimum Moisture Content % 6.64 - Ok
Maximum Dry Density (M.D.D) 2.077 2.05 (Min.) Ok
gm/cm’
California Bearing Ratio (CBR @ 0.1”) 167.5 40 (Min.) Ok

(Mixing Material NO.06) 3 5o (asdl Laldll Clical sall 5 Clia gadll zil05 2S5 juasd (38 e ; Aaadla
al ial g Prrri] &
P Pla pawa ¢ Glais elle, a
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Material Type: | i & milling material #6 (25%) [
Total Sample| 3840.00 [gm
|Reference Standard: (AASHTO - T27-14) - ( Approved )

Sieve Size | Wt. Retained % Cumulative | % Passing|  Specification Specification
(mm) (® Retained | % Retained subbase B Base course A
50.00 0.0 0.00 0.00 100.00 | 80-100 | ok 100 ok
37.50 278.0 7.24 7.24 9276 | 7095 | ok | 70-100 | ok
25.00 372.0 9.69 16.93 83.07 | 6095 | ok | 5585 ok |
19.00 472.0 12.29 29.22 70.78 . | 5080 =
12.50 440.0 11.46 40.68 5932 | 4780 | ok | 4580 ok
9.50 296.0 7.71 48.39 51.61 | ok | 40-70 ok
4.75 618.0 16.09 64.48 3552 | 3060 | ok | 30-60 ok
2.00 474.0 12.34 76.82 2318 | 2245 | ok | 20-50 ok
0.43 372.0 9.69 $6.51 1349 | 1030 | ok | 1030 ok
0.075 116.0 3.02 89.53 10.47 515 ok 510
Pan 402.0 100.00 100.00 0.00 - =

Sieve Analysis
f—y 100.00
= / / 90.00
== ﬂ ico 00 §
// 0.00 =
60.00.8
/ J/ Z
/ / 50.00 £
/. / 4000 2
/ 30,00 &
2000 3
u ] 10.00
0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
2.Proctor For Mixing No.04
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Mixing Material No.06(25%)
Proctor Mould Volume (Cm ) : 2109 | Reference Standard: AASHTO (T180-93)
No.of Layers: § | Total Blows : 280 [ Weight of Hammer : 4.5kg
Compaction Tral No. A B C D
(Weight of Mould + Wet Soal (W2) em. 10650 10852 10970 10880
Weight of Mould (W1) gm. 6338 6338 6300 6338
Weight of Wet Soil (W2)(W1) gm 4312 4514 4670 4542
IDensity of Wet Soil em/cm > 2.043 2.140 2214 2.154
1
| Content Can # 1 2 3 4
[Weight of Can + Wet Soil (Ww) gm. 1620 1750.0 1724 1340.0
'Weight of Can + Dry Seil (Wd) gm. 1595.0 1700.0 1640.0 1255.0
Weight of Can (We)  gm. 458.0 458.0 458.0 458.0
Weight of Moisture  (Ww) - (Wd) gm. 25.0 50.0 84.0 8.0
(Weight of Drv Seil  (Wd) - (W¢) gm. 1137.0 1242.0 1182.0 797.0
Moi Content % 215 387 6.64 9.64
|23 Density of Soil E"..'f.‘;."ﬂ 2.002 2.061 2.077 1.964
Moisture Clontent- Dry Density Curve
- 2100 ‘
<\ 2080 —&
E 2060 .
[
2.040
El. P i \
. 2020
é_ 2000 i./
=
5 1980
,e 1.960 \—
E‘ 1.940
1920
1.900
20 30 40 50 60 70 80 90 100
Moisture Content %
Max. Dry Density gm/cm’ 2.077
Optimum Moisture Content % 6.64

3.Sand Equivalent Test: according to ASTM D24 1 9-02

Simivle Clay Sand Sand Average Sand
N (;D Reading | Reading Equivalent Equivalent Specification
. (mm) (mm) (%) (%)
1 11.2 3.237 28.9 28.9 25.0(Min.)
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Atterberg Limits Test sample #6 (25%)

Sample | Can Can Can Wt. + Can Wt. + | Moisture Dry No. of | Moisture
No. No. | Weight Wit Wet ‘Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 3 20.30 55.50 48.50 7 28.2 28 24.82
2 8 23.40 54.90 48.55 6.35 25.15 26 25.25
3 1 20.40 56.00 48.45 7.55 28.1 20 26.92
4 6 20.80 53.40 46.40 7 25.6 15 27.34
Plastic Limit Test
5 [ 3 [ 2030 [ 42as ] 3855 [ 363 [ 1825 | - [ 1980
LIQUID LIMIT CHART
400 q 1 I e
3 ly=-0.2042x+30.627
3 3
g 300
= —
5 .N
-
E 200
2
=
100 !
10 100
NO. OF BLOWS

LL = 25.5
PL = 19.9
Pl = LL-PL = 5.6

5.California Bearing Ratio
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CBR=167.5 %

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 06

C> ENETPIRPRRL - yL TN
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Appendix E.V

Comprehensive Mixing Material with 30% RAP material Test Reports
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26/09/2022 g
12 : 480
puisal) Jaludl alla | gisal) ;)
Clagé gMe ;Ao o
(Mixing Material NO.08) Ais jaad milll ;p g sall

L gy £ oLl 2B gall
B
Al il cililae aladiud (g gra " G ghas il Alu y Gee 3aSyeodlel g pumgall M5 LEYL
el @ Glalad alla HaSall cal ol " cpuda i 8 3 5kl Jlael b Gl Aid a3 o g S 6 py505
i A la juaatylehls 5 Ay Jaadl M ge e %30 s ((Mixing Material NO.O8 33ls Cilia gad
el ol 255 2022-08-10 F22 A58 Sha e (edigall 3o by 5 (Dlagis o3le a) Galllall Jd e - il Gl

ol LS il il dida g el Al b sl pall e il A U s i) A4S

Test Result | Specification Note
Liquid Limit (L.L) Y | 253 30 (Max.) Ok
Plastic Limit (P.L) Yo 19.7 - Ok
Plasticity Index (P.I) 5.6 2-8 Ok
Sand Equivalent Yo 30.2 25 (Min.) Ok
Percent Passing Sieve No.200 % | 10.13 (5-12 Class A Ok class A

Not Compacted)

(5-15 Class B Not

Compacted)
Los Angeles after a#500 % 33.9 40 (Max.) Ok
Optimum Moisture Content % 7.19 - Ok
Maximum Dry Density (M.D.D) 2.039 2.05 (Min.) Ok
gm/cm’
California Bearing Ratio (CBR @ 0.17) 151 40 (Min.) Ok

(Mixing Material NO.08) J 52 (el Lalall Sliial gall § Sila gaill milis oS5 juiaad (38 je: Adaadle

ol AaY) g uaiil as
EX > ENIYPMPLA PE S, TS
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Material Type: | mixture subb & milling material #8 (30%) |
Total Sample| 3140.00 [gm

Reference Standard: (AASHTO - T27-14) - ( Approved )

Sieve Size | Wt. Retained % Cumulative | % Passing| Specification Specification
(mm) (2 Retained | % Retained bb B Base course A
50.00 0.0 0.00 0.00 100.00 | 80-100 ok 100 | &

37.50 230.0 7.32 7.32 92.68 70-95 ok
25.00 307.0 9.78 17.10 $2.90 6095 | ok
19.00 3910 12.45 29.55 70.45 ok
12.50 358.0 11.40 40.96 59.04 | 4780 | ok
9.50 2425 7.72 48.68 51.32 ok
4.75 501.0 15.96 64.63 3537 30-60 [
2.00 390.0 12.42 77.05 22.95 2245 | ok
043 307.0 9.78 86.83 1317 | 1030 | ok
0.075 94.0 2.99 $9.82 10.18 515 ok
Pan 3195 100.00 100.00 0.00 -
Sieve Analysis
/—y 100.00
— 90.00
— A 80.00 =
— -, 2000 &
// 60.00 2
=
¥4 o 5000 Z
7 e =
s 4000 F
3000 %
— 2000 8
—1 1000 8
LS 000 ™
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
Page 2 of 6

111



An Najah National

University

Al gl 7 ) daaly

2.Proctor For Mixing No.08

Mixing Material No.08(30%)
Proctor Mould ‘-"oh.tme_(Cma_) - 2109 | Reference Standard: AASHTO (T180-93)
No. of Layers : 3 | Total Blows : 280 [ Weight of Hammer : 4.5kg
Compaction Tnial No. A B C D
Weight of Mould + Wet Soil (W2) em 10650 10832 11094 10880
Weight of Mould (W1) em. 6400 6400 6400 6400
Weight of Wet Soill  (W2)(W1) em. 4250 4452 1694 4180
Density of Wet Soil am/cm 2015 2111 2.226 124
Moisture Content Can # 1 2 3 4
Weight of Can + Wet Soil (Ww)  gm. 1200 1300.0 1196 1350.0
Weight of Can + Dry Soil (Wd)  gm. 1170.0 1245.0 1126.0 1260.0
Weight of Can (We)  gm. 2220 2220 2220 2220
Weight of Moisture  (Ww) - (Wd) gm. 30.0 55.0 70.0 90.0
Weight of Dry Soil _(Wd) - (We) gm. 945.0 1023.0 904.0 1038.0
Moisture Content % 3.07 5.10 7.19 7.98
Drvy Density of Soil em? 1.955 2.008 2.076 1.967

Moisture Content- Dry Density Curve

2100
- /-—-..\
< 2080
§ 2,060 // r \\
E 2040 7
2 2020
£ 200 \
g 1980 7 \
= 1960
E 1940 = ol
1.920
1900
30 40 5.0 6.0 1.0 80
Moisture Content %
Max. Dry Density gm/cm’ 2.076
Optimum Moisture Content % 7.19
3.Sand Equivalent Test: according to ASTM D24 1 9-02
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Sample Clay Sand Sand Average Sand
N, t‘:’ Reading | Reading Equivalent Equivalent Specification
- (mm) (mm) (%) (%)
1 11.1 3.35 30.2 30.2 25.0(Min.)

4, Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Atterberg Limits Test sample #8 (30 %)

Sample | Can Can Can Wt. + Can Wt. + | Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 3 20.30 56.00 49.00 7 28.7 28 24.39
2 8 23.40 55.40 48.90 6.5 25.5 26 2549
3 1 20.40 55.30 48.05 7.25 21.7 20 26.22
4 6 20.80 53.40 46.45 6.95 25.7 15 27.10
Plastic Limit Test
5 | 3 ] 2030 4300 | 3935 [ 375 [ 1905 | - | 1969
LIQUID LIMIT CHART
400 1 | S TS TS |
: ly=-0.1872x+29.964
g 300
[
5 ﬁ-_~~__.‘
«
= 200
s
S
-
100 |
10 100
NO. OF BLOWS
LL = 25.3
PL = 19.7
Pl = LL-PL = 5.6
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5.California Bearing Ratio

CBR= 151 %
000 77 . . 10,000
[ C T femoo
26,00 ot st an e
{1 +
24.00- i 2 e i
I % o
22004 oorili fie e
h i lrrooo
2000 2 : :
= 1800 / : [mxm
o
%mm sl :{th E
§ 14004 l 5
£
© 1200 -+ £4.000
10.00- : f
e : £3.000
: |
6.00-4 v/. ‘zmo
aond-fl i
e J/ £1.000
o2

000 200 400 600

Results

Percent umidity :
Volume :

Specimen weight -

Dry weight :
Penetration walue n*1 :
Penetration value n*2
Penetration stress n®1 :
Penetration stress n"2 :
CBR index :
Penetration offset :

- 30,000
800, 1000 1200 1400 1600 1800 20.00 2200 2400

Deformazione (mm)

w 0 %
v 0 em?
P 0 g
Yd NAN glem®
s1 3138 mm
52 0 mm
F1 1511 %
F2 0 %

F 1511 %

0 0638 mm

6. Report of Los Angeles Abrasion Test for Aggregate Used in

Mixing material NO. 08

Original Oven Dry Wt. Retained on Loss in :
S“};‘:‘P"‘ Wi, Sieve #12 (gm) Weight 2;’;:5(‘;';
g (gm) Abrasion after 500 Rev. (gm) 2
1 5000 3305 1695 33.9
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Comprehensive Mixing Material with 35% RAP material Test Reports
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*  Comprehensive Mixing Material NO.10-Reports: 2022/10/10 (Non

compacted)
Test Result | Specification Note
Liquid Limit (L.L) %o 25.2 30 (Max.) Ok
Plastic Limit (P.L) Yo 19.7 - Ok
Plasticity Index (P.I) 5.5 2-8 Ok
Sand Equivalent % | 30.54 25 (Min.) Ok
Percent Passing Sieve No.200 % | 10.04 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % | 335 40 (Max.) Ok
Optimum Moisture Content % | 6.31 - Ok
Maximum Dry Density (M.D.D) 2.081 2.05 (Min.) Ok
gm/cm’
California Bearing Ratio (CBR @ 0.1") | 164.34 40 (Min.) Ok

(Mixing Material NO.10) 3 sa (asdl faladl Slical gall 5 Sla sadll il oS5 juaad (3 e ddaadla

al dadl g padill xa
PP paawsa ¢ Sladit 6o, a
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Test Result

1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Material Type: mixture subbase & milling material #10 (35%) ]
Total Sample|  2650.00 |gm
Reference Standard: (AASHTO - T27-14) - ( Approved )
Sieve Size | Wt. Retained % Cumulative | % Passing
(mm) @ Retained | % Retained
50.00 0.0 0.00 0.00 100.00
37.50 168.0 6.34 6.34 93.66
25.00 170.0 6.42 12.75 87.25
19.00 116.0 4.38 17.13 $2.87
12.50 406.0 15.32 3245 67.55
9.50 268.0 10.11 42.57 57.43
4.75 514.0 19.40 61.96 38.04
2.00 350.0 13.21 75.17 24.83
0.43 264.0 9.96 85.13 14.87
0.075 128.0 4.83 89.96 10.04
Pan 266.0 100.00 100.00 0.00
Sieve Analysis
_/'-7—* 100.00
—_— 90.00
== i 80.00 =~
— /-7 70.00 %
z s 8
Z 7 o 8
o 3000 &
{__ 2000 &
10,00 @
000 =
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
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2.Proctor For Mixing No.10
Mixing Material No.10(35%)

Proctor Moutd Volume (lei ): 2109 I Reference Standard: A ASHTO (T180-93)
No. of Layers : 5 l Total Blows - 280 | Weight of Hammer : 4.5ke
Compaction Tnal No. A B [} D
Weight of Mould + Wet Soil (W2) am. 10580 10750 10920 10880
Weight of Mould (W1) gm 6254 6234 6234 6234
Weight of Wet Soil (W2(W1} egm 4326 4496 4666 1626
Density of Wet Soil _gm/cm ° 2051 2132 2212 2193
Moisture Content Can # 1 2 3 4
Weight of Can + Wet Soil (Ww)  gm. 1400 1350.0 1210 1230.0
Weight of Can + Dry Soil (Wd) gm. 1370.0 1300.0 1142.0 1140.0
Weight of Can (We) gm. 132.0 132.0 132.0 132.0
Weight of Moisture  (Ww) - (Wd) gm. 30.0 50.0 68.0 90.0
Weight of Dry Soil  (Wd) - (We)  gm. 1238.0 1168.0 1010.0 1008.0
Moi e Content % 237 4.11 6.31 8.20
Drv Density of Soil gm/cm 3 2.004 2.048 2.081 2.027

Moisture Content- Dry Density Curve

2.100
&
E a2m
~ - Ty
F / \
B 060 ]
£ v N
§ 2040
= / \
P
g 2020 v
2.000 +—4
19 29 39 49 5.8 69 79 8.9
Moisture Content %
Max. Dry Density gm/cm’ 2.081
Optimum Moisture Content % 6.31

3.Sand Equivalent Test: according to ASTM D24 I 9-02

Sdinple Clay Sand Sand Average Sand
N t;p Reading | Reading Equivalent Equivalent Specification
) (mm) (mm) (%) (%)
1 11 3.36 30.60 30.54 25.0(Min.)

4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"
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Report of Atterberg Limits Test sample #10 (35%)

Sample | Can Can Can Wt. + Can Wt.+ | Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) Yo
Liquid Limit Test
1 3 20.30 56.50 49.55 6.95 29.25 28 23.76
2 8 23.40 54.30 48.00 6.3 24.6 26 25.61
3 1 20.40 54.40 47.20 7.2 26.8 20 26.87
4 6 20.80 53.40 46.45 6.95 25.7 15 27.10
Plastic Limit Test
5 [ 3] 2030 | 410 [ 303 | 375 [ wos [ - | 19
LIQUID LIMIT CHART
446 7 1 =
: ly=-02313x+3098
g 300
= —
_3 '\‘_.
£ 20.0
E
=
100 1
10 100
NO. OF BLOWS
LL = 25.2
PL = 19.7
Pl = LL-PL = 5.5
5.California Bearing Ratio
CBR= 164.34 %
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6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 10

1 5000 3325 1675 33.5

Bbla ppaca ¢ Cilait gMe s
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Appendix E.V11 Comprehensive Mixing Material with 40% RAP material Test

Reports
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*  Comprehensive Mixing Material NO.10-Reports: 2022/10/10 (Non

compacted)
Test Result | Specification Note
Liquid Limit (L.L) %o 25.13 30 (Max.) Ok
Plastic Limit (P.L) Yo 19.69 - Ok
Plasticity Index (P.I) 5.44 2-8 Ok
Sand Equivalent % | 30.64 25 (Min.) Ok
Percent Passing Sieve No.200 % | 9.87 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % | 33.02 40 (Max.) Ok
Optimum Moisture Content % 6.64 - Ok
Maximum Dry Density (M.D.D) 2.061 2.05 (Min.) Ok
gm/cm’
California Bearing Ratio (CBR @ 0.17) | 162.23 40 (Min.) Ok

(Mixing Material NO.12) ¥ 5o (andl Aalall Slical all 5 Sls gmill 7050 oS5 jaad (3 je : Adasdle

fl‘J"AY\JJgﬂiE
Bl jrawa ¢ Cilad e, o
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Sieve Size | Wt. Retained % Cumulative | % Passing| Specification Specification
(mm) () Retained | % Retained bbase B _ Base course A
50.00 0.0 0.00 0.00 100.00 | 80-100 [ @ 100 >
37.50 168.0 6.35 6.35 93.65 70-95 70-100
25.00 170.0 6.43 12.78 8722 | 6095 | ok | 5585
19.00 116.0 4.39 17.16 82.84 ok 50-80
12.50 406.0 15.35 3251 67.49 47-80 ok 45-80
9.50 268.0 10.13 42.65 57.35 ok | 40-70
4.75 514.0 19.43 62.08 37.92 30-60 ok | 30-60
2.00 350.0 13.23 75.31 24.69 2245 | ok | 2050
0.43 264.0 9.98 85.29 14.71 10-30 ok 10-30
0.075 128.0 4.84 90.13 9.87 515 ok 510
Pan 261.0 100.00 100.00 0.00

Sieve Analysis
/-:7 100.00
f— 90.00
— B 80.00
ﬁﬁ /e -0.00

60.00
"L 50.00
i 40.00

— e 30.00
20,00

] 10.00

0.00
0.01 0.10 1.00 10.00 100.00

Percent Passing (%)

Sieve Size (mm)
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Mixing Material No.12(40%)
Proctor Mould Volume (les) . 2109 | Reference Standard: AASHTO (T180-93)
No. of Lavers : § | Total Blows:280 | Weight of Hammer - 4 Sk
Compaction Trial No. A B Cc D
Weight of Mould + Wet Soil (W2) gm. 10653 10852 11074 10880
Weight of Mould (W1) gm 6338 6338 6438 6338
Weight of WetSoil (W2)(W1) em 4317 4514 1636 4542
Density of Wet Soil gm cm ? 2.047 2.140 2.198 2.154
Moisture Content Can # 1 2 3 4
Weight of Can + Wet Seil (Ww)  gm. 1400 1650.0 1724 1200.0
Weight of Can + Dry Soil (Wd)  gm. 1370.0 1590.0 1640.0 1140.0
Weight of Can (We)  gm. 458.0 458.0 458.0 458.0
Weight of Moisture _(Ww) - (Wd) gm. 30.0 60.0 84.0 60.0
Weight of Dry Soil __ (Wd)- (We) gm. 912.0 1132.0 1182.0 682.0
e Content % 118 5.03 6.64 8.09
Drv Density of Soil Eﬁcm" 1.984 2.038 2.061 1.993
Moisture Content- Dry Density Curve
2.080
el
<E
8 2060 .
g \
,bl 2.040
=
5 zo2
a /
-
1
5 2.000 /
1.980
30 4.0 50 6.0 7.0 80
Moisture Content %
Max. Dry Density  gm/cm’ 2.061
Optimum Moisture Content % 6.64
3.Sand Equivalent Test: according to ASTM D24 1 9-02
Sample Clay Sand Sand Average Sand
N : Reading | Reading Equivalent Equivalent Specification
. (mm) (mm) (%) (%)
1 10.9 3.34 30.60 30.64 25.0(Min.)
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Waterberg Limits Test sample #12 (40%)

Sample | Can Can Can Wt. + Can Wt. + | Moisture Dry No. of | Moisture
No. No. | Weight Wit Wet ‘Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 1 20.40 55.10 48.40 6.7 28 28 23.93
2 8 23.40 54.20 48.00 6.2 24.6 26 25.20
3 1 20.40 55.80 48.35 7.45 28.0 20 26.65
4 6 20.80 53.60 46.45 7.15 257 15 27.88
Plastic Limit Test
5 [ 2 ] 2040 43.56 39.75 381 1935 [ - ] 1969
LIQUID LIMIT CHART
400 [E==j=—j=yr
B ly=-0.2861x+ 32281
g 300
= .'--.‘
! T
-
E 200
=
=
100 |
10 100
NO. OF BLOWS
LL = 25.13
PL = 19.69
Pl = LL-PL = 5.44
5.California Bearing Ratio
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CBR=162.23%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 10

1 5000 3349 1651 33.02

iﬁawe‘MIﬁﬁ,f
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Appendix E.VIII Comprehensive Mixing Material with 45% RAP material Test

Reports

An Najah National
University

dib gl) ladll daaly

10/10/2022 gyl
15 : &2
psinall Aalud) A& jgi€all 1 Y
Glagic ¢3e o A g4
(Mixing Material NO.13) e e gilli 1p g gall

Ligly g bd: adgal

srssosy 29 Ak A
Sl i) liling aladid (5 g0 " () i sl Al ) a5 S g6 oMel g g sall M5 EYG
Pl 8 aladl ala 5 Sal il sl " i (8 5 ) el (B Gl Ak a0 508
e Al pumanpLehald 5l dasll o e (e %45 A ((Mixing Material NO.13 33l Sloa b
el al 6352022-08-23 Folis Dla e (eigall saelioay s (Clasie e3e a) Ul 8 e Lol daala

¢ ol LS il ol y Ak ) el a1y il ) il R U sl ilS

* Comprehensive Mixing Material NO.10-Reports: 2022/10/10 (Non

compacted)
Test Result | Specification Note
Liquid Limit (L.L) % | 25.13 30 (Max.) Ok
Plastic Limit (P.L) % | 19.69 -- Ok
Plasticity Index (P.I) 5.44 2-8 Ok
Sand Equivalent % | 30.7 25 (Min.) Ok
Percent Passing Sieve No.200 % | 8.45 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 % | 325 40 (Max.) Ok
Optimum Moisture Content % | 6.10 - Ok
Maximum Dry Density (M.D.D) 2058 2.05 (Min.) Ok
gm/cm’ )
California Bearing Ratio (CBR @ 0.1™) 145 40 (Min.) Ok

(Mixing Material NO.13) 3 3a pasil falall Sliial sall y Sl i) il 2S5 jasd (38 50 : 2aadle

?HJ:\:-YL;#Ml&a
Bla e ¢ Slais g, o
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

[Material Type | mixture subbase & milling material #13 (45%) |
Total Sample|  4700.00 [gm
|Reference Standard: (AASHTO - T27-14) - ( Approved )

Sieve Size | Wt. Retained % Cumulative | % Passing Specification Specification
(mm) (g) Retained | % Retained subbase B Base course A
50.00 0.0 0.00 0.00 100.00 | 80-100 | ok ok
37.50 2240 4.77 4.77 95.23 70-95 | ok
25.00 480.0 10.21 14.98 85.02 60-95 ok
19.00 434.0 9.23 2421 75.79 3
12.50 772.0 16.43 40.64 59.36 4780 | ok
9.50 468.0 9.96 50.60 49.40 ol
4.75 746.0 15.87 66.47 3353 30-60
2.00 564.0 12.00 78.47 21.53 2245 |
0.43 464.0 9.87 §8.34 11.66 10-30
0.075 151.0 321 91.55 8.45 5-15
Pan 397.0 100.00 100.00 0.00 -

Sieve Analysis
100.00

T o L 90.00
= v £0.00
— ayd i
/;{ 60.00
// 50.00
10,00
30,00

|

20.00
[ 10.00
T t 0.00

0.01 010 1.00 10.00 100.00

Sieve Size (mm)

Percent Passing (%)

2.Proctor For Mixing No.13
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Mixing Material No.13(45%)
Proctor Mould Volume (Cmi) - 2109 | Reference Standard: AASHTO (T180-93)
No. of Layers : 3 [ Total Blows - 280 | Weight of Hammer : 4.5kg
Compaction Trial No. A B C D
[Weight of Mould + Wet Soil (W2) gm. 10650 10852 11050 10850
[Weight of Mould (W1) gm 6446 6446 6446 6446
[Weight of Wet Soil (W2)(W1) gm. 4204 4406 4604 404
Density of Wet Soil_gm/cm 1.993 2.089 2183 2.088
[Moisture Content Can # 1 2 3 4
[Weight of Can + Wet Seil (Ww) _gm. 1300 1400.0 1260 1300.0
[Weight of Can + Dry Soil (Wd)  gm. 1275.0 1348.0 1190.0 1205.0
[Weight of Can (We)  gm. 112.0 112.0 112.0 112.0
[Weight of Moisture  (Ww) - (Wd) gm. 25.0 52.0 70.0 95.0
[Weight of Dy Soil __ (Wd) - (Wc) _gm. 1163.0 1236.0 1078.0 1093.0
[Moisture Content % 210 4.04 6.10 8.00
[Diy Density of Soil gw/cm 1.952 2.008 2.058 1.934
Moisture Content- Dry Density Curve
*{"b 2090
E 2070
2 .
2050 —
& A
& 2030 /
- 2010
g A"
a 1990 \
g 1970
& \
1950
1.930 ¥
20 30 40 50 60 70 80 9.0
Moisture Content %
Max. Dry Density gm/cm’ 2.058
Optimum Moisture Content % 6.10
3.Sand Equivalent Test: according to ASTM D24 1 9-02
Sawivis Clay Sand Sand Average Sand
N, : Reading | Reading Equivalent Equivalent Specification
" (mm) (mm) (%) (%)
1 10.8 3.32 30.70 30.70 25.0(Min.)
Page 3 of §
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Atterberg Limits Test sample #13 (45%)

Sample | Can Can Can Wt. + Can Wt. + Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
i 6 20.80 54.50 48.00 6.5 2712 28 23.90
2 1 20.40 53.00 46.40 6.6 26 26 25.38
3 8 23.40 53.30 47.10 6.2 23.7 20 26.16
4 1 20.40 54.20 47.00 7.2 26.6 15 27.07
Plastic Limit Test
5 | 2 ] 2040 4445 | 4050 [ 395 2010 [ - ] 1965
LIQUID LIMIT CHART
05 I I ) [
: |y =-02148x+ 30 407
£ 00
= —
5 N‘
»
£ 200
E
=
10.0 !
10 100
NO. OF BLOWS
LL = 25.04
PL = 19.7
PI = LL-PL = 54
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5.California Bearing Ratio
CBR=145%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 10

3375

iﬁa_»au*ndq."';tﬂs,\n
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Appendix E.IX Comprehensive Mixing Material with 50% RAP material Test

Reports
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el i Y clilie alaai ) (s gaa " o) piag il Al ) e e 3aS e adhel g gall N5 LIVY
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i Al pumaislehla 8 Al Jasdl o ga e %50 A ((Mixing Material NO. 14 83l Sila gad
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. C A ve Mixing Materigl NO.10-R. - 2022/10/10 (N
compacted)
Test Result | Specification Note
Liquid Limit (L.L) Yo 24.9 30 (Max.) Ok
Plastic Limit (P.L) % 19.7 - Ok
Plasticity Index (P.I) 5.2 2-8 Ok
Sand Equivalent %o 30.6 25 (Min.) Ok
Percent Passing Sieve No.200 Yo T1.79 (5-12 Class A Ok class A
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 %o 32.1 40 (Max.) Ok
Optimum Moisture Content Yo 6.01 - Ok
Maximum Dry Density (M.D.D) 5056 2.05 (Min.) Ok
gm/cm’ ’
California Bearing Ratio (CBR @ 0.1”) 136.6 40 (Min.) Ok
(Mixing Material NO.14) 3 5 (asil fualadl Slieal gall 5 Sl gail) 20l 485 joaad (38 je 1 idaadle
al a9 uaal) =
S e e s et ede, a
Test Result
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1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Al gl 7 ) daaly

[Fizterial Type. | mixture subbase & milling material #14 (50%) |
ho!al Samplei 5134.00 |_Em
Reference Standard: (AASHTO - T27-14) - ( Approved )

Sieve Size | Wt. Retained % Cumulative | % Passing Specification Specification
(mm) 3] Retained | % Retained subbase urse A
50.00 0.0 0.00 0.00 100.00 | 80-100 ok
37.50 138.0 2.69 2.69 97.31 | 70-95 | ok
25.00 602.0 11.73 1441 85.59 6095 | | ok |
19.00 480.0 9.35 23.76 76.24 I k
12.50 604.0 11.76 35.53 64.47 47-80 |
9.50 436.0 8.49 44.02 55.98 [

4.75 888.0 17.30 61.32 38.68 30-60
2.00 $26.0 16.09 77.41 22.59 2245 |
0.43 592.0 11.53 88.94 11.06 10-30
0.075 168.0 3.27 92.21 7.79 5-15
Pan 400.0 100.00 100.00 0.00
Sieve Analysis
= r 100.00
-/- ‘// 90.00
p—— 80.00 =
— /);, 70.00 &
60.00 2
// // 5000 %
[+
— 1000 £
— 30,00 %=
20.00 §
| 10.00 d‘.’.
+ T 0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
2.Proctor For Mixing No.14
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Mixing Material No.14(50%)
Proctor Mould Volume (Cmn™*): 200 | Reference Standard: AASHTO (T180-93)
No. of Layers - 5 | Total Blows : 280 | Weight of Hammer : 4.5kg
Compaction Trial No. A B C D
Weight of Mould + Wet Soil (W2) gm. 10501 10685 10865 10750
Weight of Mould (W1) gm 6268 6268 6268 6268
Weight of Wet Soil _(W2)(W1) gm. 4233 4417 4397 4482
Density of Wet Soil_gm/cm 2.007 2.094 2.180 2125
Moi ¢ Content Can # 1 2 3 4
Weight of Can + Wet Soil (Ww)  gm. 1300 1400.0 1552 1300.0
Weight of Can + Dry Seil (Wd) gm. 1275.0 1348.0 1466.0 1205.0
Weight of Can (We)  gm. 122.0 122.0 122.0 122.0
Weight of Moisture _ (Ww) - (Wd) gm. 25.0 52.0 86.0 95.0
Weight of Dry Soil __(Wd) - (We) gm. 1153.0 1226.0 1344.0 1083.0
Moisture Content % 212 4.07 6.01 8.06
Dry Density of Soil gm/em™? 1.965 2012 2.056 1.967
Moisture Content- Dry Density Curve

? 2090

5 2070

£ ‘A—'\

S 2050 — — ~

£ 2030 ™

2 o /0/ AN

a N\

‘:, 1.990 /

S T P’/ \P

1.950 + 1
20 30 40 50 60 10 8.0 2.0
Moisture Content %
Max. Dry Density gm/cm’ 2.056
Optimum Moisture Content % 6.01
3.Sand Equivalent Test: according to ASTM D24 1 9-02
S Clay Sand Sand Average Sand
N t;p Reading | Reading Equivalent Equivalent Specification
) (mm) (mm) (%) (%)
1 10.8 3.31 30.6 30.6 5.0(Min.)

4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"
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132




An Najah National

University

Al gl 7 ) daaly

Report of Atterberg Limits Test sample #14 (50%)

Sample | Can Can Can Wt. + Can Wt.+ | Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) Yo
Liquid Limit Test
1 8 23.40 54.80 48.65 6.15 25.25 28 24.36
2 1 20.40 49.80 43.95 5.85 23.55 26 24.84
3 1 20.40 56.00 48.70 7.3 28.3 20 25.80
4 6 20.80 53.40 46.60 6.8 25.8 15 26.36
Plastic Limit Test
5 | 7 ] 2030 26 | 3000 | 360 | 187 - em
LIQUID LIMIT CHART
446 7 1 =
z ly=-0.152x+28.719
g 300
=
_3 —— .
£ 20.0
E
=
100 1
10 100
NO. OF BLOWS
LL = 24.9
PL = 19.7
Pl = LL-PL = 5.2
5.California Bearing Ratio
CBR= 136.6%
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-10.000
00 r :
000 : 9 000
.00 B
o P 8,000
80 7.000
24.00 ¢
_22.00: 1-6.000
£ Moo 5
9 1800 Y 5000 E
B 1600 ‘ i
© 100 {4,000
12.00 t
10.00 £3 000
8.00
. 2000
6 00
400 1000
2.00
000 ), 000
000 1,00 2.00 300 4900 0C 8.0 00
Deformazione (mmj
Results
Percent umidity W 0 %o
Volume v 0 cm?®
Specimen weight P 0 g
Dry weight Yd NAN glem?®
Penetration value n°1 St 3.208 mm
Penetration value n"2 S2 5.798 mm
Penetration stress n®1 F1 132,77 L
Penetration stress n'2 F2 136,594 %
CBR Index . F 138,584 o
Penetration oflset (o} 0.798 mm

6. Report of Los Angeles Abrasion Test for Aggregate Used in

Mixing material NO. 10

Original Oven Dry ‘Wt. Retained on Loss in :
Sampl wt. Sieve #12 (gm) Welght | ADrasion
No. ., Ratio (%)
(gm) Abrasion after 500 Rev. (gm)
1 5000 3395 1605 32.1
33}\& i, p Gﬂ-lg-ﬁ 919.\0
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Comprehensive Mixing Material with 55% RAP material Test Reports

Appendix E.X
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i (Bl jumads lehald i (Aig Jaadll o e (40 9655 daat: (Mixing Material NO.15) 33k Slaa gl
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b LS il et g ke gl Lol el Dl gall i i A U il sl 43S
Comprehensive _Mixing Material NO.10-Reports:  2022/10/10 _ (Non
compacted)

Test Result | Specification Note
Liquid Limit (L.L) % | 245 30 (Max.) Ok
Plastic Limit (P.L) Yo 19.6 - Ok
Plasticity Index (P.I) 4.9 2-8 Ok
Sand Equivalent %o 33 25 (Min.) Ok
Percent Passing Sieve No.200 % | 594 (5-12 Class A Ok class A
Not Compacted)
(515 Class B Not
Compacted)
Los Angeles after a#500 % | 315 40 (Max.) Ok
Optimum Moisture Content Yo 590 - Ok
Maximsum Dry Density (M.D.D) 1992 2.05 (Min.) Not Ok
| gm/cm '
California Bearing Ratio (CBR @ 0.1”) 108 40 (Min.) Ok

(Mixing Material NO.135) M ss panil Lalall Cilical gall g Siln saill 20108 oS5 juanl 33 e s dBaDls

al vl g il aa
EJSA_HM_?téLAg.'ﬂ;j&_?
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

Material Type | mixture subbase & milling material #15 (55%) I
Total Sample|  4178.00 [gm
[Reference Standard: (AASHTO - T27-14) - ( Approved )

Sieve Size | Wt. Retained % Cumulative | % Passing| Specification Specification
(mm) @ Retained | % Retained subbase B Base course A
50.00 0.0 0.00 0.00 100.00 | 80-100 | 100 ok
37.50 58.0 1.39 1.39 98.61 70-95 70-100 ok
25.00 296.0 7.08 8.47 91.53 | 6095 | 5585 ok
19.00 410.0 9.81 18.29 8171 50-80
12.50 792.0 18.96 37.24 62.76 4780 | 45-80
9.50 488.0 11.68 48.92 5108 40-70
475 730.0 17.47 66.40 33.60 30-60
2.00 604.0 14.46 80.85 19.15 20-50 |
0.43 352.0 8.43 89.28 10.72 10-30 | @
0.075 200.0 479 94.06 5.94 5-10

Pan 248.0 100.00 100.00 0.00
Sieve Analysis
= - 100,00

— i 90.00
—~— ',-//7’/ 8000 =
—— 7/ 70,00 £
60.00 2
7. r 50.00 %
VA 4000 £
30.00 %=
=
/.-/ 2000 2
— 1000 $

0.00
0.01 010 1.00 10.00 100.00
Sieve Size (mm)
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2.Proctor For Mixing No.15

Mixing Material No.15(55%)
Proctor Mould Volume (Cm>): 09 | Reference Standard: AASHTO (T180-93)
No._ of Lavers - 5 [ TotalBlows-280 | Weight of Hammer - 4 Skz
Compaction Trial No. A B Cc D
(Weight of Mould - Wet Soil (W2) gm. 10510 10620 10830 10340
(Weight of Mould (W1) em 6280 6280 6380 6230
(Weight of Wet Soil  (W2)(W1) em. 4030 4340 4450 4260
Density of Wet Soil gm/cm 1911 2.058 2.110 2020
(Moisture Content Can # 1 2 a 4
'Weight of Can + Wet Soil (Ww)  gm. 1321 1381.0 1752 1285.0
'Weight of Can + Dry Seil (Wd) gn. 129050 1320.0 1656.0 1192.0
Weight of Can (We)  gm. 126.0 126.0 126.0 126.0
Weight of Moisture  (Ww) - (Wd) gm. 26.0 52.0 96.0 91.0
(Weight of Dry Seil _ (Wd) - (We) gm. 1169.0 1203.0 1530.0 1066.0
(Moisture Content % 2.18 4.14 5.90 8.02
Drv Density of Soil gmjm“3 1.870 1976 1.992 1.870

Moisture Content- Dry Density Curve

1990 —
1970 /\/ &\

1.950 /
1930

Dry Density gm/cm "3

20 30 40 50 60 70 80 90
Moisture Content %

Max. Dry Density  gm/en’ 1.992
Optimum Moisture Content % 5.90

3.Sand Equivalent Test: according to ASTM D24 19-02

—— Clay Sand Sand Average Sand
j:,’:;" Reading | Reading | Equivalent | Equivalent | Specification
i (mm) (mm) (%) (%)
1 10.5 345 33 33 25.0(Min.)
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4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"

Report of Atterberg Limits Test sample #15 (55%)

Sample | Can Can Can Wit. + Can Wt. + | Moisture Dry No. of | Moisture
No. No. | Weight Wit Wet Wit Dry Weight ‘Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) %
Liquid Limit Test
1 6 20.30 55.20 48.50 6.7 28.2 28 23.76
2 1 20.40 50.30 44.50 5.8 24.1 26 24.07
3 8 23.40 54.00 47.70 6.3 243 20 25.93
4 2 23.10 53.60 47.00 6.6 23.9 15 27.62
Plastic Limit Test
s | s [ 2030 4350 | 3070 | 38 19.4 - | 1959
LIQUID LIMIT CHART
e O )
g ly=-0.3024x+32.071
£ 300
; .-—._.‘\.
E 200
z
-~
10.0
10 100
NO. OF BLOWS
LL = 24.5
PL = 19.6
PI = LL-PL = 4.9
Page 4 of 5

138




An Najah National Al glf 2 ladl) Aala
University
5.California Bearing Ratio
CBR=108%

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 15

3425 1575 | 315

BMa jaau s ¢ Clai gYe s
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Appendix E.XI

Comprehensive Mixing Material with 60% RAP material Test Reports
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*  Comprehensive Mixing Material NO.10-Reports: 2022/10/10 (Nen

compacted)
Test Result | Specification Note
Liquid Limit (L.L) Y% | 24.05 30 (Max.) Ok
Plastic Limit (P.L) Yo 19.4 - Ok
Plasticity Index (P.I) 4.7 2-8 Ok
Sand Equivalent Yo 35 25 (Min.) Ok
Percent Passing Sieve No.200 % | 3.92 (5-12 Class A Not Ok
Not Compacted)
(5-15 Class B Not
Compacted)
Los Angeles after a#500 Yo 31 40 (Max.) Ok
Optimum Moisture Content % | 536 - Ok
Maximum Dry Density (M.D.D) 1.976 2.05 (Min.) Not Ok
gm/cm’ )
California Bearing Ratio (CBR @ 0.17) 85 40 (Min.) Ok
(Mixing Material NO.16) 3 32 casil Lalall Slieal sall 5 Sla padll 7005 2S5 juand (38 j : Aas3la
al siaY) g a8l aa

b e jawia ¢ Ql-q.'\‘;‘-ﬁ)@.,i
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Test Result
1.Sieve analysis according to ASTM C 136-06" standard test

method for sieve analysis of fine and coarse aggregate".

PMaterial Type: mixture subb & milling material #16 (60%) \
[Total Sample|  4180.00
[Reference Standard: (AASHTO - T27-14) - ( Approved )

Sieve Size | Wt. Retained % Cumulative | % Passing|  Specification Specification
(mm) () Retained | % Retained bbase B Base course A
50.00 0.0 0.00 0.00 100.00 | 80-100 | ok
37.50 102.0 2.44 2.44 97.56 70-95
25.00 456.0 10.91 13.35 86.65 60-95
19.00 300.0 7.18 20.53 79.47
12.50 642.0 15.36 35.89 64.11 47-80
9.50 380.0 9.09 44.98 55.02
4.75 744.0 17.80 62.78 37.22 30-60
2.00 688.0 16.46 79.23 20.77 22-45
0.43 624.0 14.93 94.16 5.84 10-30
0.075 80.0 191 96.08 392 5-15
Pan 164.0 100.00 100.00 0.00

Sieve Analysis
j?— 100.00
- _/ // 90.00
T 80.00 2
/ / g
60.00
/ / 50.00 .E
40.00 o
/ =
3000 8
= 2000 8
/ = =%
z f 10.00
0.00
0.01 0.10 1.00 10.00 100.00
Sieve Size (mm)
2.Proctor For Mixing No.l16
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Mixing Material No.16(60%)
Proctor Mould Volume (Cm>): 2109 | Reference Standard: AASHTO (T180-93)
No. of Layers : § | TotalBlows:280 | Weight of Hammer : 4.5kg
Compaction Trial No. A B C D
Weight of Mould + Wet Soil (W2) gm. 10310 10560 10670 10540
Weight of Mould (W1) gm 6250 6250 6280 6280
Weight of Wet Soil (W2)(W1) em. 4030 4280 4390 4260
Density of Wet Soil em/cm ™ 1911 2.029 2,082 2.020
Moi e Content Can # 1 2 3 4
[Weight of Can + Wet Soil (Ww)  gm. 1300 1400.0 686 1300.0
[Weight of Can + Dry Soil (Wd) gm. 1275.0 1348.0 656.0 1205.0
Weight of Can (We)  gm. 126.0 126.0 126.0 126.0
Weight of Moisture  (Ww) - (Wd) gm. 25.0 52.0 30.0 95.0
Weight of Dry Soil __(Wd) - (We) _gm. 1149.0 1222.0 530.0 1079.0
Moisture Content % 213 4.08 536 8.09
u}“- Density of Seil Eﬁm‘-‘ 1.871 1.950 1.976 1.869
Moisture Content- Dry Density Curve
o 1990
E oo =
d
E 1950 / \
1] & ‘\
£ 1930
o
g 1910 \
o
= \
;_:, 1890 \
A s / F
1.850 '
20 30 40 50 60 70 80 90
Moisture Content %
Max. Dry Density gm/cm’ 1.976
Optimum Moisture Content % 5.36

3.Sand Equivalent Test: according to ASTM D24 I 9-02

Sample Clay Sand Sand Average Sand
N (f) Reading | Reading Equivalent Equivalent Specification
) (mm) (mm) (%) (%)
1 10 3.5 35 35 25.0(Min.)

4.Plasticity index, according to ASTM D 4318-10 "standard test

method for liquid limit, plastic limit, and plasticity index of soil"
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Report of Atterberg Limits Test sample #16 (60%)

Sample | Can Can Can Wt. + Can Wt.+ | Moisture Dry No. of | Moisture
No. No. | Weight Wt. Wet Wt. Dry Weight Weight | Blows | Content
(gm) (gm) (gm) (gm) (gm) Yo
Liquid Limit Test
1 1 20.40 55.20 48.70 6.5 28.3 28 22.97
2 2 23.10 50.30 45.00 53 219 26 24.20
3 3 24.00 54.00 47.95 6.05 24.0 20 25.26
4 2 23.10 53.60 47.20 6.4 24.1 15 26.56
Plastic Limit Test
5 [sa] 280 | 3360 | 2860 | 5 258 | - 19.38
LIQUID LIMIT CHART
40.0 1
- [
g ly=-0.2534x+ 30 386
g 300
=
_3 h—..‘._\“
£ 20.0
E
=
100 1
10 100
NO. OF BLOWS
LL = 24.1
PL = 19.4
Pl = LL-PL = 4.7
5.California Bearing Ratio
CBR= 85%
Page 4 of §
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An Najah National Asib g 7o) Aaaly

University

6. Report of Los Angeles Abrasion Test for Aggregate Used in
Mixing material NO. 15

1 5000 3450 1550 31

S a awa el e s

Page 5of 5
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Liquid Limit

27

26

25

24

Appendix F
Mixing Material test result graph
Appendix F.I

Mixing Material liquid limit result

Mixing Material Lequid Limit curve

¢ 264

1 ¢ zeis
25.89

\

T ¢ 25,

92350

0.0

5.0
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Milling material Content %
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Appendix F.IT

Mixing Material plastic limit result

Plastic Limit

20

19

Mixing Material Plastic Limit curve

2

L 4

0.0

5.0

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
Milling material Content %
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Appendix F.I1I

Mixing Material passing (sieve N0200)) result

Passing Seive #200 percentege

13.000
12.000
11.000
10.000
9.000
8.000
7.000
6.000
5.000
4.000
3.000
2.000

passing (seive #200) Curve

0.0

5.0

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0
Milling material Content %
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Appendix G
Milling material produced and subbase and base course produced by institutions

at Ramallah and Al-Bireh governorates

Appendix G.I
Milling material and subbase and base course produced by Ministry of Local

Government (30)

\ TR )

State of Palestine ll," “ ‘_,,ET-U 433;- )
Ministry of Local Government el asali 55058

Dale: comssesmmssensessmasasersn Ayl MO it peeniiionss bl

Date: 28/6/2022
Dear An-Najah National University
Subject: Projects Implemented by the Ministry of Local Government during (2020-2022)

which contain milling works.

No | Project Title Governorate | Milling
| Area (M%) [
i 1 ! Paving Internal Roads in Faqqoua - o Jenin | 850 —|

| | Bergeen- Kuferdan and West Jenin Villages i ‘

- — - !
2 ‘ Paving the Connecting Road between Al-Yammon — Jenin 1 2000

|3 | Paving Internal Roads in Yaabad Jenin 1500 J

4 | Paving Roads in Beita Nablus 1800 |
[5 J‘ Paving Roads in Boureen - Nablus 900 ’
E' 6 . Paving Internal Roads in Kufr-Qallil Nablus 800 |
’T _:E{finﬁtemal Roads in Kufr-Jammal ) { Tulkarm 1050 |
|8 | Paving Internal Roads in Iktaba Tulkarm 11100

9 | Rehabilitation of Infrastructure in Qalqilia Qalgilia 12400
10 ‘ Paving Internal Roads in Kufr-Theleth } Qm' 1450

11 ‘ Paving Internal Roads in Farata Qalgilia 950
12 | Rehabilitation of AL-Faraa — Yaseed Road ~ | Tubas ~ 700

13 | Rehabilitation and Paving Internal Roads in Tubas | Tubas | 1100
"4 ‘ Paving Internal Roads in Dier Ballout © Salfeet 960

15 | Rehabilitation and Paving Internal Roads in Yassouf | Salffet 1050 ]
‘ 16 {‘ Rehabilitation and Paving Internal Roads in Jericho  Jericho 2200

17 | Paving An-Najma Road in Atara - Rammallah R00
;T:?— Rehabilitation and Paving Internal Roads in Shibteen = Rammallah 1200

T Pulestine. Al-Birch, P.O.Box: 731 Ramallsh i ol T3] 1 ya el i ) e o

el +970 2 240 1092, lax: 2240 1091 - Gaza: Tel.: 08 282 0273, Fax- 08 286 7509
wiww.molz.pna.ps - @ molg.pal - B@molgpalesting - Email: media @ molg.pnaps
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e e P

I .
State of Palestine m “ Crbnld B .
Ministry of Local Government & Pesali 8,135

R S T e e wene Bl N 250050 e ser e anememam s e sl
19 | Paving Internal Roads in Silwad - - [ Rammallah 1500
20 | Paving Omar Khattab Road in Doha | Bethlehem | 1200 |
21 Paving the Main Road in Beit Fajjar | Bethlchem 2000 |
22 | Paving Al-Khaldia - Yetta Road R ~ |Hebron  |igo0 |
|23 Paving Internal Roads in Surra | Hebron | 1800
24 | Paving Al-Qbibeh Road nHiebron | Hebron 2500 ——
|*25 | Paving Internal Al-Shawamrah o Hebron 1620
26 | Total Area (M) o T 35230
| G ) — -
Department of Supervision
Eng. Mahmoud Al-Wanneh
/ 7 /;
-7
Palestine, Al-Bireh, P.0O.Box: 731 Ianalm il «L;li-.u.a el sy M opla
Tel.: +970 2 240 1092, Fax: +970 2 240 1091 - Gaza: Tel - 08 282 0273, Fax: 08 286 7509
www.molg.pna.ps - @/molg.pal - Bnmolgpalestine - Fmail: media molg.pna.ps
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il
State of Palestine ,M“ ol "‘553

Ministry of Local Government

Date; 16/1/2023 sayal

Dear An-Najah National University
Subject: Projects Implemented by the Ministry of Local Government during (2020-

2022) that contain Subbase & Basecoarse works.

No  WORKS Quantities (m?)
| BASECOARSE 2365000

> [SUBBASE ' 735000

Department of Supervision

Eng. Ali Ghneimat

!
alesting, Al-Rireh, 103140, 73" 16 eraltih L n I o ™
Fel: #9702 200 1082, Faxe 2702 21 V0T = Grge el 0% 2820 0073, Bax: 08 280
wivw,mole pnaps - Bmolepal B el padesting - 1l e e omels s

(€3))
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Appendix G.II

Base Course Tests at Jericho and the Jordan Valley__ Governorate (32)

‘M al 19

SISy Aaladl RSN Bl s

Palestine State

Ministry of Public Works & Housing

Date: 18/01/2023

Dear An-Najah National University,,

Subject: Base Course Tests at Jericho and the Jordan Valley Governorate
After conducting many tests of the Base Course materials in the projects, it was found that
govemorate of Jericho and the Jordan Valley suffers from a decrease in the value of the sand

equivalent of the base course materials.

Tamer Saadeh
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Appendix G.II1

Quantity of Milling material produced by Ministry Of Public Work And Housing
(&)

PP SYON . I S P

STATE OF PALESTINE
OISy dalald) JUSY) B35

Ministry Of Public Works and Housing

oay)

Al QUDS

Date : 23/01/2022

Dear An-Najah National University,,,
Subject: Projects Implemented by the Ministry of Public Works
and Housing during (2018-2021) witch contain milling work

No | Project Title Governorate Mi]ling}
Area (m’)
1 | Rehabilitation of Sabastia Entrance Nablus 11,520
‘ 2 | Rehabilitation of Anabta-Tulkarm Street o Tulkarem 50,826
3 | Reconstruction of Al-Seka — Ktaba Main Road " Tulkarem | 25.430
4 | Rehabilitation of Al-Seka - Ktaba Road " Tulkarem 13,579
S Rehahilitation of Jenin — Hiafa Main Road Jenin | 42395
"6 | Rehabilitation of Beitunai Ein-Erek Deir Ibzi Main Road | Ramallah 55,000 1
7 | Rehabilitation of Ein-Yabroad — Dora Alqara Main Road Ramallah 21.672 |
"8 | Rehabilitation of Ezaria — Abu Dees Main Road | Jerusalem = 80,242
9| Rehabilitation of Qalndia Main Street o [ Jerusalem | 56311 |
10 | Rehabilitation of Hebron Targomia Road (Wad Alqof) = Hebron 35575 1
11 | Rehabilitation of Beit Awa Deir Samet Main Road " Hebron | 12,000

! [ Rehabilitation of Bethlehem — Jerusalem Main Road 1% )
12 | Bethlehem 65,300

stage
[ Rehabilitation of Bethlehem — Jerusalem Main Road 2° ' 1 I
13 Bethlehem 7,553
stage
Total Area (m’) T - o o 477,603
L Pak. L _ B L .
Head Of Road S partement
Tamer Saadeh
Ramallah-almasyoun-M.darwish Rotary-Ministries Compound I gt - g g 2 2 paia 132 =gl aid pl
P.0.Box : Al_Birch (3961) (3961) 5l 4y Bpths
Ramallah _Tel : 2966006/7 _ Fax : 2987890 2987890; oS = 2966006/7: SplEead sy
Gaza - Southern Rimal-Arab League St Lyl Jath daalp £ A5 = piall Ja - 35
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Appendix G.IV

Quantity of subbase and base course produced by Ministry Of Public Work And
Housing (33)

OM a TR

O\ lg dalad) JladNY Bifig

Palestine State

Ministry of Public Works & Housing

Date: 18/01/2023

Dear An-Najah National University,,,

Subject:
and subbase material

No Project Title Governorate | Subbase | Base
Area Course
I | Rehabilitation of Sabastia Entrance Nablus 25,000
2 | Rehabilitation of Anabta-Tulkarm Street Tulkarem 8,000
3 | Reconstruction of Al-Seka — Ktaba Main Tulkarem 3,000 22,000
Road
4 | Rehabilitation of Jenin — Hiafa Main Road | Jenin 12,00
5 | Rehabilitation of Beitunai Fin-Erek Deir Ramallah 8,000 58.000
Ibzi Main Road
6 | Rehabilitation of Ein-Yabroad — Dora Ramallah 7.800
Algara Main Road
7 | Rehabilitation of Ezaria — Abu Dees Main Jerusalem 2500
Road
8 | Rehabilitation of Qalndia Main Street Jerusalem 500
9 | Rehabilitation of Hebron Tarqomia Road Hebron 1,500
(Wad Algof)
10 | Rehabilitation of Beit Awa Deir Samet Hebron 12,000 | 85,000
Main Road
11 | Rehabilitation of Bethlehem — Jerusalem Bethlehem 7,500
Main Road st stage
12 | Rehabilitation of Bethlehem — Jerusalem Bethlehem 1,100
Main Road 2st stage
Total Area (m2) 23,000 [ 218,900

R 3 /f’

A

/

Head Of Road S
—

Tamer Saadeh
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Appendix G.V

prices of Milling material and subbase and base course by Ministry Of Public
Work And Housing (34)

State Of Palestine
Ministry of Public Works & Housing

2023/01/03 :g Clais g3 a f

LAl g (b ciad La g Gulat) Sl Jlas | Gl 1p gud gl

13933933 q" i-'hﬁ l_lﬁ
A Caas Ly LY ik July a8 Jlee§ CallSs b oBled g g gall 3 LEY0

ol LS Lty

£ sanall TSN iR & 5all g 30 gall LSS

Crldnsd) | Celosd) (rlo%d)

| oaba) Ak
78 40 | 38
| ] Basecourse
] B T | el i e Al
66 40 26
Subbase
e =

58
T A ing
s slladl Je Y1 pran e 2eads JR2Y) CalSs /]

e e a1 (LYl ol By 208
gl (b 3yl o3 s ph 7 el pandl 165 g0 Y il Olae 5 3Sle 2985 /2

i A gy 3 g J ganadl il o) JadS fall a3 /3
uaidl g gl_ﬂa‘l\ ,_g.M &a

G‘Jg.ﬁﬂl,l.i)!\ﬂ‘ Bl puda
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Appendix G.VI

prices of milling material by Ministry Of Public Work And Housing (35)

State (Of Palestine .!h,_ bl M..F
Ministry of Public Works & Housing j.' i || SISy Al it 3 5
L |
[ e Y
20230103 (f st ¥ N

5l g il o) o i) datE Slas Y ag jall yiall &S5 (Jdati - & gain gall
J ._.Jh,; L o

i Jleel apall el e Joss ) aSalas ¢ 03le] £ guia gall 1B LIV
iV sl eld) Jedy Cun J803 (4.5) g2 Byl gl Al ddadla & B
C2af JRek 25 4G, LSl LM acdall Jis g an el pall JB02 D AdlSs 1K1

il g )R 3id 4l
)‘Q\Hi e .
i el g R N et
e
_,-.1;’3-;'J|-
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Appendix G.VII

Quantity of subbase and base course produced by Municipal Development and

Lending Fund (36)
) M P am & 08 O 08
N8 «ds4 FW: Delivery Status Notification (Failure)
Pt (6 056, 5l -Ma"mﬂ'&'hi'_cisl'ri\"-'.\r-;.!.l.‘&:fKhalidG.G.Darawshi ®

@

<From: Anas H.K. Abdel Aziz <ashdelaziz@mdlf.org.ps
Sent: Sunday, January 15, 2023 .47 AN

<To: Khalid G.G. Darawshi <kdarawshi@mdlf org,ps
Subject: FW: Delivery Status Notification (Failure)
g o s

230 (D g gy oy il i il
;ﬁriﬂuss)*sum,ﬂ,,imm;ap\ﬂ&p
B £a 210,000 Rl A

B 33,000 el

F4651,000 1 ol S

eyl ) 8 L
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Appendix G.VIII

Quantity of milling and subbase and base course material produced by Ramallah

Municipality (37)

o PO e

'fl‘..} -8 . RAMALLAH1908 State of Palestine

Saalf

oedX L 1L Y6 plaall may

e YA ""(5 aujkin

asiaall Gladé plle o dlic
Lih gl pladll Asala

Ldad) b jal) AlS

cdny g dias

-2018 554l 43 il Abal) B a Liiall (B 53ALA)) Jadidl) ilsaS g Cila glaa 1 f g gall
2022

Gt U2l gl pSUEST Yy wodlel g gall ) 6 LWLy ecipatll jal alll o) 5 Al 2S0ngs
el 8 Bhikal el DS g Gilaghae e Jgeanll oS0k asas 2022/6/21
2022-2018 5 il 4 jall dall

oA Jpadl s B gl Sl glaall oS5 pmal 38 4

plagi g atiglad (s a8l 0 SLE
cececene al gayl Ay 1 shd) g

19r | r.0.Box 3, Ramallah, Palestine

1 TaTs Bk o | i i . .

ey '}— I OT 1 01 Tel: +070 2 294 5555, Fax: +970 2 296 3214, Jawwal: +970 599 671 000, Wataniya: +970 569 671 111
MW orama lfah.ps [-rmail: infaaramallabps Facesook: www.fb.com/R.Municipality
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GGl a3 A 93 éﬁ\

LT LL R State of Palestine %%

F s = ~ . i Lo %
Refrence 1) gl eV 1 PIPT R TR e

e Sy fes il
Cragiaal) Auih gl) 7 ladl) daalas Bdleadl B puias

ey g dgns
Aiay Jlas ) JlaSi 1 gus gall

Wl QEsl W BaY p odlel g g gall D) 8 LEYL 5 ccliadll al alll Q) dualy SSungs
3k aSalle ) 3 g8 clarie Mo ddiag Jlae ) JlaSio) Lo sead 2022/12/18 B

2437329 aaidl e Sl S
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E-mail: info@ramallah.ps Facebonok: www. fb.com/5 Municipality
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Appendix G.IX

Quantity of milling and subbase and base course material produced by Al-Bireh

Municipality (38)

Uy V.
State of Palestine )~ - G 1
Al-Bireh Municipality 3 it st

Tel: 02-2404737/8/9 - 2406445

CYLAYE LR L YEgvYV /A A/ 1 Ogall
Fax: 02-2404431 / PO.Box:3506

YO N gm/ YN G S

VA yelall 5

YYY/ /Y

dayy b A4

(Rl § lyll i g ) = 5

33lely 34 o te OB el gyl 1 3)LaVL s Sl bl 33l Bl 5050 P
3= Eartas TN/ N ke N diBy e fe gV = T Al b sy Lal
oy T/ T Gale IS e Re 0TA = 18 Rs Dy Gk aady el k),

T bl P L B e Al o A1 2

PRI INER
LIty

e
el st L

o 11 =0 .
s \..Jm..Lrj_uh-

D www Al-bireh.ns ™ info@al-birel yg e "
gy WWW.AL-DUEn.p “J’ reh.y AlBirehMunicipality
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State of Palestine
Al-Bireh Municipality

Tel: 02-2404737/8/9 - 2406445
Fax: 02-2404431 / PO.Box:3506

A S—C R
3) - ! — - -
TYYEONELO _ YEgVEV/A/ S 1 oeall
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Appendix G.X

Quantity of subbase and base course produced by Beitunia Municipality (39)

&rla
N&*.}p -
,—\ LD o
TNz alacutdd $ea e
BEITUNIA éw s * i
MuIpALITY e 5 State of Palestine L’ lk
Ne. : P
Date : 2022/8/4:f
27 Slaid M ukighi g
RETR Y
Aa pliall i)
el I by tdl) A S o it (SUST Uiy ol g g ght ) Byl
JuE g 2022-2018
LB ap e 2000 Lidl L s 2018 e
Lol e ua 2000 L2l 2a8 s 2019 pie g
bl aype fa S000 Lidl L8 oo™ 2020 a3
LB ap o 3000 Lid) 8 i 2021 e
A 0k2dl 4.5 a5 2022 o0 @
o g
whl Bilas 5
W
e )
‘Ti-02-2900754 , 022900533 Fax:- 022900534 2000534 —: Lslh . 2000533 2900754 —rida
E-mail :- Administration(« beitunia.ps E-mail :- Secretary @ beitunia.ps

162



‘:)__I-In.n.u.& -‘q——"’-‘

State of Palestine
No. : : ALY
Date : 2023/1/16 g
) A ]

,a g dpls dgad

B i) (b a8 unl CibyaS :f g gal)

DS a peady Sladie oMo Guaiga) Qllall (il e eliyy odlef g gam gl (5 LEYL
t LS a9 B uAN) SN il panll (A L gin Abne B e S Gaad)

0055 L) daaS adl
‘ 25,000 2020 G- |
25,000 2021 4 i {‘
25,000 2022 4 |
|

T:- 02-2900754, 02-2900533 Fax:- 02-2900534 2000534 — LS . 2900533 2900754 —:iia

E-mail :- Administration(@ beitunia.ps 1200264 1gad 3o E-mail :-Secretary/a heitunia.ps
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Appendix H

subbase and base course produced by All Institution

= Base Course Material m Sub bsae Material
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Appendix I

Percentage of the road network in the West Bank by type of road (40)

M Arterial Road ® Regional Road ® Local Road m Agricultural Road M Settlents Road m Others

1%

Total =23399 km
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Appendix J

Comprehensive base course tests in Ramallah Governorate made by Geotechnical

Material Testing Center (GMT) (41)

. 4] Center for Civil &
. Environmental GEOTECHNICAL &
Engineering MATERIAL
Studies Co. TESTING

CENTER
. 4 GMT

15/1/2023 - o

GMT-23-384 -zd

O final) duila o) 2ot Analas / Baleadt
ceee 29 Al Aas
Glads Sl pde edigeall joalall Al ; Py gal)

plasiul 5 aa " Glyins b Gy Cllasié ¢ Jlas o3 Gatigall il Al 5 G gonts o618 (o o sl S e 5Ly
Slpall Ui 33 8 Gy 4 lani 8 BRI el B Gl it L i) 31 5a8 0035 saall i clilie
bkl QY18 5y bl i A 18 A O e 33 Whase il sl g i 1y A U 3a Fas il
fASA Gandy B il 3gia and Rsli i) gl il 5in o) e 15 iy o laal) pSall 5 )5 5 chlalliia

H200 &) Jaie el vl 7 50l ey Lol

25N 5 ol ) pa

cubill Gaa gl ae s
siddall e

=

P i

__/ 94 o

g C'i..w_?umJl\lnll.wlj:hj_‘uo
Aalyyllg dyasdl
CESco-GMT

Tel: (J?r'_’%fgg;o_. Fax: (02 j(}(,;}()}‘if-r"f infofeomt-center.com
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Appendix K

Comprehensive base course tests in Ramallah Governorate made by Emar Center

for Engineering studies (42)

Emar Center
or
Seinctall Slatyal slosl $age Engineering Studies

Emar Center for Engineering Studies (ECES) " E - C - E - S —

24/1/2023 gl

Al o) 7 Landill daaly ;38bual)

(Base Course)¢i bl (upalil] b clie -:p 3 gal)

A.Ja.;;zéﬂ
febt Lo a3 Of 393 coBlel g pumgall 15 LEYL

Al AW S gl S35 BASE COURSE die () pasa 5 (e o iy Lo a3 sl
i) il gl s izl (e 978 Al Le 1S,
i pall Gian (5 ol il (0 %22 (5 Ly
oA Al gl ae (s o A il gl aal
el LA 2
R A gl i pannd 3

?]Jﬁua|ﬁéu4a\yﬂajgw|ég§ﬁfm Lﬁ,ii_).gﬂlz\._u..ﬂ\_gc_'lm'lo;\.& b (6 g
oS JS5) Al al sl

. oo,
@ s J@ﬁ’
\:,.f';g.fﬂ

-

0562-150170 Js= +(972)(2)2420128 LSl —Jlyn o f - 5l / Splacald
Palestine / AlBireh — Beside Jawwal Telefax + (972) (2)2420128, Jawwal 0562-150170
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Appendix L

Economical visibility Study for subbase and base course for governmental and

private sector

Economical visibility Study

w

M Material cost $/m2
M 30%RAP cost $/m2

CoST $/M?
N
n

N

15 m 50%RAP cost $/m2
1
0.5
0
Governmental Governmental Private Private
sector/Subbase sector/Base sector/Subbase sector/Base
Course Course
Sector
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Appendix M

Sand Equivalent, CBR, Proctor, and Passing Sieve NO#200 result for mixing

material

Mixing Material Sand equivalent curve
samgle £ o 1 2 3 4 5 ¢ N 8 9 w u w9 t
0.00 |10.00 /1250|1500 | 20.00|22.50| 24.00( 2750 30.00 | 32.50 | 35.00 3750 | 40.00 | 45.00 | 50.0055.00 | 60.00
2520 |27.40(27.90 (2850 |28.70| 28,75 26.90 | 2040 30.20 | 3056 | 30.60 | 30.62 | 30.65 30.70] 30.60] 33.00] 35.00

B4 23 | %362872 A% 10 AR 30.7) 30.73] 30.55] 33.5]3505

U8 14 143 A7 20.86 30.18 0.5 30.68] 30.71 30.63| 33.1) 34.98

2500 27400 27900 8300 38741 2875 B30 2940/ 300 3036 309 30.62( 30481 307 30.59] 3320/ 3500

L.,
=
=
=

milling material
Sand equivalent 1
Sand equivalent 1
Sand equivalent 3
Sand equivalent avg

glE|es|F

Mixing Material CBR curve
sample # ol 1| 2]3|la|s|e| 7] 8|o|w|i1|12]13)|14]15]16
milling material | 0.0 | 10.0|12.5]15.0|20.0]22.5|25.0[27.5 30.0| 32.5| 35.0| 37.5| 40.0| 45.0| 50.0 | 55.0| 60.0
Calefornaia
Bearing Ratio % | 74 | 108 | 115 | 127 | 165 | 171 | 167 | 153 | 151 | 172 | 163 | 162 | 162 | 145| 112 | 108 | 86
TEST 1
Calefornaia
Bearing Ratio % 82 | 104 120 | 160 158 155 160 160 140 | 120 | 112 | 75
Test 2
Calefornaia
Bearing Ratio % | 85 | 110 124 | 158 155 151 161 155 | 148 | 128 | 107 | 82
TEST 3
AVG Calefornaia | oo |00 1051104 161 | 171 160 | 153 | 152 | 172 | 161 | 162 | 159 | 144 120 | 100 | 81
Bearing Ratio %

Mixing Material proctor curve
ample of oy o 3 4 s 6 8 9w ul u ul wl 1y
puilling material % 0.00 | 10.00 | 1250 | 15.00 | 20.00 | 22,50 25.00 | 30.00 | 32.50 | 35.00 | 37.50] 40.00 | 45.00| 50.00| 55.00 | 60.00
Dry Density of Soil 1 ewien™ | 2050 | 2082 | 2.075 | 2.089 | 2107 |2.079| 2077 | 207 | 2.053 | 2.081 | 2.069 | 7.061| 2.058| 2.056 1.992] 1.976
Dry Density of Soil 2 guien™ | 203 2078 108] 2.085 1063] 2.063 2.085 2.063) 2.056| 2.053| 1.982) 1.571
Dy Density of Seil 3 gwiem® | 2049 00 2083 2091 20| 2063 2083 2038 2.054| 2.051]1.995| 1982
Div Density of Soil AVG gwien’®| 2051 207] 2075 2084 2004 2079 2071 2068 2053 2083] 2069] 2061] 2056] 2053 19%0] 197

Mixing Material Passing Seive Mo#200 Results
Sample 0 1 3 4 6 s 10 12 13 14 15 16
No
Milling
Material 0 10 15 20 25 30 35 40 45 50 55 60
%
Test 1 13.4 11.5 11.2 11.1 10.5 10.1 10 9.9 8.5 7.8 5.9 3.9
(%0)
Test2 132 11.6 11.3 11.3 10.6 10 10.1 9.7 8.2 7.9 5.8 4.4
(%0)
Aest 3 13.4 11.5 11.1 11.2 10.3 10.1 9.9 9.8 8.5 7.6 5.9 3.9
(%0)
Average | 13.3 11.5 11.2 11.2 10.5 10.1 10 9.7 8.4 7.7 5.9 4.1
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Appendix N

Plastic Limit, Liquid Limit, and Plasticity Index result for mixing material

Mixing Material Plastic Limit Results

Sample No| 0 1 k. 4 ] i 10 1} 13 14 15 16
Milling
Material |0 1o 15 0 15 i 35 4 4 50 55 l
ki)
PLTest] |10 M 138 |97 |i9g 197 (187 |87 il W4 136 194
PL Test |13 02 191 194 197 1938 196 198 2 02 197 193
PLTest JI97 108 199 |36 W 196 |198 193 b mwi |97 193
PL Average|20 0 198 |17 |199 197 (197 197 111 LRI A 19.4

Mixing Material Liguid Limit Results

Sample No| 0 1 3 4 § § 10 1 13 u 15 1
Milling

Material |0 10 IEI R 1 £/ S S 1 i3 5 s il
%

ILTest] 264 |36 ¥y |m3 [us R T B ue  [us |

ILTest? 254 263 w9 |ns  |us R B i ua |us 4

ILTestd [254 264 By |ns  [us e %1 Uy |us Q]

LL Averagel264  [264 Bs  |ns  us 11 (151 ) ] B (M5 u

Mixing Material Plasticity Index Results

Samgle No| 0 1 3 4 § § 10 1 13 u 15 16
Miling
Material | 0 10 5| w pi] Wo| o 40 4 50 3] 6
8
PiTestl | 54 THETHEL 35 g | oas 54 319 | 48 19 47
PITestl | 61 5l 52 | 11 18 i5 | 34 ] 0 | 47 T} 15
PlTestd | 67 66 | 60 | 19 13 57 | 54 56 ] 7] I8 47
PlAverage] 6.4 52 | &1 | 1% 6 | 56 | 35 54 19 | 46 44 47
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