
 

 

 

Abstract—Aggregates are the major constituent for the 

construction of building and roads. They exist in wide variety and 

must be chosen according to its characteristic required by the work. 

The amalgamation process of aggregate in cement and asphalt mix 

require better understanding of the its deterioration mode as well as 

improved serviceability to produce a sustainable structure. The 

selection of appropriate material reflects the long term effectiveness 

of structure and helps in lessening the cost of maintenance required 

by the infrastructure. For driving the development towards 

sustainable infrastructure, the backup of local aggregates is 

demanded for construction industry. This will compile and provide 

the information for classification, selection, prediction of life 

expectancy of material within the mix whether cement or asphalt. 

Keeping this in view, aggregate characterization process is planned 

and experiments were conducted to check the suitability of coarse 

aggregates collected from Hub river, Karachi, Pakistan. Statistical 

analysis on the aggregate properties provides significant results 

which is helpful in identifying its characteristics. A comprehensive 

aggregate database is developed which is inducted with a geo-

referenced map showing the location of quarries and crushers of Hub 

river. This effort will be beneficial in material selection for its 

appropriate use and leads towards a sustainable development. 

 

Keywords—Aggregate Characterization, Sustainable 

Development  

I. INTRODUCTION 

HE development of pavements with their best 

performance and effective utilization is achieved through 

proper understanding of material, design and maintenance 

work needed during its entire life. It is of great concern to 

identify such factors which are directly related to achieve a 

sustainable structure of pavement. This practice would be 

helpful in planning; reducing maintenance cost and provides 

stability in the system.  

Aggregate characterization [6] is the process by which 

material deposits are distinguished in terms of location, 

properties, utilization and consumption for providing stability 

and effective performance in the structure.  Aggregate 

deposits present within an area when classified on the basis of 
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their inherent characteristics and engineering properties as 

well as their chemical and reactivity, provides the direction to 

select the material on the basis of use and demand. This 

practice in further dimension helps in developing a sustainable 

structure or system in regard of material.  

Keeping in view the aggregate as the important ingredient 

for sustainable development of pavement, aggregate 

characterization process for the largest source for supplying 

aggregate, Hub in Karachi, is planned and various engineering 

tests were conducted to highlight the availability and quality 

of material. The petrographic studies and engineering 

properties were evaluated and results were analysed through 

statistical analysis to study the variability and its effect of 

constituents on material performance. The methodology is 

devised which will highlight aggregate characterization 

process as a bridge to support the sustainable development of 

pavement for improving life cycle cost. 

II.  LITERATURE REVIEW 

A. Aggregate Characterization and Challenges in 

Sustainable Development 

Material resources identification, management and their 

preservation is a continuous activity which will long last and 

beneficial for development. The various building material 

available for the construction work require attempt towards 

characterization and understanding of their appropriate usage 

for various purpose. As construction demand increases, 

material deposits decreasing their quantitative value in the 

form of higher aggregate consumption [1]. The knowledge 

regarding available natural aggregates is necessary to improve 

the demand and supply of aggregate within a city, moreover 

knowing the quality as well as quantity of aggregate deposits 

present in an area is of great interest when the aggregate data 

is needed to be compiled. The database thus embedded with 

the geological map can be a resourceful and workable tool for 

decision making process [2].  

In broad understanding, sustainability refers to maintain the 

performance of structure without compromising the quality 

during entire life and fulfilling current and future 

requirements. The important element of sustainability is 

durability which is associated with the demand of structure 

and material requirement [3].  
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While focusing on the provision of sustainable material in 

structure, it is configured to explore and develop such material 

which would definitely provide the required serviceability and 

ultimately support overall structural performance. On the 

other hand, it is the understanding of the vital role of the 

inputs that process the system and gives the safe and efficient 

performance in structure. The ingredients for building up the 

structure take part in designing, construction and sustainability 

of the structure to its entire life. As construction progressing, 

the material usage and consumption increase which is needed 

to understand in terms of its characteristic, usage, management 

and recycling. To understand the sustainability of material 

there are three components to understand in regard of the 

consumption of material resources [4]. 

(a) The connection between consumption rate of the 

material and reserves of material; (b) Efficacy of the resource 

for its serviceability and (c) Economical and environmental 

effects of resources. 

One of the framework is proposed to assess and improve 

the greener materials through material design, structural 

design and life cycle modelling of the built structure. It is 

suggested that material durability is a vital element for 

improving the sustainability and it can meet or exceed the life 

of the structure (Kendall et aI., 2008). Thus improving the 

material quality is the primary element for the sustainable 

infrastructure .The versatility in material that is the use of 

appropriate light weight aggregate also enhances the 

sustainability of infrastructure [5].  

Studying the components on which sustainable 

development depends, it is concluded that use of material is an 

important parameter that support the pavement structure. By 

understanding the material from its origin to the final finished 

product, the preservation techniques of the structure might 

extend with better serviceability.  

Highlighting the quality of material, a step was taken up to 

characterize the local aggregate in Karachi. For this process, a 

frame work is established for characterization which would 

help in selecting suitable material for certain construction 

work [6]. 

As the use of appropriate material is one of the element that 

imparts in sustainable development directs toward attempting 

aggregate characterization process, which is a way to classify 

rock on the basis of its inherent property and engineering 

versatility. This practice helps the user to understand the 

quality and best available material for construction and 

supports the sustainability of structure in terms of less 

maintenance and reducing life cycle cost of the system. 

III. METHODOLOGY 

By understanding the concepts and demands of 

sustainability, the research is focused to study the 

characteristic of hub river quarry which is supplying massive 

amount to the construction sites of Karachi. Hub river is a 

stretch of 60Km at the periphery of Karachi and nourishing 

various crushers from which following crushers (along with 

their quarries) are selected for study: 

(i)     Badshah 

(ii) Langlohar  

(iii) Hasan Pir Hill 

(iv) Maru Dakka 

(v) Mubarak Goth 
 

The location (latitude and longitude) of existing quarries 

was plotted on the map[9] from where rock and crushed 

aggregates samples were collected. The most initial stage is 

the collection of material which is divided in two parts that is 

from quarry and crusher of Hub river basin. These materials 

were sampled [7] on the basis of variability and properties of 

aggregates were evaluated by understanding of virgin and 

crushed material. Aggregates are inducted in the testing 

program for engineering testing and petrographic examination 

[6]. The effect of aggregate within the sample is studied 

statistically by applying ANOVA.  

After following the process of aggregate characterization, 

these aggregates were tested with hot mix asphalt in order to 

evaluate their performance in pavement. The asphalt concrete 

samples were prepared and wheel tracking testing is done at 

different temperature (25, 40 and 60°C) and asphalt content 

(4.5, 5 and 5.5%) in order to evaluate rutting behaviour. This 

task is performed to generate the results which were ultimately 

used in the development of performance model.  The process 

of aggregate characterization is inducted in the lifecycle of 

pavement construction [8] which act as a supportive decision 

making tool for sustainable development of pavement.  

A. Aggregate Characterization Process 

(i) Sampling 

Sampling is the first step for carrying out engineering tests. 

In the context of aggregate characterization, the sampling is 

done by incorporating the two areas: 
 

i. Sample Size [7]: On the basis of this variation, it is 

identified that there are two (2) factors which are further 

distinguished as follow: 

(a) Colour (three levels: red, yellow and grey) 

(b) Condition (fresh and weathered) 
 

Considering the factors and their levels, the sample size can 

be determined by two approaches [7]: (a) Probabilistic 

approach, (b) ANOVA approach.  
 

ii. Sample Collection [6]: A detailed survey of Hub river 

basin is conducted in the major aggregate sources located in 

Hub River area to collect samples. For the purpose of 

convenience, the  entire stretch of Hub  river  basin  area  was  

divided  into  three  sections  from  north  to  south for sample 

collection as detailed below: 

(a) The upper section 

(b) The middle section  

(c) The lower section. 
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Fig. 1 Linking Aggregate Characterization Process with Stages of 

Asphalt Pavement Life Cycle [8] 

 

(ii) Laboratory Testing 

For better understanding of the aggregate characteristic, 

testing of samples(aggregate and rock) composed of two 

parts: 

(i)  Petrographic studies of rock  

(ii) Engineering tests on aggregates. 
 

This approach will help in characterizing the aggregate 

on the basis of source rock, inherent variation and finished 

aggregate product at the crusher plant level.  The laboratory 

testing flow is shown in Figure 2.  
 

i. Study of Engineering Properties 
 

On the basis of variability, the aggregates collected from 

Hub crushers were classified in three colours (red, brown and 

grey) and engineering test were conducted. The aggregate are 

classified so as to test the variation due to its colour. These 

tests support the predictions about the in-service performance 

of material and enabling the material to be compared with 

different aggregate sources.  
 

ii. Results of Engineering Properties 
 

   The results of engineering tests of aggregates are 

summarized in APPENDIX A. Table 1 shows the glimpse of 

the engineering test results for Ahmed Goth crusher (one of 

the crusher from Hub river). In this analysis, the impact of 

single factor that is colour of aggregate on the performance of 

whole aggregate sample is examined through engineering 

tests. The dependent variable is the quantity that is test results 

of the properties, which can potentially influenced by 

independent factor that is colour of the aggregate. To evaluate 

the variability among the sample and influence of colour one 

way ANOVA is run. 

 Fig. 2 Laboratory Testing Flow Chart for Aggregate 

Characterization [6] 

 
TABLE I 

RESULT OF ENGINEERING TESTS FOR AHMED GOTH CRUSHERS AGGREGATE 

Flakiness Index (%)   Elongation Index (%)  

S.No Red Yellow Grey  S.No Red Yellow Grey 

i 19.23 16.54 12  i 21.7 25.91 15.7 

ii 13.2 18.68 13.73  ii 26.01 26.13 18.03 

iii 14.88 18.3 14.88  iii 25.81 28.28 25.81 

iv 15.13 16 12.6  iv 7.35 22.28 28.03 

v 14.47 16.04 15.56  v 24.97 27.87 29.76 

 

iii. Analysis of Variance (ANOVA) 
 

    The results are analyzed by comparing the results and to 

check whether the colour of the aggregate effect on the 

performance measure or not. Two alternatives hypotheses with 

the following meanings are assumed: 

Ho (Null Hypothesis): level of colour does not affect the 

aggregate property, 

H1 (Alternate Hypothesis): level of colour does affect the 

aggregate property. 
 

    One way ANOVA is run on the data shown in Table 2 for 

each test and F-values are calculated in order to accept or 

reject Ho. Figure 3 Shows the F-Distribution curve. ANOVA 

test follows to reject Ho as p-value 0.03<0.05 in case of 

Flakiness Index, whereas it accept Ho in case of Elongation 

Index. It is concluded from ANOVA that, the colour of the 

aggregate does affect the aggregate property. 
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Fig. 3 F-Distribution 

 
TABLE II 

ANOVA OF ENGINEERING PROPERTIES FOR AHMED GOTH CRUSHER 
Flakiness Index (%)       

ANOVA: Single Factor      

Source of Variation SS df MS F P-value F crit 

Between Groups 28.19908 2 14.09954 4.66915 0.031632 3.88529 

Within Groups 36.23668 12 3.019723    

Total 64.43576 14     

Elongation Index (%)      

ANOVA: Single Factor      

Source of Variation SS df MS F P-value F crit 

Between Groups 60.75444 2 30.37722 0.849747 0.451711 3.88529 

Within Groups 428.9827 12 35.74856    

Total 489.7372 14     

 

    The weighted engineering properties results are 

summarized in Table 3. 
 

TABLE III 

ENGINEERING PROPERTIES OF THE CRUSHED ROCK COLLECTED FROM 

CRUSHER 
Engineering 

Properties Badshah Langlohar 

Hasan 

Pir Hill 

Maru 

Dakka 

Mubarak 

Goth M.Inayat 

Flakiness 

Index 
- 14.73 12.53 39.67 - 37.86 

Elongation 

Index 
- 23.53 17.05 7.23 - 17.33 

 Absorption 

(%) 
- 0.30 0.18 0.45 - 0.46 

Bulk 

Specific 

Gravity 

(BSG) 

- 2.65 2.66 2.62 - 2.64 

Bulk 

Specific 

Gravity 

(SSD) 

- 2.67 2.66 2.63 - 2.66 

Apparent 

Specific 

Gravity 

- 2.69 2.67 2.65 - 2.85 

Crushing 

Value 
- 25.37 27.15 21.62 - 25.57 

Impact 

Value 
- 15.32 14.76 15.74 - 14.69 

L.A 

Abrasion 
- 27.22 26.15 26.39 - 26.24 

 

iv. Petrographic Studies 
 

    The knowledge regarding rock type so as to use it for 

engineering purpose is a way to safe construction work from 

risk of unforeseen problems. To judge the suitability of 

aggregate, the knowledge of rock types within an aggregate 

requires accurate petrological description to convey the basic 

information about the characteristic of aggregate in terms of 

mineralogical composition, grain size and texture. The 

inference on the performance can be drawn by petrographic 

description but confirmed by appropriate engineering tests. 

The thin sections of rocks were prepared according standard 

procedure given in ASTM C 295 and studied under polarizing 

microscope. The mineral content of the samples is studied in 

terms of carbonate and non carbonate contents. It is observed 

that Carbonate Content (CC) in the samples is relatively high 

as compare to Non-Carbonate Content (NCC). The results for 

the important microscopic properties of the rock that is type of 

texture, mineralogy and level of voids in rock are summarized 

in Table 4. 

 
TABLE IV 

PETROGRAPHIC EXAMINATION OF THE ROCK COLLECTED FROM QUARRIES 

  Badshah Langlohar 

Hasan 

Pir 

Hill 

Maru 

Dakka 

Mubarak 

Goth 

Texture 

(%) 

MST 41.67 35.17 43.33 39.00 38.83 

GST 58.33 64.83 56.67 61.00 64.83 

Mineralogy 

(%) 

CC 68.29 89.51 88.38 76.22 87.79 

NCC 31.71 10.49 11.62 23.78 12.21 

Particle 

Shape 
SPH HIGH MEDIUM LOW HIGH MEDIUM 

Voids VC MEDIUM HIGH HIGH HIGH MEDIUM 

MST=Matrix Supported Texture 

GST=Grain Supported Texture 

CC=Carbonate Content NCC=Non Carbonate Content 

SPH=Sphericity 

VC=Void Content 
 

v. Results 
 

The correlation between engineering properties and 

petrographic studies was developed and it is concluded from 

the petrographic study that the texture, mineral composition, 

fossil contents, microstructures and degree of voids contents 

present in the aggregates does effect the physical 

(engineering) properties of the aggregate. The major rock type 

in the hub river stream beds are found to be sedimentary 

carbonate rocks representing exclusively limestone with minor 

association of chert. The effect of colour, which is the most 

visible physical property, is also observed by running one way 

ANOVA on engineering properties results. ANOVA predicts 

that the colour of the aggregate has the effect of its properties. 

However, Hub river aggregates are found to be strong enough 

and display satisfactory values of engineering properties. 
 

(iii) Aggregate Database-An end product of Aggregate 

Characterization 
 

    By following the process of aggregate characterization, the 

relevant engineering properties and petrographic studies have 

been conducted and the Hub aggregate properties data is 

compiled. This database also contains the location of 

aggregate quarries and crushers of Hub river form where the 

material is extracted. The resource map of Hub river is 

prepared [9], on which locations of quarries and crushers are 

marked [6]. By exploring the database, the engineering 

properties of particular quarry can be obtained so at to utilize 

the material according to the requirement. 

α =0.05(2.98) 
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IV. SUSTAINABLE DEVELOPMENT OF PAVEMENT 

     Life cycle of asphalt pavement [4] carries the steps from its 

construction uptil its repair and maintenance activity. The 

basic ingredient of asphalt concrete pavement is aggregate 

which consist 90-95% of AC volume that are required during 

the time of manufacturing and rehabilitation of pavement. The 

behaviour of aggregate reflects the serviceability of pavement 

which ultimately helps in improving its sustainability. The 

aggregate if characterized in terms of its engineering 

characteristics will surely prove to predict its workability 

within structure. Thus an aggregate properties database is 

compiled so as to use it, as a ready reference for selection of 

material to build sustainable pavements. This attempt is also 

helpful to investigate the aggregate quarry present nearest to 

the construction site. This way the transportation cost of 

material can be minimized. The material selected from 

available database can be utilized in rehabilitation and 

maintenance processes with better understanding. Aggregates 

will improve the life cycle framework for built structure by 

reducing the material evaluating activity. It will be effective to 

reduce the project cost of the structure by using quality based 

material. 

V. CONCLUSION 

    The findings of the paper concluded that an aggregate 

database developed in this study is an input constructive tool 

for the life cycle steps of asphalt pavement. It will enhance the 

economical parameter of the project by supplying required 

quality product and reducing project cost thus helps in 

improving sustainability. 

APPENDIX 

Results of Engineering Tests for Ahmed Goth Crushers. 

 

Test 1: Flakiness and Elongation Index 
Flakiness Index (%)  Elongation Index (%) 

S.No. Red Yellow Grey  S.No. Red Yellow Grey 

1 19.23 16.54 12  1 21.7 25.91 15.7 

2 13.2 18.68 13.73  2 26.01 26.13 18.03 

3 14.88 18.3 14.88  3 25.81 28.28 25.81 

4 15.13 16 12.6  4 7.35 22.28 28.03 

5 14.47 16.04 15.56  5 24.97 27.87 29.76 

 

Test 2: Specific Gravity and Absorption 
Bulk Specific Gravity (BSG)  Bulk Specific Gravity (SSD) 
S.No. Red Yellow Grey  S.No. Red Yellow Grey 

1 2.62 2.61 2.60  1 2.65 2.64 2.64 

2 2.63 2.62 2.68  2 2.65 2.63 2.69 

3 2.62 2.62 2.69  3 2.65 2.65 2.69 

4 2.62 2.61 2.69  4 2.66 2.65 2.69 

5 2.62 2.62 2.68  5 2.66 2.64 2.68 

Apparent Specific Gravity  Absorption Values (%) 
S.No. Red Yellow Grey  S.No Red Yellow Grey 

1 2.68 2.68 2.70  1 0.85 0.92 0.29 

2 2.67 2.67 2.69  2 0.84 0.93 0.12 

3 2.67 2.67 2.70  3 0.85 0.93 0.08 

4 2.68 2.68 2.70  4 0.85 0.92 0.06 

5 2.68 2.68 2.69  5 0.84 0.92 0.07 

 

 

 

Test 3: LA Abrasion Value (%) 
S.No. Red Yellow Grey 

1 26 32.47 27.10 

2 27.11 32.83 26.23 

3 26.98 33.28 26.14 

4 27.06 32.83 26.54 

5 27.25 33.28 25.90 
 

Test 4: Impact Value (%) 
S.No. Red Yellow Grey 

1 13.15 16.48 14.60 

2 14.00 16.94 15.40 

3 14.55 16.57 16.25 

4 14.68 16.20 14.74 

5 13.69 16.83 15.60 
 

Test 5: Crushing Value (%) 
S.No. Red Yellow Grey 

1 26.2 27.94 25.00 

2 26.7 28.00 25.13 

3 26.66 27.93 24.00 

4 25.98 27.81 25.28 

5 25.68 27.76 24.86 
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